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ABSTRACT
Auckland currently has a rapidly increasing population and changing household demo-
graphics. This has led to a demand for more sustainable housing solutions. Medium density 
Housing (MDH) and prefabricated (Prefab) techniques are currently focus of interest. The 
former is considered to be a solution to reduce urban housing problems, while the latter, 
can improve housing productivity, affordability, and construction efficiency. This paper is 
based on contemporary MDH principles and prefab technology in order to find a new pro-
gressive solution that integrates flexible housing design methods. The final outcome of the 
proposal is to develop various flexible housing typologies that promote diversity to respond 
to the changing needs of users, and to increase adaptability to the variety of different sites 
in Auckland. 

Flexible housing is relatively new to New Zealand, therefore there is a lack of practical 
experience that can be referenced. In order to improve the feasibility of this project in a 
real world context, this paper will start with the study of 32 existing housing precedents in 
Auckland and with some underlying design principles so the possibilities can be summa-
rized to guide the design process that follows. The design prototypes will be further tested 
on one section of the site, followed by an evaluation procedure using three MDH standards. 
Finally, the knowledge and experience will be applied to re-develop the entire site.

Flexibility and diversity are the two keywords that will be used to answer the research 
question. The technical solution -a prefabricated timber hybrid (module plus panel) system 
is used for the final realization. If this project is proven to be viable, it will provide a valua-
ble alternative for the changing housing needs in Auckland.
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In Auckland, housing needs are changing. 

Auckland’s population continues to grow rapidly. By 2033, it is predict-
ed to reach two million.1 More housing is required to meet the needs of 
the diverse and growing population. Hence, the new Auckland Unitary 
Plan which was published in 2016, aims to provide more than 400,000 
new residential houses in urban areas and on rural lands to meet the de-
mands of Auckland’s growth over the next 30 years.

However, because of the demographic in Auckland, the return of the nu-
clear family has meant that half the families in Auckland will consist of 
two-person people in 15 years time.2 More compact houses are required 
for young couples, retirees, and solo parents. Conversely, housing size 
has growing in the past few years. Data from Statistics NZ shows con-
sented homes in 2016 were over 60 percent bigger than they were in 
the 1970s. The average floor area of consented homes in 1974, 2004 and 
2016 was 110m2, 181m2 and 182m2 respectively.3 

1　Statistics New Zealand, Subnational Population Projections: 2013(base)–2043 update, 
February 2015. Available: http://www.stats.govt.nz/browse_for_stats/population/esti-
mates_and_projections/SubnationalPopulationProjections_HOTP2013base-2043.aspx. 
Last accessed 18 July 2017.
2　Statistics New Zealand, National Family and Household Projections: 2013(base)–2038, 
October 2015. Available: http://www.stats.govt.nz/browse_for_stats/population/esti-
mates_and_projections/NationalFamilyAndHouseholdProjections_HOTP2013base/Com-
mentary.aspx. Last accessed 29 July 2017.
3　Statistics New Zealand, Floor area and cost of consented new dwellings, October 2016.
Available: http://www.stats.govt.nz/browse_for_stats/population/estimates_and_projec-
tions/dwellings-household-trends-1991-2015.aspx. Last accessed 29 July 2017.

Fig.1 – New dwellings consented by year ended August 2016.

1.1 | BACKGROUND

In the first half of 2017 in Auckland, dwellings and terraces being construct-
ed, marketed or in the design phase had an average gross floor area (internal 
and balcony) ranging from 107m2 to 209m2, depending on typology and lo-
cation. The average gross floor area of a terraced, detached unit in Auckland 
was then 123m2 for two bedrooms and 171m2 for three bedrooms.4 

The increased floor area is influenced both by the ‘quarter acre’ (1012m2) 
dream and by changing lifestyles. Contemporary New Zealanders opt for a 
‘horizontal spread’ lifestyle rather than a ‘vertical’ one. They are in favour 
of a large open kitchen connected to the living room and outdoor space; 
they need a larger garage to accommodate cars, outdoor gears, kayaks, or 
even boats; they like gardening and other outdoor activities. Thus, a large 
private courtyard is seen as essential. A survey of 285 occupied houses in 

4　Colliers International, Auckland Residential Development Report-1H2017, April, 2017. 6. 
Available: http://www.colliers.co.nz/find%20research/residential/auckland%20residen-
tial%20development%20report%201h2017/. Last accessed 29 July 2017.
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Fig.2 – Aerial image of Auckland city
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New Zealand in 2014 showed some other features of large houses- extra bedrooms without 
a current occupant, specialized rooms (i.e. study/office, play room, games room/rumpus 
room, studio/workshop), and more than one bathroom (including en-suites).5 

Recently however, due to increased building and land costs, houses have become more 
and more unaffordable. People seem to think that extremely high housing price has killed 
the dream. The Home Affordability Report published by Massey University shows that the 
Home Affordability Index in Auckland has declined, from 5.4% to 36.38% in the 12 months 
since May 2017.6 REINZ (the Real Estate Institute of New Zealand) recorded the median sale 
price of existing dwellings in Auckland in the 12 months prior to January 2017 and found it 
to be $830,000, an increase of 11.3% over the previous year.7   

Finally, because population growth leads to urban sprawl, the main objective of the new 
Unitary Plan is to manage growth while also aiming to create the most livable city in the 
world. In practice, the legitimate size of a lot has been reduced to a minimum of 300m2, 
with a studio apartment being a minimum of 30m2 and 45m2 for one or more bedrooms. 
More compact housing on small lots is to be encouraged. But the question is, how will it be 
possible to intensify the housing density of Auckland while at the same time ensuring a liv-
able space has been created? 

5　Iman Khajehzadeh and Brenda, Large Housing in New Zealand: Are Bedroom And Room Standards Still Good 
Definitions of New Zealand House Size? February 2016. Available: https://cdn.auckland.ac.nz/assets/creative/
schools-programmes centres/URN/documents/AHRC-Papers/Khajehzadeh_Vale-Definition-of-House-Size.pdf. 
Last accessed 29 July 2017.
6　Massey University, Home Affordability Report, JUNE 2017. Available: http://www.massey.ac.nz/massey/
learning/colleges/college-business/school-of-economics-and-finance/research/mureau.cfm. Last accessed 13 
August 2017.
7　Colliers International, Auckland Residential Development Report-1H2017, April,2017. 6. Available: http://
www.colliers.co.nz/find%20research/residential/auckland%20residential%20development%20report%20
1h2017/. Last accessed 29 July 2017.
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1.2 | PROJECT OUTLINE

This project will utilize flexible design approach to create a diverse mix of housing types as a 
response to the dynamic housing needs and challenges in Auckland. With the aid of the prefab-
ricated techniques (prefab panel and/or modules), housing forms can be arranged in a variety 
of ways. Housing diversity can be achieved to meet the various families’ needs, preferences and 
budgets. After being bought, flexible housing can be adapted to a certain degree of change dur-
ing the occupant’s lifetime.

A site at Flat Bush in Auckland was selected to test the adaptability of the flexible housing typol-
ogies from the planning stage. The design outcome was assessed using Medium Density Housing 
(MDH) criteria.

Fig.3 – Terrace house located in Roturoa, photographed by author

1. INTRODUCTION |
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1.3 | AIMS & OBJECTIVES

Faced with the changing needs of Auckland, mixed -housing and MDH de-
sign are solutions that have been proved to be effective in the case of Hob-
sonville Point and other projects in Auckland. More research on MDH is 
required to refine characteristics or rules that can be used as guidelines for 
new housing developments. This project aims to:

• Be based on the current housing demand in Auckland and to take into 
account the new Unitary Plan requirements. Intervention of flexible 
design strategy in the planning stage will be applied to ascertain the 
advantages, to ensure that new projects are better than existing MDH 
projects.

• Investigate the extent of prefabricated techniques in improving housing 
flexibility. To find a relatively more feasible prefabricated hybrid meth-
od in addition to traditional prefab methods. 

• Find out the results of how flexible housing can compensate for the de-
ficiencies of increasing housing density, such as improving affordability, 
privacy, orientation, sunlight, safety, usable open space and a sense of 
community, to balance the densification.

• Offer more affordable and livable choices for potential home buyers and 
tenants in Auckland. 

• Give housing choices to the increasing number of nuclear families in 
Auckland and to seniors, singles and young couples, as well as to fami-
lies with children. Meanwhile, the needs of larger families will also be 
considered.

• Develop a universal housing construction solution for Auckland develop-

ers that can be applied to both small land sizes and also large-plots. 
The solution is variety in housing typologies with lower construction 
cost.

• Provide a kind of housing design method that can be widely applied 
to Auckland or used in a similar context.

• Improve housing use value and user loyalty to enhance social, envi-
ronmental, and economic sustainability.

• Investigate the long-term benefit that flexible housing can bring to 
family life.

|  1. INTRODUCTION
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1.4 | ARCHITECTURAL QUESTION

How can prefabricated flexible housing adapt to the changing needs 
and increasing density of Auckland?

Fig.4 – Terrace house located in Easter Park, Botany Town 
Centre, Auckland. Photographed by the author.

1. INTRODUCTION |
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1.5 | SCOPE & LIMITATIONS

This project aims to develop a series of flexible housing typologies that can 
be adapted to various site conditions. However, in practice, people rarely 
replicate the same housing floor plans in different locations due to the var-
ious briefs of the project, the site condition, and the users’ personal prefer-
ences. In general, the majority of contemporary architectural design pro-
cesses are based on a site-specific design method. 

Thus, the scope of this project is not to try to create a new type of one size 
fits all housing solution. Instead, it is based on the study of the universal 
characteristics of current Auckland housing. According to the study, some 
possibilities of combining and arranging basic units and modules can be 
developed and utilized as a design tool to be applied to site-specific design, 
according to the needs of practical projects and sites.

Therefore, the choice of site in project represents a certain extent the uni-
versal but not absolute completeness. Each site is unique. Consequently, this 
project attempts a theoretical practice in a specific site. Based on statisti-
cal data from BRANZ, at present most MDH projects in Auckland City are 
conducted on small sites. In order to improve the referencing value of this 
project, a small section from the site was selected as a pre-test location. The 
emphasis of this project is not housing planning but how flexible housing 
can be used on a specific site.

This project involves the flexible architecture, prefabricated (prefab) and 
Medium Density Housing (MDH), which are independent disciplines and 
will not be evenly distributed in the research. The core is flexible housing, 

other principles are only supplementary knowledge. Prefab is used as a 
technical method that contributes to the accomplishment of the final de-
sign model. MDH is considered to be a brief based on the research con-
text.

32 existing Auckland houses were sampled and studied at the beginning 
of this paper. These included state houses, which have been used since 
the 1940s, and contemporary MDH houses were recommended by the 
Auckland City Council in the design manual. However, these houses 
have some limitations because they have different backgrounds or were 
designed or built to meet particular needs. So, as a complement, some 
widely approved housing standards will be referenced in parallel to 
avoid the limitations.

|  1. INTRODUCTION
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1.6 | STATE OF KNOWLEDGE IN THE FIELD

Flexible Housing

Flexible architecture has little intersection with contemporary New 
Zealand housing development; instead it relates to the principle of free-
plans, as was utilized in. The George House in Auckland, designed by lo-
cal architect Richard George in 2006. The most prominent feature of this 
house is that the internal partition walls are detached from the exterior 
walls and are movable. Thus interior spaces, including the living room, 
bedrooms, even corridors and bathrooms are liberated and can reorgan-
ized by the occupants according to their growing needs. 

