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Within present architectural discourse, there is 

universal concern that contemporary architectural 

processes efface the culture of indigenous communi-

ties, resulting in the homogenisation of architecture 

globally.

The imminent question therefore is; how can the 

assimilation of digital tools and indigenous culture be 

a catalyst to empower culturally embodied architecture 

that responds to our indigenous Māori identity and 

spirit, without falling into architectural homogeneity? 

Working in direct conjunction with Ngai Tāmanuhi-

ri Iwi (tribal group), on the poignant site, Te Kurī-a-

Pāoa (Young Nicks Head), this thesis initiates dialogue 

to investigate the amalgamation of progressive digital 

fabrication techniques and the rich cultural identity 

and Mātauranga Māori (cultural knowledge) of Ngai 

Tāmanuhiri. Subsequently, a pavilion, incorporating 

a locally inspired ‘whai’ (stingray) motif has been 

designed providing an architectural framework to 

facilitate design-led research. One-uku (clay), has 

been identified early as an indigenous material with 

enormous potential and led to the development 

of custom-built additive fabrication tools that can 

elevate this abundant local material for use within 

the architectural sphere. A secondary focus of 

this research is the development of computational 

(parametric) and analogue workflows to enable the 

production of architectural scale ceramic modules. 

Ultimately, this thesis argues that when computa-

tional design skills are ulilised alongside indigenous 

knowledge, digitally produced artefacts are capable 

of becoming meaningful for all.
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INTRODUCTION

1.0



‘Architecture has given way to an increasingly homoge-

neous global architecture,’ a call to arms issued by 

Rem Koolhaas for countries to campaign their auton-

omous architecture (Walsh, 2014, p. 41). Within 

present architectural discourse, there is global 

concern that contemporary architectural processes 

efface the culture of indigenous communities. 

Though digital tools present enormous opportunities 

for architecture generally, these potential advances 

are also said to threaten autonomous architectural 

identity and dehumanise architectural production 

(Ceccato, 2004). 

The imminent question therefore is; how can the 

assimilation of digital tools and indigenous culture 

become a catalyst to empower culturally embodied 

architecture that responds to our indigenous Māori, 

identity and spirit, without falling into architectural 

homogeneity? 

Moreover, how can such tools generate future growth 

for indigenous communities culturally, and enable 

Iwi (tribal) participation in the production of their 

own architectural outcomes? For such a line of 

inquiry to be tested, research must be undertaken 

in close collaboration with said cultural groups and 

investigated from within their cultural domains to 

facilitate open sharing of knowledge – both indige-

nous and technological. 

Working in conjunction with Ngai Tāmanuhiri Iwi 

of the Poverty Bay, south of Gisborne and nearby the 

poignant site, Te Kurī-a-Pāoa (Young Nicks Head), 

dialogue has been initiated to investigate the amalga-

mation of progressive digital architectural fabrication 

techniques and the rich cultural identity and Mātau-

ranga Māori (cultural knowledge) of Ngai Tāmanuhi-

ri. Following discussions with Iwi members, a 

pavilion project has been developed as an 

1.0.0 

INTRODUCTION
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Fig. 1.  237 Individual parametrically design tile components.
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How can the assimilation of digital tools and indigenous culture 
become a catalyst to empower culturally embodied architecture that 
responds to our indigenous Māori identity and spirit, without falling 
into architectural homogeneity? 

1.0.0
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Architectural framework to facilitate design-led 

research. The resulting pavilion designed with 

parametric tools draws inspiration from the local 

kaitiaki (guardian) the whai (stingray),  within the 

motif of the interlocking modular components. 

One-uku (clay), has been identified as an indigenous 

material with strong cultural ties and vast potential 

architecturally. This sparked the development of 

custom-built additive fabrication tools that can 

elevate this abundant local material in the architec-

tural sphere without diminishing its traditional roots. 

A further focus of this thesis is the development of 

computational and analogue workflows to facilitate 

architectural, ceramic outcomes. Such a methodol-

ogy allows for involvement in all facets of architec-

tural production; from the construction of the tools 

themselves, preparation of the material, fabrication 

of the component and assembly of the architectural 

intervention. 