Housing flexibility is gaining popularity in Auckland. The Auckland De-
sign Manual, published by the Auckland City Council, illustrates one of 
the design considerations for detached housing design: ‘Make your de-
sign flexible and adaptable for different uses, particularly in relation to 
private open space, parking, access, and service rooms; so that the house 
may be re-subdivided or used in different ways should the residents 
change.’8

A recent award-winning project, Altera Apartments designed by Warren 
and Mahoney Architects, employs a similar idea to the George House- 
the concealed sliding doors allows the living space to be customized 
into private room to suit different ways of living ways. The difference 

8　Auckland Design Manual, Guidance for Detached-5.5 Extended family house (Auckland 
Council, 2017) Available: http://www.aucklanddesignmanual.co.nz/project-type/build-
ings-and-sites/housing/detached/guidance/placing-the-building/types-of-house/extend-
ed-family-house. Last accessed 12 August 2017.

Fig.5 – George House, designed by Richard George, 2006
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by neighboring places offshore, such as Melbourne and Sydney where the 
lifestyle values are similar. Consequently, in addition to some of the mo-
notonous MDH developments, it is foreseeable that Auckland will need 
more appropriate MDH designs to meet the unique growing needs.

Prefab- Prefabricated

When it comes to Prefab in New Zealand, it is unavoidable to mention 
the organization called PrefabNZ, founded by Pamela Bell. In 2015, they 
released the “Five Year Impact Report” on the New Zealand prefab in-
dustry.11 It not only illustrates the rapidly growing trend of using prefab 
techniques in the New Zealand building industry, but also concludes 
that: “Prefab methodology can reduce the build cost (materials and la-
bour) on a new home by 15%.”12 It is an effective way to improve hous-
ing affordability.

However, the report also states the fact that among all the prefab catego-
ries, small scale prefab components (windows and doors, small structural 
members like trusses and frames) are the most popular, although some 
large projects are beginning to use the medium-sized typologies of pre-
fab systems- like the use of 468 prefab modular rooms in the University 
of Auckland student accommodation project. For other prefab methods, 
especially the Prefab Hybrid System (module plus panel), more practice 
is needed to verify its potential in Auckland. 

11　PrefabNZ, 5 Year Impact Report, 2015. Available: http://www.prefabnz.com/re-
sources/PrefabNZ 5 Year Impact Report (2015).pdf Last accessed 09 August 2017.
12　Ibid.

with this project is that -it is a high-density apartment building located in 
Auckland’s city centre, which verifies the fact that it is not only low-density 
housing that flexible design methods can be used for but also in higher den-
sity projects.

However, the flexible strategies utilized in the two projects above are 
weighted activities after occupancy, instead of prior to it. Two famous archi-
tects and scholars -Tatjana Schneider and Jeremy Till, wrote in their book 
‘Flexible Housing’: “For the designer of flexible housing, this has obvious 
advantages at the planning stage.”9 Hence, differently to the existing ones, 
this project is a flexible housing attempt that starts from the planning stage. 
As such, it should be able to contribute to the existing flexible housing 
knowledge in New Zealand.

MDH- Medium Density Housing

MDH has been trending in recent years. In April 2017, a Medium Density 
Housing Summit was held in Auckland. Famous local architects and ex-
perts like Pete Bossley and Dr. Duncan Joiner shared their experiences and 
practices in their fields. As the city is growing, MDH has already inevitably 
reflected housing intensification. BRANZ reported that 30% of all dwelling 
units in Auckland were MDH in the year 2016, and the city will experience 
10% growth over the next few years.10 However, MDH in Auckland obtains 
its uniqueness and core attributes from the historical and traditionally com-
pact suburbs, such as Freemans Bay and Ponsonby. It is also being affected 
9　Tatjana Schneider and Jeremy Till, Flexible Housing (London & New York: Architectural 
Press,2007), 24.
10　Ian Page, Build 154: Housing-Achieving a happy medium: Growth in MDH (BRANZ, June 
2016). 48.

|  1. INTRODUCTION
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1.7 | METHODOLOGIES

This proposal used a parallel method to seek the final solution, the fol-
lowing are the four stages:

Stage one | Literature Review & Precedents Study

The first stage of the research is divided into three parts: flexible hous-
ing, MDH, and prefab techniques. Relevant information is collected and 
instructive precedents are analyzed. The outcome of this stage establish-
es the theoretical framework for the next design stages.

Stage two | Flexible housing prototypes design

A study of 33 existing Auckland houses was conducted in the beginning 
of this stage. The organization and logical relationship of internal spaces, 
function, and size were studied to determine the pattern of the final pro-
totypes. Next, various arrangements and combinations of different mod-
ules were tested to prove flexibility. Finally, from a technology imple-
mentation point of view, the flexible housing types were subdivided into 
prefabricated modular and/or panelized systems, which contain further 
standardized units to save material, reduce waste, for efficient assembly, 
and for the sustainable aspects. 

Stage three | Testing the housing types on a section of the site

This stage is a feasibility study on the outcomes from the previous stag-
es. A section on the site was selected to test the top range of the MDH 

capacity with some of the developed flexible housing types. The study of a 
smaller section has practical significance to smaller developers. It also helps 
to find a way to re-develop the whole site.

MDH assessment indices were used to evaluate different planning attempts. 
By adjusting the arrangements of the housing types, each index can be 
changed to a certain extent. However not only the density, but also the min-
imum requirement of living spaces, lighting, privacy, the distance between 
dwellings or windows, car parking, outdoor spaces, views and a sense of 
community have been comprehensively considered.

Stage four | Testing the housing types on the entire site

Finally, having learned from the previous attempts and precedents, the 
entire site is to be re-planned according to the housing needs of Auckland. 
The design idea was solidified at this stage to identify more feasible housing 
solutions for the housing needs of Auckland. The aesthetic characteristic 
differentiates the design from the current uninteresting MDH developments.

1. INTRODUCTION |
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2.1 | FLEXIBLE HOUSING

FLEXIBILITY OR ADAPTABILITY?

Scholars have proposed many different definitions of ‘Flexible Housing’. 
Schneider and Till described their “broad” definition of flexible housing 
as: ‘housing that can adjust to changing needs (personal, practical or 
technological) and patterns (demographic, economic, or environmental), 
both social and technological.’13 Robert Kronenburg stated that flexible 
architecture is ‘buildings intended to respond to changing situations 
in their use, operation, or location. This is an architecture that adapts, 
rather than stagnates; transforms, rather than restricts; is motive, rather 
than static; interacts with its users, rather than inhibits.’14 It seems both 
definitions are one and the same. However, the latter, is more likely to 
emphasize idea that the housing or building itself is ‘alive’, that it has 
the ability to adjust and respond to changing needs. On the other hand, 
Schneider and Till further explain that why they carefully used a ‘broad’ 
definition is because it includes ‘the potential to make changes prior to 
occupation as well as the ability to adjust one’s housing over time after 
occupation.’ That means flexible housing should be ‘alive’ before it has 
been inhabited, or even before it has been built. Schneider and Till ex-
tend the definition of flexible housing -not only focus on post-occupation,  
like Robert’s definition, but also portrays many possibilities of flexible 
housing before it is occupied.

13　Tatjana Schneider and Jeremy Till, Flexible Housing (London & New York: Architec-
tural Press,2007), 4.
14　Robert Kronenburg, Flexible- Architecture that responds to change (London: Laurence 
King Publishing Ltd, 2007), 10.

Although our living conditions change in different contexts in terms of 
social, technological, economic, environmental, and political aspects, our 
housing types, responding to our patterns of living evolution, are still large-
ly based on early 20th century models.15 Since flexible housing is designed 
for changing needs, why can’t we try to design more varying models that 
focus on changing needs, lifestyle and context? Plenty of attempts and de-
signs have been made since the concept of flexible architecture emerged 
from the Modern Movement. However, most of these attempts focused on 
the stage of post-occupation. Design is a process to explore possibilities and 
extend boundaries, hence in this paper, the meaning of flexible housing 
conforms to Schneider’s and Till’s, but is more aimed at the issues prior to 
occupation.

Avi Friedman’s definition of adaptability also refers to issues prior to and af-
ter occupation. As he described in his book ‘The Adaptable Housing’: “Pro-
viding occupants with forms and means that facilitate a fit between their 
space needs and the constraints of their homes either before or after occu-
pancy...”16 This statement brings us to another question: what is the differ-
ence between adaptability and flexibility within the realm of architecture? 
Herman Herzberger, the designer of the famous Diagoon dwellings, argued 
that instead of designing some flexible or ‘alive’ houses for changing needs, 
he preferred adaptability, or what he called ‘Polyvalence’. It is a concept 
that oppose flexibility and determinism by showing that houses can adapt 
to different occupants without changing physical form before or after the 

15　Wolfgang Forster, Housing in the 20th and 21st Centuries, Bilingual ed. (New York: 
Prestel Publishing, 2006).
16　Avi Friedman, The Adaptable House (US: The McGraw-Hill Companies,2002), 16.
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occupation. To put it simply, the distinction between adaptability and flex-
ibility is that the former defines the ability of the different uses for space, 
for example, the same space can be utilized in a variety of ways according 
to the lifestyles of the occupants, normally by organising the rooms and cir-
culation patterns. In the latter case, flexibility is always related to physical 
changes, which includes internal or external modifications and extensions, 
through sliding partition walls, attaching lean-tos or other methods and 
techniques regarding the changing needs of the occupants. 

Hence, adaptability is generally about how space can be ‘used’, and flex-
ibility is how architecture can be ‘alive’. Both are concern with the space 
prior to and after occupation. Later in this paper, most of the design process 
will utilize flexible design methods. To prevent confusion, the term flexible 
housing in this paper is used to cover issues of both adaptability and flexi-
bility.

WHY FLEXIBLE HOUSING?

Schneider & Till classify the flexible housing into two categories: soft and 
hard. ‘Soft refers to tactics which allow a certain indeterminacy, where-
as hard refers to elements that more specifically determine the way that 
the design may be used.’17 For example, the soft tactic allows occupants to 
adjust their layouts according to lifestyles, while the hard tactic refers to 
predetermined elements such as sliding partition walls that reserve space 
for extension, and so on. It seems that the latter is more similar to the tradi-
tional methodology of architects and designers, which is to assume, deter-
mine and control the future. Therefore, the former might be preconceived 

17　Tatjana Schneider and Jeremy Till, Flexible Housing (London & New York: Architectur-
al Press,2007), 7.

Fig.6 – Adaptable House by Henning Larsen Architects + GXN
Diagrams show the flexible(adaptable) methods.
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to be uncontrollable.

However, the famous dictum by Stewart Brand states: ‘All buildings are 
predictions. All predictions are wrong. There’s no escape from this grim 
syllogism, but it can be softened.’18 Although it is hard to distinguish 
whether a design is absolutely right or is wrong, and in this sense, flexi-
ble housing can offer more choices for the users as well as for architects 
to rethink how to design better architecture to suit changing needs. 