This thesis comprises of three primary sections; 

Firstly, Section 1, The Paradigm, provides a critical 

overview of the current outlook, presenting a discus-

sion of the wider opportunities and implications 

of the contemporary digital paradigm in Architec-

ture.  Indigenous Māori culture is explained both 

generally and then more specifically the ideals and 

ambitions pertinent to Ngai Tāmanuhiri Iwi. Subse-

quently, examples of best practice, both nationally 

and internationally, are examined through the intro-

duction of key theorists and practitioners working 

within comparable research spheres, to lay out their 

endeavors, outputs and knowledge. Section 2, The 

Design Process, is the primary design component of 

the research and follows the development the three 

integral outcomes, the machine, the prototype and 

the pavilion. This process is highly iterative, and 

a direct feedback loop with Ngai Tāmanuhiri at all 

stages ensures aspects of Mātauranga and Tikanga 

(customs) are followed as the design progresses. 

Finally, Section 3, Critical Reflection, presents the 

opportunity to reflect on the progress made during 

the research and highlights the areas where further 

research possibilities exist. 

Ultimately, this thesis argues that when digital design 

agency and the knowledge of traditional craft, cultural 

identity, local materials, and community participa-

tion, are integrated digitally produced artifacts are 

capable of becoming meaningful for all.



P R O J E C T  S C O P E

The Outcomes

>>
Fig. 2.  Diagram of the interconnected primary project outcomes.

Overall, the scope of this thesis sets out to achieve 

an architectural solution that combines Mātau-

ranga Māori (indigenous knowledge) and culture 

of Ngai Tāmanuhiri with progressive fabrication 

techniques. Furthermore, with an understanding of 

the profound relationship between Māori communi-

ties and the indigenous resources found within their 

Rohe (domain), this research aims to develop novel 

methods of using such resources for design in archi-

tecture.

As a consequence, there are three primary outcomes. 

Firstly, the development of 3D printing technology, 

or more specifically, Fused Deposition Modeling 

(FDM), that operates off-grid from the coastal site 

to produce architectural components from local clay. 

Secondly, the architectural design itself, including the 

inherent building systems, incorporation of cultural 

motifs, and development of the associated paramet-

ric digital work-flows. Thirdly, the creation of proto-

types, at various scales, that test the digital design and 

work-flow in a physical sense, thus proving the feasi-

bility of producing a full-scale architectural outcome 

in the future (see fig. 2).

Though these are the physical and more measur-

able thesis results, there are other equally important, 

yet less tangible project outcomes. These are in the 

form of relationships and growth. Iwi ambitions are 

inherently community-based; therefore, goals are not 

immediate but have a long term outlooks that place 

value on not just the outcome but also the journey. 

After all Mātauranga Māori is an ever-expanding 

knowledge base.

Though the envisioned pavilion will not be accom-

plished at full-scale before the completion of this 

thesis (primarily due to time constraints), it is antic-

ipated that an ongoing research collaboration with 

Ngai Tāmanuhiri within the research partnership 

‘SITUA’ will see the construction of a clay 3D printed 

Whare within the foreseeable future.   

1.0.1

INTRODUCTION
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This design-led research is a journey of iteration 

and constant amendment with crucial Iwi input. 

Focus fluctuates between the three primary outputs 

resulting in a cyclic and iterative methodology, as one 

aspect develops, flaws become apparent within other 

areas, thereby realigning the focus of development 

and increasing complexity and refinement.

Wolfgang Jonas describes such a methodology as an 

‘action – reflection’ model. The design is led by an 

‘evolutionary feedback pattern; the aim is not a final 

‘true’ representation but rather a process of ‘(re-)

construction for the purpose of appropriate (re-)action’ 

(Jonas, 2007, p. 189).  