Socially and culturally, flexible housing grants more rights for its users 
to adjust their own properties according to lifetime demands. This means 
increasing their loyalty to their dwellings. Demographically, it provides 
a practical design tool for architects or planners to cater to diverse living 
patterns or trends from different areas and time periods. Technically, 
it enables more components of a building to be changed, enhanced, or 
upgraded, to some extent to extend the life of the building. Last but not 
least, economically, it slows down the decay of housing, reducing the 
tedious and repeated work of architects and designers, so the users can 
also avoid frequent trading of properties to suit their fast growing needs.

In the Auckland context, the priority of this paper is to explore the ex-
tent to which flexible housing can serve the needs of productivity, af-
fordability, and livability in terms of existing and potential problems.

18　Stewart Brand, How Buildings Learn: What Happens After They’re Built (New York: 
Viking Press, 1994), 178.

Fig.7 – Altera Apartments by Warren & Mahoney
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HISTORY AND PRECEDENTS OF FLEXIBLE HOUSING

It is hard to find sufficient historical evidence to prove where the first 
flexible housing was located. British architectural historian Paul Oliver 
wrote in his book, Dwellings: The Vernacular House Worldwide: ‘with 
the growth of families, whether nuclear or extended, the care of young 
children and the infirm, and the death of the aged, the demands on the 
dwelling to meet a changing family size and structure are considerable.’19 
Thus, instead of investigating whether flexible housing is firstly derived 
from the vernacular, it is more meaningful to explore whether changing 
needs, or another issue, is the motive behind flexible housing develop-
ment.

Flexible housing began to be a trend or an observable phenomenon inthe 
early-to-mid twentieth century. As an attempt to counter the prevailing 
functionalism, some pioneer architects like Frank Lloyd Wright and Wal-
ter Gropius developed the concept of flexible housing, which was inter-
preted by Wright as: ‘the whole lower floor as one room. Then I screened 
various partitions of the big room for certain domestic purposes. The 
house became free as space and more livable too.’20 Later, similar con-
cepts were widely recognised as free-plans. The other prominent pioneer, 
Walter Gropius, collaborated with Adolph Meyer and they proposed a 
different interpretation of flexible housing in 1924. They regarded the 
house as a set of components instead of a complete product and named  
this ‘Haus Auerbach’, based on a “Baukasten” system, which was a set of 
standardised cubic modules for a “Wohnmaschine” (residence machine). 
19　Paul Oliver, Dwellings: The Vernacular House Worldwide (London: Phaidon, 2003), 
166-7.
20　Fassbinder, H., & Eldonk, J.v: Flexible Fixation (Assen: Eindhoven University of 
Technology, 1990), 13.

Fig.8 – Open living space concept by Frank Lloyd Wright
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It is one of the successful flexible housing projects and still exists in its al-
most original condition with no major additions or changes having been 
made since completion, although it was carefully renovated in the 90s and 
has been sold several times.

Compared to the flexibility derived from the concept of free-plans, Walter 
Gropius’ idea of the standardised component by no means provided more 
options for users in its infancy stage. It also suggested another creative way 
as to how a building could adapt to a specific site, and enabled the possi-
bility to change or replace the components over time with the minimum of 
intervention.

Gropius’ idea of standardised components may have been inspired by indus-
trialisation and the way Ford mass-produced cars in the same period of the 
early twentieth century. Undoubtedly, the industrialised method of produc-
tion is an effective way to remarkably improve productivity, as mentioned 
earlier in this paper. It could be an effective method to solve the housing 
crisis in Auckland. When we consider industrialised methods in the realm 
of architecture, it more or less relates to the notion of prefabrication, which 
will be discussed later on. However, as emphasised by Schneider and Till: 
‘the relationship of flexibility with many prefabricated systems is based on 
the principle of components that can potentially be arranged in an infinite 
number of ways. For the designer of flexible housing, this has obvious ad-
vantages at the planning stage.’21 Their interpretation not only clearly shows 
the relationship between standardized components, prefabrication and flex-
ibility, but also reveals more possibilities of flexibility, derived from Gropi-
us’ idea. It therefore became the starting point of the design of this project.

21　Tatjana Schneider and Jeremy Till, Flexible Housing (London & New York: Architectur-
al Press,2007), 24.

Fig.9 – Haus Auerbach, Walter Gropius + Adolph Meyer, 1924.
 Diagram of components.
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Fig.10 – Le Corbusierʼs Unité dʼHabitation

Fig.11 – Space organization of Unité dʼHabitation

Le Corbusier, was a prominent figure in Modernism who, in 1926, for-
mulated ‘Five Points of Architecture’. Thanks to the rapid advancement 
of technology and new materials, the concept of a flexible ‘Free Plan’- 
which is one of the five points, gained attention, and was further devel-
oped by many famous modern architects. The 50 x 50 House by Mies 
van der Rohe, the Core House and the Rietveld Schroder House by Gerrit 
Rietveld, and the Diagoon House by Herman Hertzberger are all pioneer-
ing attempts to explore flexibility using the Free Plan.

Le Corbusierʼs contribution to flexible architecture is not merely concep-
tual. His work Unité dʼHabitation- a high-rise apartment building based 
on the framework of Maison Dom-ino, which evolved from the Maison 
Citrohan and the Immeuble Villa, established a reference model for fol-
lowers. Unité dʼHabitation, a type of ‘vertical garden city’22, was a re-
sponse to the housing shortage after the World War. Corbusier conceptu-
alised and designed 23 different dwelling typologies, distributed througn 
337 apartments spread over 12 storeys. The 23 typologies flexibly served 
nearly 1,600 residents according to the varied sizes and living patterns 
of different families. Therefore, compared to the Haus Auerbach by Wal-
ter Gropius and Adolph Meyer, Unité dʼHabitation declared a new epoch 
in the history of flexible housing by extending the flexible possibilities 
vertically. Successful contemporary cases influenced or inspired by the 
flexible idea of Unité dʼHabitation can constantly be found: The Kitagata 
Apartment by SANAA which was finished in 2000, the Fukuoka Apart-
ments by Steven Holl in 2001, and the VM Houses by BIG+JDS in 2005 
all follow a similar concept. Corbusier and his successors, proved that 
flexibility, is not limited to (re)organizing the internal spaces or arrang-
ing partition walls; it can also sprawled vertically. Moreover, much re-
22　Kenneth Frampton, Le Corbusier (London: Thames and Hudson,2001), 156.
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searchs and many studies have been conducted on how to design indoor 
spaces flexibly. In order to explore more possibilities, a vertical flexibility 
study is included in this paper. 

Another iconic person who has made notable contributions to the devel-
opment of flexible housing is Avi Friedman, who also devoted himself to 
affordable and sustainable housing practices at the unit and community 
levels. He is known for his two flexible housing projects- the Grow Home 
(co- designed with Witold Rybczynski) and the Next Home. The former 
was designed to be a two-storey narrow row house and is only fourteen 
feet wide, with total floor area of 1,000 square feet. The underlying de-
sign principle for this house is to provide an affordable house for the 
residents to “grow” their home before and after occupancy according to 
their growing needs. Leaving the internal plan unfinished, a series of 
components was designed for the residents to (re)configure their homes.
By this means the house could be adapted to suit the lifestyles of differ-
ent households, or to suit different stages during the lifetime of a family.

As described by Schneider and Till in their book: “Avi Friedman’s work, 
developed over a Lifetime of research and practice, is concerned with the 
adaptability of buildings that offers responses to societal changes and de-
mographic shifts, as well as to issues of affordability.”23 However, evolv-
ing from the basic principle of the Grow Home, Avi Friedman further 
developed more vertical flexibilities for the four-storey Next Home. He 
made an allowance for an internal staircase should the need arises and 
the joists between levels are removable. Hence, the four-storey house can 
be subdivided into up to three independent units. Each unit is more af-

23　Tatjana Schneider and Jeremy Till, Flexible Housing (London & New York: Architec-
tural Press,2007), 4.

fordable for a small sized family compared to paying for an entire house. In 
this case, with other add-on internal or external components, greater flexi-
bility can be achieved before or after occupancy. 

Fig.12 – The Next Home, Avi Friedman. The ‘cryptic’ floor plans.
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RETHINK FLEXIBLE HOUSING

Architect David Levitt, co-founder of Levitt Bernstein in the UK, wrote in 
his book: “Like ‘sustainability’, ‘flexibility’ is one of those words we use very 
lightly but usually manage to avoid using in our designs on the grounds 
that it costs too much, is too long term, and doesn’t sell as an idea.”24 Simul-
taneously, he also cited an unsuccessful example, an experimental flexible 
housing project in London, built in the early 1970s and designed by Danish 
architect N. John Habraken. Habraken is also an advocate of open building 
theory, as interpreted by his dictum: “We should not try to forecast what 
will happen, but try to make provisions for the unforeseen.” (John Habrak-
en, 1961) 

Levitt and Habraken hold different opinions about the position of flexibility 
in housing design. Levitt believes that it should be less important because 
“Past attempts to incorporate flexibility into the planning of new homes 
have almost always resulted in uneconomical solutions.” Conversely, he 
further explained: “the traditional English terrace house, which was never 
intended to be at all flexible, has proved capable of the most astonishing 
transformations…”25 On the other hand, Habraken’s dictum represents the 
mainstream ideology of flexible housing design, to put it simply, flexibility 
in housing design is a provision for the future. However, whether it will 
lead to the same result is questionable: “All predictions are wrong”- as Stew-
art Brand said.

People should be at the centre of every design - regardless whether it be a 

24　David Levitt, The Housing Design Handbook-A Guide to Good Practice (London & New 
York: Routledge,2010), 190.
25　Ibid., 190.

house, building, park, a street, or a community. In other words, flexible 
housing design should be people oriented, instead of designed only for 
flexibility. The same can be said of Universal Design- it is not a manda-
tory regulations for Auckland, but the current legislation, such as the NZ 
Standard 4121:2001Design for Access and Mobility – Buildings and As-
sociated Facilities, traces of Universal Design can be easily found. There-
fore, maybe Levitt is somehow correct, that flexibility to some extent is 
overrated and should not be written into building legislation. However, 
from the dweller’s perspective, flexible design enables living spaces to 
achieve greater flexibility and adaptability, thus supporting the widest 
possible range of lifestyles and life stages for those who own and live in 
the spaces. From the broader demographic perspective, one of the big-
gest challenges for Auckland is that the population may reach two mil-
lion by 2033.26 As this multicultural society grows, flexible housing could 
be one solution to the predicament, and, like Universal Design, can meet 
the needs of different people of all ages and life stages, to ensure they 
can enjoy living in Auckland. In conclusion, Flexible Housing is neither 
“the traditional English terraced house”, nor another “wrong prediction” 
for the future.  It is a positive response to peoples’ varied needs.