Overlaying the design approach is the added 

participation of the tangata whenua (people of the 

land). Such engagement can best be described as 

an ‘embedded, domain-based research’ methodolo-

gy (Kawiti, Schnabel, & Durcan, 2016). Periods of 

lodging on-site in Muriwai at critical times through-

out the duration of the research enabled a direct 

feedback loop with Iwi members and encouraged 

Kōrero (dialogue) around design decisions. Such a 

methodology sees a move away from the tradition-

al ‘western’ client/architect working relationship to 

initiate a closer collaborative exchange. This method-

ology ensures that the appropriate cultural protocol 

- Tikanga Māori - are followed and enables author-

ship of the design to be shared among the whole 

community.

M E T H O D O L O G Y

Design-led research

>>
Fig. 3.  Project photo board evidence of the design-led-research methodology.

1.0.2
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Fig. 4.  Project Structure.

>>
Fig. 5.  Chronologically ordered key project images.
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THE DIGITAL PARADIGM

1.1



No longer is there a power struggle between digital 

and analogue modes of operation within architectural 

discourse. Following decades of debate, the digital has 

emerged as the undisputed champion of architectural 

conception and execution. Within our current digital 

age computation is now almost fully synonymous 

with human activity, and architecture is no exception 

(Reffat, 2008).  Today, over 50 years since pioneering 

architects  first employed digital tools, computation 

is still affecting architecture and the built environ-

ment in unprecedented ways (Menges, 2012). From 

the rudimentary beginnings of Ivan E. Sutherlands 

digital design system, Sketchpad, in 1963, compu-

tational tools have grown into a multifaceted field 

that encompasses many architectural practices from 

design and development to fabrication and construc-

tion (Nappi, 2013). Though such tools are now deeply 

ingrained in the architectural industry, they are still 

a topic of scrutiny, however now they are scrutinised 

for different reasons.  There is concern that homoge-

neous buildings are now imminent worldwide; the 

globalised nature of computational tool-sets, global 

shipping, a global workforce and advancing material 

fabrication is gradually eliminating human crafts-

manship within the production of buildings (Marble, 

2012). This thesis contests this belief and argues the 

benefits of these very tools for indigenous commu-

nities to in fact facilitate the creation of autonomous 

architecture. 

The following chapter comprises of two sections. It 

is necessary to firstly provide a brief overview of the 

software and fabrication tools themselves to establish 

what is deemed to be contemporary during the period 

that this research has taken place and elaborate on 

the potential and limitations of such ‘toolkits.’ Subse-

quently, discussion transpires into theoretical and 

emerging concepts within the field of digital compu-

tation.

>>
Fig. 6.  Fibrocity; Robotically Woven Carbon-Fiber Structures (Chacon, Komar, Papadimitriou, & Yao, 2015).

1.1.0 
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be conceived and what can be built’ (Reffat, 2008, p. 

119). Such a design methodology is described by R. 

Oxman’s ‘human-centric’ design model where the 

human designer/engineer evaluates the simulation 

results and determines the required modifications 

(R. Oxman, 2007, p. 169). Evolving simultaneously to 

the development of CAD has been the viral dissem-

ination of information digitally. Building Informa-

tion Modeling (BIM) is primarily a management tool 

that enables a multidisciplinary approach whereby 

a digital model can be shared among all building 

professionals digitally (Carpo, 2012). 

PARAMETRIC

The advent of visual programming languages such 

as ‘Explicit History’ utilised by GrasshopperTM 

has enabled designers and architects to engage in 

parametric design (Ercan & Elias-Ozkan, 2015). 

Greg Lynn, a pioneer of the Digital Turn, describes 

parametric modeling as a ‘computer modeling process 

As computer software is the primary tool for 

computer aided design, the tool of choice has many 

inherent implications on the final design outcome. 

2D-3D

Primitive stages of CAD software were a representa-

tion of 2D hand drawing as 2D computer drafting. 

Such software was deeply rooted in long-established 

ways of design thinking based on representational 

design techniques and the hierarchical relationship 

between form and architectural drawings (Menges, 

2012b). Although increased efficiencies were enabled 

in project delivery, there were little qualitative 

improvements in design in comparison with conven-

tional paper-based models (R. Oxman, 2007). It was 

not until the advent of 3-dimension software that 

design benefits were discovered. 3D models enable a 

closer physical representation of the final form and 

a more truthful test of assembly, construction, and 

aesthetics, as there is ‘a direct link between what can 

T H E  C O M P U T E R

An Overview

1.1.1
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whereby incremental decisions are defined in series 

and can be recalled and changed at any point in the 

chain of design decisions’ (Rappolt, 2008). As a conse-

quence, digital design is no longer static, but gener-

ative, performance-based, and dynamic. ‘Parametri-

cism,’ allows building designs to be quickly changed 

and updated to – in the words of Patrik Schumacher 

– ‘articulate increasingly complex social processes and 

institutions’ (Schumacher, 2009, p.  243).  Perfor-

mance can be simulated through the input of large 

data streams, be that social, environmental, or spatial 

to generate optimised building form (R. Oxman, 

2007). Additionally, the ability to design with 

algorithms presents the opportunity to script simple 

yet repetitive tasks, from which the computer can 

compute outcomes that are humanly impossible, for 

example, GrasshopperTM, can generate and organise 

extremely complex, non-uniform geometries (Ercan 

& Elias-Ozkan, 2015). Used in conjunction with 

digital fabrication tools, a parametric software 

can also enable the generation and organisation of 

complex geometric outputs, making it a primary tool 

for the creation of automated workflows (Doscher, 

2012).

DESIGN CODE

Finally, there is a new breed of designers who are 

directly responsible for designing the ‘toolkits’, or 

software, rather than the fully determined products 

(Hermans & Valtonen, 2014). Through scripting 

and coding, a tool builder can define the generative 

components, thus determining their transformation-

al behaviour. The designer of this type of ‘formative 

model’ can utilise integrated ‘inner tools’ allowing 

complete freedom and control by assuming the role 

of software engineer (R. Oxman, 2007). Though such 

techniques are appealing, they lie outside the scope 

of this research, which focuses primarily on the 

development of fabrication tools and, therefore, such 

methods will not be explored. 

Drawing as representation Digital data as simulation

Traditional Drawings & Early CAD BIM & Parametric digital models

^
Fig. 7.  Architecture in the age of simulation (Scheer, 2014).



Due to digital fabrication, the gap between design 

computation and physical materialisation is now 

diminishing. CAD/CAM technologies enable the 

direct (and indirect) manufacturing of digitally 

generated architectural parts and components by 

plotting them in a 3D output device (Kocaturk, 

2007). Digital fabrication has become an extension 

of the design process, giving architects direct control 

over all aspects of the construction process (Marble, 

2012). Since the nineties, the architect’s role has 

repositioned drastically to accommodate the growth 

of computer numerically controlled (CNC) machines 

in the architectural industry. Design now extends 

beyond representational architecture to include the 

creation of precise sets of digital instructions used 

to drive manufacturing processes (Scheurer, 2012). 

Simply put, this allows the architect to design virtually 

and fabricate physical representations of their design. 

As a consequence, according to Doscher, ‘digitally 

integrated design systems shorten the feedback loop 

between design intent (input), and design results 

(output)’ (Doscher, 2012, p. 207).  It is important 

to distinguish the differences between CAD/CAM 

technologies and industrial production processes 

because they enable the design and manufacturing of 

complex, non-orthogonal customised products with 

high speed and ease. 

Digital fabrication processes are mainly catego-

rised into their distinct process types which include 

subtractive, formative and additive – terms which 

shall be explained in proceeding chapter (Kocaturk, 

2007). 

D I G I TA L  FA B R I C AT I O N

An Overview

1.1.2

THE DIGITAL PARADIGM

>>
Fig. 8. Diagram of CAD to CAM workflows modified from orginal by Fabian Scheurer of Design To Production (2016).
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Subtractive fabrication, as the name suggests, is a 

method based on material removal.  Following the 

coordinates generated with CAD/CAM software 

(G-code), a tool such as a CNC cutter or milling 

machine has the capability to precisely cut building 

components from larger pieces of material to any 

desired geometry (Kocaturk, 2007).  Digital infor-

mation is extracted directly from the designer’s CAD 

model, allowing the designer complete control over 

the final design of the component. In recent years, 

subtractive fabrication has been used extensively 

in the architecture industry to create interlocking 

plywood structures with the ‘Wiki-House’ immedi-

ately coming to mind (Parven, 2012). A notable 

limitation of such methods is, as described by Neil 

Gershenfeld, ‘they can cut, but they cannot reach 

internal structures’ – in other words they are limited 

to a ‘top-down’ tool path (Gershenfeld, 2012).