Hence, the flexible housing design strategy of this paper is people-orient-
ed, particularly for the growing needs of residents in the current Auck-
land situation and in the future. Relevant principles will be referenced, 
for example, the Universal Design standard and the Lifetime Homes 
standard, most of which have been repeated practice and are widely ap-
proved. With the aid of these principles and standards, some impractical 
26　Statistics New Zealand, Subnational Population Projections: 2013(base)–2043 update. 
Available: http://www.stats.govt.nz/browse_for_stats/population/estimates_and_pro-
jections/SubnationalPopulationProjections_HOTP2013base-2043.aspx. Last accessed 18 
July 2017.

Fig.13 – Rethink the spaces in flexible housing.
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2.2 | MEDIUM DENSITY HOUSING

WHAT IS MEDIUM DENSITY HOUSING(MDH)?

Medium Density Housing (from now on referred to as MDH) has been a 
controversial term ever since its conception. The New Zealand Ministry of 
the Environment defines MDH as: “multi-unit developments with an aver-
age site area density of less than 350m2 per unit. It can include detached (or 
stand-alone), semi-detached (or duplex), terraced or low rise apartments on 
either single sites or aggregated sites, or as part of larger master planned 
developments.”27 However, there are other frequently-used requirements 
for defining MDH, such as the Dwellings per Hectare(from now on referred 
to as DPH) being between 33-66,28 which has been traditionally used in 
Australia and New Zealand. In recent years, the Floor Area Ratio, or FSR- 
Floor Space Ratio(from now on referred to as FAR) is argued to be “a more 
balanced indicator of density. It is more abstract and generic…Density 
shouldn’t be affected by debates on users or zoning.”29 

This paper will not further discuss which index or indicator is better to as-
sess MDH, because these indicators emphasize different aspects: DPH focus-
es on the number of houses, while the other two focus on total floor areas. 
It is objective to evaluate from different aspects, so in this paper, all three 
indicators will be used as tools to assess or develop MDH designs.

27　New Zealand Ministry for the Environment Manatū Mō Te Taiao, Medium-density Hous-
ing: Case Study Assessment Methodology (New Zealand Ministry for the Environment, updat-
ed in Jan 2012). 2.
28　David Turner, John Hewitt, Cesar Wagner, Bin Su, Kathryn Davies, A report on Best 
practice in medium density housing- design for Housing New Zealand Corporation (Unitec New 
Zealand, September 2004). 22.
29　A+t Research Group, Why Density? (Spain: a+t architecture publishers, 2015), 55.

“wrong predictions” could be prevented.

Fig.13 – Rethink the spaces in flexible housing.
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CURRENT STATE OF MDH IN AUCKLAND

According to the report from BRANZ in 2016, “currently about 20% of all 
dwelling units in New Zealand are MDH. This is highest in Auckland at 
30%... We expect these percentages to increase by about 10% over the next 
few years.”30 This fact could be a combined result of the rising and ageing 
population, urban sprawl and housing affordability. However, one prima-
ry motivation behind the result is the new planning zones defined by the 
Auckland Unitary Plan in the second half of 2016. The city-wide new zoning 
includes significant new areas of a Mixed Housing Urban Zone. Detached 
and semi-detached housing, terraced or low-rise apartments are recom-
mended by the council as the typical MDH typologies.

Hence, MDH, which was formerly known as “the Missing Middle”, has im-
mense potential to enter the mainstream of newly built housing typologies 
in the next few years. More “leafy” new urban housing like Hobsonville 
Point will be established. However, from an earlier analysis of BRANZ, in 
the year 2015 many MDH projects were small scale (see Fig.14): “Projects 
with 10 or fewer units account for almost 50% of all new multi-units – 
about 4,000 dwelling units per year.”31 Also, due to the new Auckland Uni-
tary Plan, a smaller lot size, a minimum of 375m2 per site, and a smaller 
unit- minimum size of 45m2 for a one-bedroom apartment is permissible. 
MDH in Auckland is now encouraged at a lower starting point with a high-
er potential. MDH projects need to vary in scales and forms, with differ-
ent building typologies and interior layouts for different users. Thus older 
people, children, singles, and couples could be serviced with good quality 

30　Ian Page, Build 154: Housing-Achieving a happy medium: Growth in MDH (BRANZ, June 
2016). 48.
31　Ibid., 48.

homes that meet their needs, preferences and budgets.
 

MDH in Auckland is also encountering some challenges, the first of 
which public perception. Traditionally, the “Quarter Acre Dream” rep-
resented the ideal Kiwi lifestyle and as a result, people are reluctant to 
accept MDH as a form of property development across society. The sec-
ond is the current Building Code; for example, the NZS 3604:2011 for 
timber-framed buildings only covers the design and construction for up 
to two and a half storeys. If beyond this range, it needs to be specific 
and may have other construction requirements (such as fire or acoustics). 
Moreover, it is also a challenge for the traditional single-house builders.32

32　Ibid., 48.

Fig.14 – Units per building consent during 2015
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When challenges and opportunities coexist, one thing is certain, that 
MDH is a good method to solve the problem of affordability, population 
growth, the housing crisis, increasing population density, and land short-
age. It is necessary, therefore, to act strategically to promote more and 
better design outcomes for MDH. One vision of this paper is to propose a 
reference model for MDH development in Auckland.

PRECEDENTS OF MDH 

1. Hobsonville Point, Auckland, New Zealand

Hobsonville Point is a well-known areas in Auckland that was specifically 
designed as a medium density suburb. The philosophy of the development is 
to emphasize the importance of the community and to give the master plan 
the priority, instead of letting it grow organically like traditional towns in 
New Zealand.

According to this philosophy, before moving in, the ‘tangible’ facilities 
and amenities like roads, schools, a community hall, shops and cafes were 
well-planned. Within this framework, medium density houses need to be 
purpose-built to the right scale and located in the right places by different 
developers. In this way the density of the whole area can be controlled and 
a variety of housing forms achieved.

However, the challenge is that when section size comes down, housing den-
sity goes up, so can the ‘intangible’ sense of community be created to com-
pensate for the physical spaces the occupants have lost?

Under the guidance of Buckley Hobsonville CDP (Comprehensive Develop-
ment Plans), one of the important streets in the masterplan, Buckley Ave, 
was designed to be a key pedestrian route, and “it’s wide corridor will serve 
as a community space for informal recreation, while connecting several 
community hubs.”33  

33　Auckland Design Manual, Bucking the trend-Green corridors connect new and old (Auck-
land Council, 2016). 2.

Fig.15 – Buckley Ave in Hobsonwille Point, Auckland
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Fig.16 – Typical MDH planning in Hobsonville Point, from the Auckland City Council GIS. 
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Looking more closely at the street, some design strategies were employed 
to create a safe and pleasant environment for people. Roadside build-
ings were set back, and with a wider berm the street was given a park-
like character; Landscape heritage features and original species of trees 
and vegetation were retained. By this means, the street has been turned 
into a “Green Corridor”, which links different dense areas to the coast-
al walkway. These strategies are simple but provide an effective way 
to solve the problem - when higher overall density is inevitable, public 
spaces like streets or parks should be optimized or designed carefully for 
a livable residential area. This, from a broader perspective improves the 
sense of community.

2. Accordia, Cambridge, United Kingdom

Accordia is an award winning large-scale MDH project in the UK, de-
signed by three of the UK’s most highly regarded architects. On a 
9.5-hectare site, 378 dwellings are distributed in three dense groups 
with an average density of 45 dwellings per hectare. Housing typologies 
include a variety of innovative forms, ranging from three to five bed-
roomed terrace or courtyard houses (floor areas range from 90-350m2) 
to one to three bedrooms set-piece apartments (floor areas range from 
45-145m2). 

Many design issues are worthy of further study in this model MDH pro-
ject. Firstly, diverse types of houses are located in reasonable locations 
within the site. Some terrace houses are designed to be compact and 
used as multi-tenancy housing for an affordable rent. Therefore, these 
terrace houses contribute to the 30% affordable ratio for the entire site. 
Secondly, the forms of the housing are not merely determined by the 

Fig.17 – Accordia, Cambridge. Relationship of the private, semi-private and public spaces. 

Fig.19 – Accordia, Cambridge. 
Private courtyard.

Fig.18 – Accordia, Cambridge. 
Masterplan by Alison Brooks Architects.
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area boundaries they belong to, or the scale and size of the open spaces, 
but are also decided by the solar orientation. The orientation of each house 
has been well-designed. Last but not least, the main concept of this project 
is, “living in a large garden”.34  It seems that is about how to create a con-
nection between the open green spaces and private courtyards or balconies 
to improve the dwellers’ visual and living quality. The implementation of 
the concept practically interprets: how the different private zones (public, 
semi-public, private) can be organised and how they interact with each 
other, meanwhile remaining relatively private. It is a good response to the 
question that if the density increases, how can privacy be controlled in an 
MDH project?

3. SouthChase, Newhall, Harlow, United Kingdom

SouthChase is also an award-winning MDH project located in the UK. The 
radical innovation of this project is that it is based on a two bedroom, 
two-storey housing module, which is 78m2 with a 4.45-metre-frontage. A 
variety of housing typologies, ranging from two - to four-bedroom houses, 
can be evolved by adding more side extensions to the basic module. 

With the help of the basic module and its extensions, different typologies 
can be combined to suit the specific needs of the various locations on the 
site. Moreover, some particular designed architectural elements have been 
used to promote dynamism to avoid an association with traditional terrace 
housing. Another advantage of this standardised module and element con-
cept is that the cost of construction can be cut down, and materials can be 
saved. Therefore, affordability can be improved for customers. 

34　David Levitt, The Housing Design Handbook-A Guide to Good Practice (London & New 
York: Routledge,2010), 56.

Fig.20 – Modular concept of the South-
Chase, Newhall project.
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2.3 | PREFAB HOUSING

WHAT IS PREFAB AND WHY?

Prefabrication, also commonly known as prefab or off-site construction, is a 
process that finishes entire buildings or substantial parts of buildings under-
cover and off-site before being assembled on site. Prefab has been classified 
into five categories: Component, Panel (also known as Panelized System), 
Module (Modular System), Hybrid (Panel + Module), and Complete Build-
ing (or Movable/Transportable Building). Compared to traditional on-site 
building methods, the advantages of prefab include a better quality because 
of precise construction. Therefore, it is cost-effective, efficient, and greater 
sustainability can be achieved.

‘Fast’ and ‘cost saving’ are the two essential labels for prefab, and are the 
main concerns of the public and the media. Pamela Bell, CEO of Prefab-
NZ, -states: “the building of a 157m2 prefab home can deliver 15 per cent 
cost reduction over a traditional build on-site.”35 Based on this, it would be 
cost-effective if a medium- or large-scale housing development in Auckland 
shifted from the traditional on-site construction to a prefab method.

Hence, prefab can help to improve housing affordability. Social Housing 
Minister Paula Bennett, -said that: “officials were negotiating lease arrange-
ments for three sites in South Auckland that could eventually take between 
100 and 140 modular social houses... most of the homes will be one or two 
bedrooms…The quality is outstanding, some of (the modular homes) could 
35　Alan Woods, Prefab-ulous cost savings. Available: http://www.stuff.co.nz/business/in-
dustries/9. Last accessed 09 August 2017.

be around in 25 years.”36

Recently, a time lapse video recorded by the NZ Herald showed how 
Fletcher Living built two new residential duplexes worth nearly $2 mil-
lion in four days with prefabricated techniques (see next page). Steve 
Evans, the builder of the two houses, said: “Auckland houses usually 
take six to nine months to build. One day was Fletcher Living’s aim but 
building such a substantial duplex in four days was a significant achieve-
ment.”37   

According to the discussion in the previous chapters, prefab is a viable 
solution to solve the dilemma of productivity and affordability in Auck-
land. Prefab also has multifaceted ways to provide diverse types of com-
pact housing solutions that solve the need for livable space. However, 
prefab has its constraints and limits, which will be discussed later on in 
this chapter.

36　RNZ, South Auckland to get modular social housing. Available: http://www.radionz.
co.nz/news/political/308493/south-auckland-to-get-modular-social-housing. Last ac-
cessed 09 August 2017.
37　Anne Gibson, Watch: How an Auckland duplex was built in four days. Available: 
http://www.nzherald.co.nz/business/news/article.cfm?c_id=3&objectid=11911040. Last 
accessed 06 September 2017.
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store the panels.

DAY 04

DAY 01
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PREFAB IN THE PAST AND NOW

The earliest architectural prefab building was recorded in 1624. Houses 
were prepared in England and sent to various locations worldwide be-
cause of Great Britain’s global colonisation.38 Prefab housing in New Zea-
land also began in the same era, and for the similar reasons- the 1833 
Waitangi Treaty House was originally built in Australia, and the first 
Government House, built in 1842, was prefabricated in London .39   

In the next few decades, prefab housing in New Zealand historically 
experienced two boom periods. The first one began in the 1880s, when 
the NZ Railways Department became the first and the largest producer 
of prefab housing. The second one, started around the 1940s due to the 
World War and the beginning of the State Housing Programme, which 
saw over 30,000 state houses being built from 1935-1949. By 1978, over 
100,000 state houses had been built nationwide.40 Many of these houses 
utilised pattern-book design method. Standard components like pre-cut 
framing or unlined wall panels were prefabricated by unskilled labour 
in timber factories and finally transported to site. Even today, many New 
Zealanders still living in the old state houses, which have witnessed the 
changing lifestyle of Kiwis. The State Housing Programme is undoubted-
ly the largest and the most successful public housing project to have tak-
en place in New Zealand. During the programme, there were attempts 
to make full use of two advantages of the prefab system - ‘fast’ and ‘cost 

38　A. Arieff and B. Burkhart, Prefab. (Layton: Gibbs Smith, 2002). 13.
39　Nigel Isaacs, House assembly -prefabrication and factory manufacture (BRANZ, Build, 
October/November 2008). 94.
40　Bill Mckay & Andrea Stevens, Beyond the state-New Zealand State Houses From Mod-
est to Modern (New Zealand: Penguin Books Ltd,2014). 11.

saving’. In many cases, the framing or trusses components as well as most 
of the joinery- windows and doors, were prefabricated off-site and taken to 
site for assembly. 

Various forms of prefab state houses were used in the programme as a prac-
tices, but some failed. For example, local pre-cut houses did not prove sig-
nificantly cheaper by being built on site, so only a small number of houses 
were constructed. Nowadays, some people believe that the state house is 
outdated because it was designed for one specific user group, the nuclear 
family. However, as Barry Bergdoll commented about prefabrication in his 
essay: “It is too wasteful to discard the lessons of over a century of exper-
imentation…”41 We can learn not only from success but also from failure. 
Hence, the existing state houses will be used as referenced models in the 
following section to explore what imperfections can be corrected to design 
the final prototype.

With the aid of the rapid development of construction technology in recent 
years, there are several forms of prefab systems now available in New Zea-
land. These are: 

The Panelized System

The panelized system has been widely used in residential buildings as roofs, 
floors and walls. It can also be in combination with modular system to form 
a hybrid system. The panelized system is often manufactured in a factory, 
then assembled by trained installers on site when the foundations and ser-
vices are ready. 

41　Pamela Bell & Mark Southcombe, Kiwi Prefab- Cottage to cutting edge (Auckland: Ba-
lasoglou Books, 2012), 17.
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In all panelized systems, the first element is the metal panel, it is more 
commonly used in commercial buildings, due to its light weight, lower 
price, and rapid assembly, many residential projects have started using it. 
An example is the Fridge House in Nelson, designed by Irving Smith Jack 
Architects. The next is SIPs, also known as the ‘Timber Structural Insulat-
ed Panel’, which has been widely used in Europe and the Americas for 50 
years, though it is still relatively new to New Zealand. One reason for this is 
that the New Zealand Building Code currently limits the exterior use of SIPs 
to two-storey buildings.42 Precast concrete panels have excellent strength 
and insulating performance. However only 1% of precast concrete panels 
have been used for residential construction in New Zealand.43 Compressed 
wood and solid wood panels are more common in residential projects. This 
is also because of the Building Code requirements, as extra acoustic and fire 
protection works need to be added to both the internal and external wall 
panels. Besides, electrical services and plumbing fixtures need to be con-
cealed by cabinetry in surface-mounted conduits.

CLT(Cross laminated timber) panel is a product developed from solid wood 
panel with the help of new techniques (such as CNC and BIM), but it is 
stronger and thinner (minimum 50mm) than solid wood, and can achieve 
a longer span (up to 15.3 × 3.2m). Furthermore, it is multifunctional and 
can be used as a load-bearing structure, or for roofs, floors and walls. The 
recently finished 10-storeys Forté apartments in Melbourne are so far the 
tallest CLT building in the world.44 There are no barriers in the New Zea-
land Building Code for the use of CLT for lower residential buildings (up to 

42　Angela Eglinton, Plus side of prefab panels (BRANZ, Build, June/July 2013). 81.
43　Ibid., 81.
44　Nick Helm, Timber reaches new heights (BRANZ, Build, April/May 2013). 40.

three-storeys), CLT even has a better fire resistant component compared 
to stick timber construction. However, it also has disadvantages, other 
materials are required to provide a weatherproof envelope for CLT, and 

Fig. 22 – Comparison of the Panelized and Modular prefabrication systems.
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accurate foundations or slabs need to be set out before installation.

The Modular System

The modular system refers to the prefabricated three-dimensional vol-
umes, units or pods. The early modular system in New Zealand stretches 
back to the 1980s with the development of bathroom modules.45 The 
modular system has notable superiority for a project if a considerable 
number of similar units are needed. Thus, nowadays, it has been used in 
many student accommodations and in hotels, classrooms, hospitals and 
residential buildings in New Zealand. A recent example was The Univer-
sity of Auckland’s student accommodation (Elam Hall) project, built with 
a total of 468 prefabricated modular pods by Stanley.

However, there is a misconception that the modular system is nothing 
more than repetitive and monotonous prefabricated boxes. Also, com-
pared to the panelized system, the dimension of the modular system are 
restricted by site accessibility. Meanwhile, there must be enough space 
for a large crane to operate.

The Hybrid Module + Panel System

The complete building confronts the same problems as the modular sys-
tem or has even more requirements for the site. On the other hand, the 
hybrid module + panel system has received increasing attention because 
it integrates the advantages of both the modular and the panelized sys-

45　Angela Eglinton, Modular building–a model method (BRANZ, Build, August/Septem-
ber 2013). 71.

Fig.23 – The Elam hall in Auckland by Stanley.
Prefab modular pods were assembled with a variety of panels
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Fig.24 – Construction process of the First Light hybrid module + panel system.

Fig.25 – Transportable house designed and prefrabricted by Unitec.

tems. The Meridian First Light house in New Zealand, the Loblolly House 
and the Cellophane House designed by US architects Stephen Kieran and 
James Timberlake, are all successful cases demonstrating that the prefab 
system can also be used for a bespoke design. More importantly, especially 
for the scope of this paper, the hybrid system is capable of achieving high-
er flexibility and diversity through different combinations of modules and 
panels than other prefab methods. However, more research and further 

prototypes are needed to test whether this system can meet the changing 
housing demands in Auckland.

Dimension limits of prefabrication

There is almost no size limit for manufacturing volumetric prefabricated 
components. However, according to the NZTA regulations in Auckland, 
a cargo with the dimension of up to 4.25m high, 3.1m wide, and 18m in 
length is permitted to be transported on the road. Practically, the legitimate 
transportable dimension can be up to 7m width in some suburban areas. 
This means a two to three bedroom complete house can be prefabricated in 
a factory and transported to site(see photos on the right). 
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When talking about New Zealand housing history, it is nearly impossible not to mention the 
state house. It is a symbol of a growing country, and has recorded the changing lifestyle of New 
Zealanders. Although most state houses were purposely built for the ‘nuclear family’ from a 
certain background, there are still plenty of people today living in them. The aim of this study 
is to find out what lifestyle changes have ocurred and how the state house has been retrofitted 
to respond to the changes. 

13 existing state house cases have been selected and paired with the original plans (before) and 
those after adjustments (after). Internal programmes, gross floor area (GFA), and the width to 
depth ratio (W/D) are shown.

3.1 STATE HOUSE

13



STATE HOUSE DESIGN PROTOTYPE

WHY NEED THIS STUDY?

Nuclear family

Small and compact

Housing shortage crisis

For affordable purchasing or rent

Standardized, non-site-specific design

Some prefabricated components

 Has been adjusted in terms of
changing lifestyles

Small family

Medium density

Increasing population

For affordable purchasing or rent

Standardized, site-specific design

Prefab hybrid method

Can be adjusted to changing needs 

USER

DIMENSION

NEED FOR PRODUCTIVITY

NEED FOR AFFORDABILITY

DESIGN METHOD

CONSTRUCTION METHOD

SIGNIFICANCE TO FLEXIBILITY

0413. PRECEDENT REVIEW |



North

B1

L KT

B2

LD

BT

S

E

North

L

KT

B2

LDBT

S

E
E

B1

L

KT

B2

ST

LDBT

S

E

North

B1

L

L

DN

KT

B2

LD

BT

WCS

S

S

S E

E

North

B1

L

L

DN

KT

B2
BT

WC

S

E

E

North

B1

L

B3

DN

KT

B2

LD

BTWC

S
S

S

S E

E

042

Type: Detached State House
GFA: G:85m2

W/D Ratio(G): 9m/10m=0.9
Source: Housing NZ no.646

Type: Detached State House
GFA: G:117m2

W/D Ratio(G): 10.5m/12m=0.9
Source: Housing NZ no.638

Type: Detached State House
GFA: G:120m2

W/D Ratio(G): 12m/11m=1.1
Source: Housing NZ no.124

Type: Detached State House
GFA: G:86m2

W/D Ratio(G): 11m/8m=1.4
Source: Housing NZ no.6E-1300

Type: Detached State House
GFA: G:60m2

W/D Ratio(G): 9m/7m=1.3
Source: Housing NZ no.84-8

Type: Detached House
GFA: New:60m2

W/D Ratio(New): 9m/7m=1.3
Source: Housing NZ no.84-8
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002     Before | After