S U B T R A C T I V E  FA B R I C AT I O N

CNC Precision

1.1.2

THE DIGITAL PARADIGM

>>
Fig. 9.  HygroSkin a performative timber installation cut 
using subtractive fabrication methods (Menges & Reichert, 
2015)
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The potential of additive fabrication techniques for 

use in 3D printing has been extremely glorified, even 

coined as ‘the next technological gold rush’ (Winnan, 

2013, p. 5). Though uptake has been slow consider-

ing the excitement generated, the disruptive nature of 

such tools is nevertheless expected to have numerous 

unprecedented ripple effects. A key stimulus is 

that the printer enables fabrication to move from 

factories directly into the homes and communities 

of the consumers. Through the viral dissemination 

of information, files for designs can now be quickly 

distributed and shared with ease, resulting in highly 

personalised outputs created to meet the individual 

needs of users. 

Additive fabrication methods currently include stere-

olithography, selective laser sintering (SLS), fused 

deposition modeling (FDM), and, of course, 3D 

Printing. As the name, Additive fabrication, suggests 

objects are fabricated by adding material layer by 

layer using a computer numerically controlled 

tool (Kocaturk, 2007). Currently, however, such 

techniques are primarily used in the architectural 

industry for rapid prototyping at the preliminary and 

concept design stage, where scale physical models are 

generated as part of the design workflow to provide a 

quick ‘snapshot’ to evaluate design success (Doscher, 

2012). Though 3D printing is making enormous 

inroads within product design, there has been 

limited applications in the scope of producing large-

scale building components due to the limited size of 

the objects that can be built without high produc-

tion costs (Kocaturk, 2007). However, as Enrico Dini 

and his large format, D-shape printer, and many 

Chinese corporations are illustrating that the use of 

additive technologies could be a common method 

of construction shortly (Soar, 2012). Another limita-

tion is that currently plastic printers are the only 

feasible option for many practitioners. Though this is 

primarily due to cost, it is also clear that until more 

robust and environmentally friendly materials are 

readily available printers will remain predominantly 

a tool used for prototyping.  

A D D I T I V E  FA B R I C AT I O N

The Next Technological Gold Rush (?)

>>
Fig. 10. Michael Hansmeyer and Benjamin Dillenburger 3D-Printed columns have been called the ‘world’s most complex 
architecture’. (Hansmeyer & Dillenburger, 2015).

1.1.2
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Craftsmanship means simply workmanship 

using any kind of technique or apparatus in 

which the quality of the result is not prede-

termined, but depends on the judgement, 

dexterity and care which the maker exercises 

as s/he works. The essential idea is that the 

quality of the result is continually at risk… “the 

workmanship of risk” (Pye, 1968, p. 20).

Their research illustrates how prior to the Industrial 

Revolution, everything was made by hand but with 

the rise of mass production objects were cheaper and 

of consistent quality, but increasingly less personal 

and unique. Zohan and Buechley argue that digital 

fabrication methods are in fact returning a sense 

of craft to objects; ‘digitally produced artifacts, like 

handcrafted artifacts, are the result of the subjective 

decisions of their creators. Digital artifacts also reflect 

the skills, perspectives and values of their makers’ 

(Zoran, 2013, p. 6).  It can, therefore, be concluded 

that contemporary notions of craftsmanship are no 

different to more orthodox traditional viewpoints. As 

As with any discourse, there are numerous critical 

theorists and theories that propose the immense 

potential for digital design computation. These 

theories present critical and persuasive arguments 

for the meaningful use of digital tools and provide 

academic grounding for the approach taken in this 

thesis. 