004     Before | After

001     Before | After
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Type: Detached State House
GFA: G:86m2

W/D Ratio(G): 9m/10m=0.9
Source: Housing NZ no.670

Type: Detached State House
GFA: G:86m2

W/D Ratio(G): 9m/10m=0.9
Source: Housing NZ no.670

Type: Detached House
GFA: G: 142m2 / F: 50m2

W/D Ratio(G): 10m/19m=0.5
Source: Housing NZ no.6-899

Type: Detached State House
GFA: G:96m2

W/D Ratio(G): 9m/11m=0.8
Source: Housing NZ no.6-899

007     Before

008                 | After

007                | After
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Type: Detached State House
GFA: G:91m2

W/D Ratio(G): 8.5m/11m=0.8
Source: Housing NZ no.896

Type: Detached House
GFA: G: 105m2

W/D Ratio(G): 11m/11m=1
Source: Housing NZ no.896

006     Before

006                | After
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Type: Detached State House
GFA: G:86m2

W/D Ratio(G): 11.5m/8m=1.4
Source: Housing NZ no.6-1073

Type: Detached State House
GFA: G:90m2

W/D Ratio(G): 11m/9m=1.2
Source: Housing NZ no.1313

Type: Detached State House
GFA: G:83m2

W/D Ratio(G): 8m/11m=0.7
Source: Housing NZ no.715

Type: Detached House
GFA: N: 108m2 / S: 30m2

W/D Ratio(N): 14m/8m=1.8
Source: Housing NZ no.6-1073

Type: Detached House
GFA: New:142m2

W/D Ratio(New): 16m/12m=1.3
Source: Housing NZ no.1313

Type: Detached House
GFA: Old:86m2 / New:73m2

W/D Ratio(New): 10m/8m=1.3
Source: Housing NZ no.715

009     Before

010     Before 011     Before

009                | After

010                 | After 011                | After
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Type: Detached State House
GFA: G:91m2

W/D Ratio(G): 11m/10m=1.1
Source: Housing NZ no.594

Type: Detached House
GFA: G: 140m2

W/D Ratio(G): 19m/10m=1.9
Source: Housing NZ no.594
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B1

L

DN

KT
B2

LD BT

S

SS

S

E

E

Type: Detached State House
GFA: G:84m2

W/D Ratio(G): 11m/8m=1.4
Source: Housing NZ no.6B-872

Type: Detached House
GFA: New:G: 60m2 / F:109m2

W/D Ratio(F): 13m/13m=1
Source: Housing NZ no.6B-872
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HOW THE USERS 
RETROFITTED THEIR STATE HOUSES

046

STUDY OUTCOME

From the ‘before’ plans above, the common width of the original state house is 9-11 metres, while the depth accords to how many bed-
rooms are included: 8-9 metres for a two-bedroom or 9-10 metres for a three-bedroom state house. For better orientation, the wider side 
of the house normally faces north, while the main entry (porch) is to the south, with secondary entry links to the kitchen or laundry. 

The diagram below shows how the occupants retrofitted their original state house to meet individual modern needs. The interior layout 
of 11 out of 13 cases have been changed – this indicates that the traditional ‘scattered spaces’ are no longer suitable for contemporary 
lifestyles.

2 cases     

Built an
Extension

1 cases     

Built a
basement

11 cases     

Rearranged
internal space

4 cases     

Attached 
a new building
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Compared to modern housing, the state house has limitations in that it reflects 
its specific era. Hence, more contemporary MDH cases need to be studied, as 
the synthesized data and a summary from both cases will help to shape the 
silhouette of the final design. The following 19 MDH cases are divided into 
three categories: detached house, semi-detached house, and attached house/
terrace. Most of these were recommended by the Auckland City Council and 
published in the Auckland Design Manual(ADM) under the case study category 
of ‘Housing- Medium Density’.*

3.2 MEDIUM DENSITY HOUSE

19

* Auckland Design Manual, Housing-Medium Density, case study. (Auckland Council, 2016). 
Available: http://www.aucklanddesignmanual.co.nz/resources/case-studies. 
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Type: Detached House
GFA: G:106m2 / F: 70m2
W/D Ratio(G): 14m/9m=1.6
Source: ADM Recommanded

019    4B | 176M2

GFA (Gross Floor Area) 
Measured to outside face of external clad-
ding and to centre line of IT walls. Stair 
voids, deck and courtyard, terrace not in-
cluded in GFA. 

Number of bedrooms
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MDH DETACHED HOUSE

The detached house, also known as the ‘stand-
alone house’, is a popular housing typology in New 
Zealand, usually representeds in low density areas. 
However, when this housing type was faced with 
constraints by the requirement for higher densi-
ty housing, more responsive forms were created, 
such as the Zero lot line houses and the Courtyard 
Houses.
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Type: Detached Courtyard House
GFA: G:110m2 / F: 112m2

W/D Ratio(G): 15m/9.6m=1.6
Source: ADM Recommanded

Type: Detached Courtyard House
W/D Ratio(G): West: 15m/9m=1.7 | East: 7m/9m=0.8
GFA: West:137m2 | East: 61m2

Source: ADM Recommanded

Type: Detached Courtyard House
GFA: G:128m2

Source: ADM Recommanded
W/D Ratio(G): 17m/10m=1.7
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North

B1 B3

B4B2

ST

BT BT

S S S

L L

DN

KT

WC S

CP1

E
CY

North

B1

L

L

B3 B4

DN KT

WK

B2

BT

BT

WC

S

S

S

S

S

DE

CP1

CY

North

B1

L

B3

DN

KT B2
LD

BT

BT

S

S

S

E

CY

049

Ground Floor 1st Floor
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MDH SEMI-DETACHED HOUSE

The semi-detached house is a paired form hous-
ing type, and is usually located in the suburbs. 
In the new Unitary Plan, this form is one of the 
suggested housing types under the Mixed Hous-
ing Suburban Zone. This type is generally larger 
than terraced houses, has more green spaces, 
and can be converted into flats or independent 
houses.

Type: Semi-detached House
GFA: G: 78m2 / F: 54m2

Source: ADM Recommanded,Danedong, AU
W/D Ratio(G): 11m/8m=1.4

020      4B | 132M2

Type: Semi-detached 
GFA: G: 61m2

W/D Ratio(G): 10m/8m=1.25
Source: ADM Recommanded, 
HouseDanedong, AU
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Type: Semi-detached Terrace
GFA: G:96m2 / F: 68m2

W/D Ratio(G): 8m/14m=0.57
Source: ADM Recommanded
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Type: Semi-detached 
GFA: G: 61m2

W/D Ratio(G): 10m/8m=1.25
Source: ADM Recommanded, 
HouseDanedong, AU
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Type: Semi-detached Terrace (Corner)
GFA: G: 96m2 / F: 105m2

Source: Buckley, Hobsonville
W/D Ratio(G): 8m/18m=0.4

Type: Semi-detached Courtyard Terrace
GFA: G: 95m2 / F: 96m2

Source: Buckley, Hobsonville
W/D Ratio(G): 8m/18m=0.4

Type: Semi-detached Terrace
GFA: G:106m2 / F: 85m2

W/D Ratio(G): 16m/8m=2
Source: Lester, Hobsonville

022     4B | 201M2

023     4B | 191M2

024    4B | 191M2
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MDH ATTACHED HOUSE/
TERRACE

The attached house or terrace house is charac-
terized by its two shared (party) walls. Within 
the scope of this paper, this housing type is up 
to three stories. Another feature of this house is 
that the narrow sides usually facing open spac-
es where natural light can come in. As with the 
semi-detached house, it can also be sub-divided 
into several individual flats with, independent 
entries but shared driveways or accessways. The 
private garden of this housing type is usually in 
the rear, while the front is to the road. There is 
a distance limit between the back-to-back of the 
terrace houses.
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Type: Attached Courtyard Terrace
GFA: G:121m2

W/D Ratio(G): 16m/13m=1.2
Source: ADM Recommanded, 
            Seatoun, Wellington

025     2B | 121M2

Type: Attached Terrace
GFA: G:69m2 / F: 72m2

W/D Ratio(G): 6m/12m=0.5
Source: ADM Recommanded
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Type: Attached Courtyard Terrace
GFA: G:121m2

W/D Ratio(G): 16m/13m=1.2
Source: ADM Recommanded, 
            Seatoun, Wellington
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Type: Attached Terrace 
GFA: G:50m2 / F: 52m2 / S: 52m2

W/D Ratio(G): 11m/4.5m=2.4
Source: Official MDH Case Study,
            The Altair, Wellington
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Type: Attached Terrace
GFA: G:51m2 / F: 37m2

W/D Ratio(G): 4.5m/12m=0.4
Source: ADM Recommanded,
Beaumont Quarter, Central AKL
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Type: Attached Courtyard Terrace
GFA: G:133m2 / F: 109m2

W/D Ratio(G): 17.5m/13m=1.3
Source: ADM Recommanded,
            Seatoun, Wellington
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Type: Attached Terrace
GFA: G:95m2 / F: 97m2

W/D Ratio(G): 6m/12m=0.5
Source: ADM Recommanded

027     5B | 192M2
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Type: Attached Terrace
GFA: G:47m2 / F: 43m2 / S: 35m2

W/D Ratio(G): 4.5m/11m=0.4
Source: ADM Recommanded,
Beaumont Quarter, Central AKL
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Type: Attached Terrace
GFA: G:36m2 / F: 35m2 / S: 34m2

W/D Ratio(G): 4m/9m=0.4
Source: ADM Recommanded,
Beaumont Quarter, Central AKL
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Type: Attached Terrace
GFA: G:48m2 / F: 48m2

W/D Ratio(G): 5m/11m=0.5
Source: ADM Recommanded,
Beaumont Quarter, Central AKL
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CONCLUSION

MDH typologies are also described as ‘the missing middle’. Apart from the sampled types in this research, there 
are a variety of MDH types on the market that have proved to be suitable for the modern Kiwi lifestyle. When 
compared to the selected original state houses, the retrofitted state houses and the modern MDH samples have the 
following characteristics:

1. Form and layout of the houses are less formal. However, the planning and orientation give priority to passive so-
lar gain. 
2. Generally, the number of floors, the GFA and the number of bedrooms have all been increased. Two stories and 
three or four bedrooms or three stories and four or five bedrooms are common in selected modern cases. 
3. Indoor public space tends to be open-plan. More openings (doors and windows) are used to connect indoor and 
outdoor spaces. The flexibility of the indoor space is increased, for example, such as two separate private spaces 
can be combined into one public space.
4. Most of the cases have an internal garage, which occupies an interior space of approximately 15-25m2.

Fig.58 - The Missing Middle- Medium Density Housing.
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The study of the housing plans offers a good reference to the 
prototypes of this project. But, how can these precedentspractically 
guide the design process? In housing design, the bubble diagramme 
is a tool that helps to decide the programme. More specifically, it 
is a method to visualize the relationship of function, dimension, 
proportion, the connection of spaces and so on. Therefore, 20 
of the 32 housing plans from the previous part were redrawn as 
bubble diagrammes. The results helped to define the strategy of 
preliminary design in the next chapter.

3.3 BUBBLE DIAGRAMME

20



BUBBLE DIAGRAMME LEGEND

Programme space                         
with physical boundary

Actual size 

Programme space                         
without physical boundary

RELATIONSHIP

Programme spaces made 
adjacent by wall connec-
tion

Programme spaces made 
adjacent by openings/doors

No physical boundary
between programme spaces
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HOW IT WORKS?
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BUBBLE DIAGRAMS OF 
THE 13 STATE HOUSE 
CASES

The 13 state house cases are labeled 
with the same number as their plans. 
From the ‘before’ bubble diagrammes, 
it can be seen that almost all interior 
programmes are connected with solid 
lines illustrating that these spaces are 
separated by physical doors. However, 
for the ‘after’ (after retrofitted) ones, 
the public spaces, such as the living, 
dining, and kitchen spaces, overlap 
with each other and are linked with 
dashed lines. Generally, the original 
state house is composed of several 
fragmented spaces, hence they lack 
flexibility for some minor adjustments 
after occupancy.
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022     4B | 201M2
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BUBBLE DIAGRAMME OF SEVEN MDH CASES

In addition to the differences in space connection, the ‘after’ and these seven 
contemporary MDH diagrammes show the preference of modern designers 
and users: the overall interior spaces are equally distributed among different 
programmes- the public, the private, circulation, garage spaces, and even the 
bathroom share the priority for space. It seems that the aforementioned char-
acteristics are contributing factors to why the size of a typical New Zealand 
house is continuously increasing. It is not only because people want more bed-
rooms but is also a result of unconscious needs.

027     5B | 192M2

028     3B | 154M2

North
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Based on the previous chapters, this part will focus on developing the flexible 
housing prototypes. A volumetric housing design usually starts from the floor 
plan, and the floor plan is about the arrangement of programmes.

I.
4.1 PROTOTYPES DESIGN TEST
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PROGRAM DESIGN

First, some necessary program components have been refined 
according to the cross characteristics of the 32 plans. In order 
to apply the design universally under different circumstances, 
some international housing space standards were referenced(-
see Fig.83). The developed components are the fixedness in the 
flexibility, therefore this defines the design boundary. Moreover, 
these components have the potential to become specific prefab 
modules, or part of the modules, or to be organized in various 
ways to form flexible housing.

Fig.83 - Comarison of space standards.

Fig.84 - Possible programme components.
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DESIGN THE WIDTH

Minimum width of
double bedroom 

Ideal width of
double bedroom 

Minimum width of
living room

Ideal width of
living room

Minimum width of
flexible living room+bedroom  

Flexible
partition wall  

Flexible
partition wall  

Minimum width of
flexible two bedrooms  

N

N N N

N

|  4. DESIGN



069

Flexible
partition wall  

Flexible
partition wall  

DETERMINING FACTORS

In the diagrammes on these two pages, the width of flexible hous-
ing is determined by the minimum requirement of bedroom or 
living spaces. However, the depth is decided by how many pro-
grammes are needed to line up in tandem. Daylight can only enter 
up to eight metres into the depth of interior space, which means 
that if the building is more than eight metres deep, double-sided 
lighting or other methods are necessary to introduce enough light 
into the core of the flexible house.

DESIGN THE DEPTH
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Staircase
Module

Sanitary
Module

Flexible SpaceFixed Service core

First FLoor

Ground FLoor

Sanitary
Module

Open Modules

Bedroom
Modules

Outdoor
Platform

PRELIMINARY DESIGN TEST 01

This is an attempt to employ the programme components as part of the modules. From the models above, the service and circulation modules are fixed first. 
Other spaces are further sub-divided into modules for public or private purpose. The models are two-storey houses, therefore most of the modules are two 
levels high.

Interior flexibility is also an important consideration. As shown in the plans on the next page, the partition walls in flexible spaces are designed to be mova-
ble storage ‘box-like’ furniture.
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SUMMARY

1. Although the interior spaces can be reconfigured to achieve 
a certain degree of flexibility, the two-storey modules lack flex-
ible possibilities of combinations to achieve a diversity of hous-
ing typology.

2. Technically, it is challenging and not feasible to join the 
modules together on site, not to mention the insulation issues. 
Besides, the modules are too large to be transported to some 
restricted sites.

Fixed service core      Fixed Circulation core          Flexible spaces core

10m2

12m2

3m2
4m2

7m2

9m2

1m2

10m2

2m2

6.4m2

11m2

13m2

4m2 4m2

1m2

7m2
9m2

2m2

10m2

6.4m2

5.7m2

11m2

10m2

4m2

10.5m2

7m2

30m2

10m2

9m2

11m2

2m2
4m2

6.4m2

3.7m2

6.0m2

10.5m2

1m2

10m2
14.5m2

15.6m2

1 2 3 4 5M0

Ground Floor

Layout A

Layout B1st Floor
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Type. B

Type. A

Type. C
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B.

B.

A.

A.

C.

C.

C.

C.

PRELIMINARY DESIGN TEST 02

Another attempt was made in this test. Three types of independent modules were developed. Each module is a habitable two to three- storey compact 
residential building, which can be combined with another module/ other modules to become a larger house to accommodate large families.
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B.
6mx10m

A.1
6mx13m A.2

6mx13m

C.
9mx10m

SUMMARY

Compared to the previous test, the models in this test show 
that technically this method is more feasible but logistics 
are still the problem. The three modules have a limited 
number of possibile combinations, even with mirroring, or 
of adjustment to different orientations. These three models 
cannot be used as a site-specific design tool adapting to 
various site conditions. The lack of diversity also results in 
a monotonous building façade.
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PRELIMINARY DESIGN TEST 03

The modular concept was continuously developed in this test; however the di-
mensions of the modules were reduced to improve the possibility of combinations. 
More modules can be joined together to form a house type or a group of dwellings. 
Another concern at this stage is to achieve a duplex or a triplex vertically within 
one building. Thus, several solutions for circulation were experimented with.
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01

02

03

04

05

06
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Two-storey Unit

Flexible space Flexible space

Ground 
Unit

Upper
Unit

External
Circulation
03.

External
Circulation
02.Internal

Circulation

Internal
Circulation

External
Circulation
01.

07

Scheme A.

Five standardized modules were created. Possible location of staircase is marked on the floor plans, therefore the modules 
can be arranged in many directions, which contributes to greater flexibility.
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Module A.
58M2

Module B.
43M2

Module C.
17M2

Module D.
7M2

Ground 
Unit

Upper
Unit

Ground 
Unit

Upper
Unit

Scheme B.

Four modules were developed in this 
scheme. Dimensions of the modules 
are marked.
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4M

4M

8M

2M

6M

3M

6M

6M

INDUSTRIAL 
MANUFACTURING

TRANSPORTATION
Standardized Unit

Module C.

Module B.

Module A.

Module D.

079

STANDARDIZED UNIT

The dimensions of the four modules from scheme B 
are modified in terms of industrial manufacturing 
preference and transportation limitations. The mod-
ules all consist of a standardized volumetric unit 
made of timber. In this way, not only can materials 
be saved, but the productivity of the production 
mold can also be improved, which would shorten the 
manufacturing cycle, reduce costs and improve the 
affordability of the final housing product. Moreo-
ver, the transport difficulty is alleviated because the 
modules can be disassembled to fit on transportable 
units.

2M

3M

NZ Preferred range of call dimensions for timber
Width(mm) 50,75,100,125,150,200,225,250,300...
Length(m) 1800,2100,2400,2700,3000,3300...

*Standards NZ 3601 (1973)

NZ Land Transport Limits 
(without permit):
Height: 4.250m  
Width: 2.500m 
Length: 18.00m 

ISO 40’ Containers
Height: 12.030m
Width: 2.350m
Length: 12.030m
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HOUSING TYPOLOGIES DESIGN TEST 

A feasibility study was conducted to test some possible housing typologies that 
combine four modules. Three types were completed and are shown on the next 
page, one of which (Type III) is shown in a three-dimensional perspective. To test 
the capacity of the modules, all types are three level houses. Each level is assigned 
to a family and shares a public staircase, which is located in the southwest of the 
building. Furthermore, each level in all types has a reserved location in a module 
for the ‘flexible staircase’, which has been prepared in advance during the manu-
facturing process. A two or three-level internal staircase can be added after occu-
pancy if the user owns the levels and want to turn his property to a private duplex 
or triplex.
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NFA:88m²

NFA:87m²

NFA:64m²

NFA:151m²

+

+

NFA:175m²
Fixed Public Staircase

+

GFA:288m²

Triplex  
alternatives

Outdoor spaces

Flexible spaces

Flexible Staircase

Duplex  
alternatives 02

Ground Flat

1st Flat

2nd Flat

Second Floor

First Floor

Ground Floor

HOUSING TYPE III DISASSEMBLED DIAGRAMME
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Although the capacity to adapt to different sites is one characteristic of flexible 
housing, the test on a real site is an essential step to provide adequate evidence 
to prove the feasibility and flexibility of the prototypes. Hence, a site in Flat 
Bush in Auckland was selected. It is on 4.5-hectares of flat land located in the 
suburbs. One of the reasons for choosing this site is that according to the new 
Auckland Unitary Plan, this land has both Mixed Used Suburb Zone and Urban 
Zone. This brings the opportunity to test the outcome of this project in both 
zones.

4.2 SITE ANALYSIS / ON SITE TEST

II.
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A CHALLENGE SECTION

Firstly, a 6,400m2  section on the site was chosen for the in-
itial site test. It has total floor area of 6,400 square metres 
with narrow sides and is oriented to the north. It is actually 
a challenge section because not all buildings on it are able to 
achieve a good orientation. However, as mentioned before, 
many MDH projects in Auckland are small scale, therefore 
the chosen section is the right size to simulate the real cir-
cumstances. However, a small section is affordable for most 
developers, so this study has more referencing value for them. 
Finally, the top range of the MDH capacity on this section 
will be carried out. Three MDH indices (DPH, FAR or FSR, 
M²/DW) were used to evaluate different layouts and housing 
typologies. The outcome and principles will be used to re-de-
velop the entire site.

North

Fig.103 - Site context photo.
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PLAN A.     HIGH DENSITY

The first scheme was based on the existing lots. Like many others low densi-
ty housing planning in Auckland, this method can maximize the private land 
area for each dwelling. However, it lacks communal space. The MDH indices 
show that if all the buildings have three levels, and each storey belongs to an 
independent family, the overall density would be too high. The width of this 
land is narrow, thus limiting the use of the three building typologies, and most 
of the available dwellings are poorly oriented. There are also not enough park-
ing spaces for families. Nevertheless, the privacy and back-to-back distance 
between the dwellings is acceptable.

North

 01     5    10             20M 

0.68:1 145M2/DW

DPH FAR(FSR) M²/DW

MDH INDEXES
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LEGEND Medium Density
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PLAN B.     HIGH DENSITY

This plan maintained the MDH indices in plan A unchanged by utilizing 
the same number of buildings and the same average floor area. However, 
one new type of dwelling replaced some of the existing ones. Compared 
to plan A which has the same density, this layout provides more commu-
nal space, which also helps to solve the car parking problem. Privacy and 
distance between houses are good in this scheme but there are still some 
houses oriented in a poor direction.

North

 01     5    10             20M 
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PLAN C.     MEDIUM DENSITY

This plan is a simple but effective way to build dwellings with good ori-
entation, and all the three indices show that it is able to meet the MDH 
standards. Moreover, privacy and distance between buildings is good. The 
predicament, however, is how to put more dwellings on the site.

North
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PLAN D.     HIGH DENSITY

Using the same planning method, an extra row of buildings was added to 
the same area. This also brings problems however, as the overall density 
is too high, there is poor privacy, close distance between buildings, and 
a lack of communal and parking spaces.

0.77:1 127M2/DW

DPH FAR(FSR) M²/DW

MDH INDEXES

30DW/HA

66DW/HA

88DW/HA

0.4:1

1.0:1

150M2/DW

350M2/DW

LEGEND Medium Density

Low Density

High Density

North

 01     5    10             20M 

13M

12M

12M

|  4. DESIGN



091

PLAN E.     MEDIUM DENSITY

In this attempt, the various kinds of housing typologies were placed on 
site according to different directions, as in this way the dwellings can indi-
vidually adapt to their specific constrained land. The plan meets the MDH 
standards. At the same time, orientation, distance, and privacy between 
buildings, communal space and parking space are all acceptable.

North
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NFA:76m²

NFA:100m²

NFA:88m²
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NFA:88m²
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First Floor
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+
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+
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First Floor
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NFA:94m²
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First Floor
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+
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FURTHER ADJUSTMENT OF THE DENSITY BY ADDING MODULES
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CONCLUSION

The diagrammes on the left illustrate that some modules can be added 
onto the original three prototypes, thereby increasing the GFA of each 
building and finally affecting the FAR (FSR) index. These tests prove 
that the different modular housing typologies can be used as a site-spe-
cific design tool, and provides a solution for various site conditions. This  
will not only impact the overall density, but also control orientation and 
solar gain, public and parking spaces, distance and privacy between 
buildings, and so on. However, plan D explains the fact that increasing 
the number of dwellings is not a good method to impact the overall 
density because it will bring more problems. Instead, the use of mod-
ules associates with careful planning, is an effective way to affect densi-
ty. Lastly, the modules also allow the building to be flexibly adapted on 
site.

0.4:1

1.0:1

0.64:1

FAR(FSR)
  Before

FAR(FSR)
   After  

0.75:1

0.4:1

1.0:1

LEGEND Medium Density

Low Density

High Density
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5.1 FINAL DESIGN

Based on the design methods from previous chapters, the 
four basic modules and the standard unit have been fur-
ther developed in this stage. The starting point was to 
simplify these components to improve the feasibility of 
the project - the simpler they are, the less the trouble and 
the more combination possibilities. Next, five typical MDH 
typologies - detached, semi-detached, attached split level, 
attached staggered, and attached courtyard houses were 
designed to be adapted to the entire site. One type (Type 
I) was further used as the on-site assembly model. Finally, 
the site plan was evaluated using the three MDH indices.
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DEDUCTION PROCESS OF THE MODULES 

2.4m
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LESS IS MORE LESS IS                         MORESpace saving     (and) 
Labor saving
Material saveing
Easier assembly
Easier to transport
......

MODULES 

After further simplification

D

C

B

A

UNIT 

After  further standardization accord-
ing to industrial standards

3.6m 3.6m 3.6m3.6m

4.8m 4.8m

7.2m 7.2m
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DEPTH

WIDTH

4.8M 6M 7.2M 8.4M 9.6M 10.8M 12M
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14.4M

15.6M

16.8M

M2

POSSIBLE 
COMBINATION 
OF HOUSING 
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1.Detached House
  Three-storey, GFA: 95m2/unit 
  *good solar gain

2. Semi-Detached House
   Two-storey, GFA: 109m2/unit
    *with internal garages

3. Attached split level terrace
    Three-storey, GFA: 92m2/unit 
   *share outdoor space

4. Attached courtyard terrace
    Two-storey, GFA: 84m2/unit
   *with private courtyard

5. Attached staggered terrace
    Two-storey, GFA: 93m2/unit
   *with better outlook

Three Basic
Proportional Framework

MDH HOUSING TYPOLOGIES EVOLUTIONARY MAP

TYPE IV

TYPE V

TYPE I

TYPE III TYPE II

7.2m
12m

16.8m

14.4m

8.4m

6m
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4. Type III houses
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6. Site main entrance
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10. Public Parking
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North
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MDH INDICES

REFLECTION OF DESIGN STRATEGY

Five MDH typologies were developed to test the planning feasibility. However, from the indices above, the last one (M2/
DW) indicated that the site density was higher than normal. It reflects the planning strategy that the private outdoor space 
should be reduced, to increase the public green area and semi-public outdoor space. Potential buyers may be disappointed 
with having their private land taken away, When the overall housing density is increased, it challenges the occupant’s qual-
ity of life. However, it is also an opportunity to bring people closer. Hence, from an architectural point of view, in addition 
to maximizing the occupant’s private space, another method is to free up some communal spaces, then utilize these spaces 
to enhance the sense of community.

150M2/DW

350M2/DW

134M2/DW

DPH M²/DW

30DW/HA

66DW/HA

LEGEND Medium Density

Low Density

High Density

52DW/HA 0.69:1

FAR(FSR)

0.4:1

1.0:1
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TYPE I

Attached split level terrace

GFA(Gross Floor Area)
Ground Floor: 101m2

First Floor: 101m2

Second Floor: 75m2

Total GFA: 277m2

Avg. GFA: 92m2/unit

North

Ground Floor

1st Floor

2nd Floor

*GFA (Gross Floor Area) 
Measured to outside face of exter-
nal cladding and to centre line of IT 
walls. Stair voids, deck and court-
yard, terrace not included in GFA. 

Modules 
combination

MDH INDICES
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TYPE II

Attached staggered terrace

GFA(Gross Floor Area)
Ground Floor: 99m2

First Floor: 105m2

First Floor(Optional): 86m2

Total GFA: 185-204m2

Avg. GFA: 93-102m2/unit

North

Ground Floor

1st Floor

1st Floor(Optional)

*GFA (Gross Floor Area) 
Measured to outside face of exter-
nal cladding and to centre line of IT 
walls. Stair voids, deck and court-
yard, terrace not included in GFA. 

Modules 
combination
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TYPE III

Attached courtyard terrace

GFA(Gross Floor Area)
Ground Floor: 87m2

First Floor: 80m2

First Floor(Optional): 74m2

Total GFA: 161-167m2

Avg. GFA: 81-84m2/unit

North

Ground Floor 1st Floor 1st Floor(Optional)

*GFA (Gross Floor Area) 
Measured to outside face of exter-
nal cladding and to centre line of IT 
walls. Stair voids, deck and court-
yard, terrace not included in GFA. 

Modules 
combination
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TYPE IV

Detached House

GFA(Gross Floor Area)
Ground Floor: 101m2

First Floor: 95m2

Second Floor: 88m2

Total GFA: 284m2

Avg. GFA: 95m2/unit

North

Ground Floor

1st Floor

2st Floor

*GFA (Gross Floor Area) 
Measured to outside face of exter-
nal cladding and to centre line of IT 
walls. Stair voids, deck and court-
yard, terrace not included in GFA. 

Modules 
combination
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TYPE V

Semi-Detached House

GFA(Gross Floor Area)
Ground Floor: 108m2

First Floor: 110m2

Total GFA: 218m2

Avg. GFA: 109m2/unit

North

Ground Floor

1st Floor

*GFA (Gross Floor Area) 
Measured to outside face of exter-
nal cladding and to centre line of IT 
walls. Stair voids, deck and court-
yard, terrace not included in GFA. 

Modules 
combination
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TYPE I ON-SITE ASSEMBLY CONCEPT MODEL

GIB® Intertenancy 
Barrier panel

GIB® Intertenancy 
Barrier panel

Kitchen module

Site concrete 
foundation

Living room modules
with finished 
external cladding

Living room module

Bedroom+bathroom
(en-suite) module
(flexible partition wall)

Interior finished
after assembly

Staircase+laundry
+cylinder module
flexible partition wall)

1st floor panel, with 
space reserved for
flexible staircase

|  5. DESIGN OUTCOME



Fig.123 - Type I modules 
combination

Fig.124 - Type I 
ground floor plan
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TYPE I ON-SITE ASSEMBLY CONCEPT MODEL

Living room modules
with finished 
external cladding

Fig.125 - Cam Lock system-
assembling two modules together

ASSEMBLY INSTRUCTIONS

The flexible house can be either assembled onsite using 
the prefabricated volumetric modules or the Flat Pack 
panels ccording to the restrictions of the site, the logis-
tics, and storage requirements. The assembly method 
references some existing panelized systems on the New 
Zealand market, such as the Smart Panel, the Formance 
Panel, the Xlam CLT, and so on.
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6.1 | CONCLUSION

Auckland’s population growth and its changing household demographics 
are the driving force for more housing alternatives. A highly urbanised 
population has resulted in the inevitable demand for higher housing 
density. However, many medium density developments in Auckland only 
replicate and repackage the concept of the traditional detached house, 
which were once intended to be universal houses for everyone, but in 
fact, this mode has been unable to meet today’s and tomorrow’s housing 
needs. 

This paper is a response to the question of- how can different housing 
prototypes that can flexibly adapt to Auckland’s changing housing needs 
and increasing density be provided? The design prototypes are based 
on a research on the existing MDH precedents, and the changes in state 
houses. Although most MDH precedents have been recommended by the 
Auckland City Council, the case study’s resources cannot be a panacea. 
Moreover, the state house is a product of a particular era that has limited 
significance today. For this project however, it is still the most valuable 
reference tool compared to other historical housing typologies in New 
Zealand. For future study, more samplings are needed to increase the re-
liability of the analyzed data.

The design principles that have been developed in this paper could be 
adapted to a variety of sites with similar contexts. Nevertheless, the pur-
pose behind developing such principles is not to replicating the same 
housing typologies from one site to another, but to summarize some 
rules to generate a viable new site-specific design method. There is a 

great deal of variability between sites. In addition, in Auckland, steep ty-
pography is common. These issues will challenge the universality and flexi-
bility of the design principles. There are many reasons why Auckland needs 
flexible housing, but for the challenges, more feasible studies are needed to 
validate the applicability of this design outcome in different sites.

This paper proposes a housing alternative for the growing Auckland City, 
but people are always refusing to think outside the box; they tend to adhere 
to their own way of living. So, the increased housing density, the reduced 
area of private gardens, the introduction of communal space, and the re-
moval of garages from their properties is often resisted by occupants be-
cause these changes differ from their inherent ideology, even though they 
understand that higher density is unavoidable. Another perception is that 
prefab housing or MHD creates ‘box-like’, repetitive and monotonous build-
ings. When faced with these perceptions and a solidified ideology, more 
practical experiments need to be tried to meet people’s expectations.

The MDH indices are not mandatory standards to evaluate a project. In fact, 
many factors affect the success or failure of an MDH project. Recently, the 
NSW Department of Planning and Environment of Australia published the 
Draft Medium Density Design Guide, which provides standardization for 
MDH projects. Auckland needs similar criteria as well, otherwise architects 
and developers may take a long time to learn how to execute MDH projects.

Design is a problem-solving process that challenges existing boundaries. 
This paper proposes a housing solution to answer the research question ar-
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chitecturally. Housing needs are a complex issue involving aspects such as 
legislation, affordability, and other social factors. But success always starts 
from the first step, and this project provides an alternative for Auckland’s 
housing needs.
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