DIGITAL CRAFT 

A common generalisation is that computational 

techniques are limiting the role of craftsmanship in 

design and architecture. Conversely, Jennifer Whyte 

argues that human reflection of craft is ‘pervaded by 

a sense of nostalgia’ (Whyte, 2014, pg. 1-2). ‘Craft’ 

carries strong connotations of getting ‘one’s hands 

dirty in a workshop’, but is defined by Richard Sennet 

as any experiential-based skill (as cited in Scheurer, 

2012, pg. 117). Amit Zoran and Leah Buechley’s 

study, ‘Hybrid Reassemblage: An Exploration of 

Craft, Digital Fabrication and Artefact Uniqueness’, 

examines craftsmanship from David Pye’s standpoint 

(Zoran & Buechley, 2013);

1.1.4

THE DIGITAL PARADIGM

C O M P U TAT I O N A L  T H E O R I E S

The Current Discourse
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a digital craftsperson, just like a traditional craftsper-

son, experience results in a more refined knowledge 

of material manipulation, from which technical 

ability can emerge. ‘While craft relies on a predefined, 

yet intuitive process, technology can become the catalyst 

for humanising opportunities to occur, rather than an 

end to the means’ (Boza, 2006, p. 7).

EMERGING MATERIAL INTELLIGENCE.

In the past, materiality within CAD systems was 

reduced and conceptualised as a mere passive 

property assigned to geometrically defined elements. 

Fabrication has subsequently been used to cut, 

shape, and compress materials into these predefined 

outcomes. However, a new breed of computation-

al design looks to the inner capacities and inherent 

intelligence of materials first to inform how they 

design. In the words of Manuel DeLanda (2001), 

‘materials are not inert receptacles for a cerebral form 

imposed from the outside, but active participants in 

the genesis of form’ (p. 132).  Practitioners such as 

Skylar Tibbits, Achim Menges, and Neri Oxman are 

demonstrating how materiality can become a gener-

ative driver rather than an ‘applied’ afterthought 

(Menges, 2012, p. 36). ‘Natural structures still possess 

the highest level of seamless integration and precision 

with which they serve their functions’ (N. Oxman, 

2010, p. 80). Fabrication and material technologies 

are slowly moving from a solid inactive state to a 

level that has its own ‘generative significance’ (N. 

Oxman, 2009, p. 122). Menges employs computation 

to investigate the material on the micro, and macro 

scale and investigates the anatomical behaviour of 

such materials when exposed to dynamic environ-

mental influences. This intimate knowledge of the 

material enables its use in responsive and living ways. 

Likewise, Neri Oxman’s research is showing how 

advancing technologies mean we are beginning to 

understand and imitate an organic structure’s natural 

capacity generate inherently complex multi-com-

posite structures such as shells, pearls and coral, 

which distribute material properties where they are 

needed most (Oxman, 2012). Through such explora-

tion as the designer, she looks to recreate man-made 

^
Fig. 11. Close-up material structure images by Anish Tuteja (as cited by Puiu, 2013).



material systems that mimic the complexity as of yet 

only found in nature. Such evolutionary approaches 

are said to stem from Manuel DeLanda’s formative 

paper ‘Deleuze and the Use of Genetic Algorithm in 

Architecture’ and look to uncover in a simple sense, 

‘how nature got to be so smart’ (Castle, 2004, p. 

50). Emergence, therefore, being the phenomenon 

that describes how natural systems have evolved 

self-sufficiently, has grown to be a strong theoretical 

framework within current discourse.

THE FILE TO FACTORY PARADIGM AND MASS 

CUSTOMISATION

As described in the preceding section, the combina-

tion of both computation and fabrication is having a 

decentralising effect in production. The file to factory 

paradigm is the seamless and automated merging of 

the design process into fabrication and direct transfer 

from a 3D digital file to CNC machine. Consequent-

ly, designs can be sent electronically anywhere in the 

world for on-demand production locally, which effec-

tively eliminates the cost of shipping. Gershenfeld 

(2012) explains that manufacturing since the Indus-

trial Revolution has seen manufacturers moving to 

the lowest-cost locations to feed global supply chains. 

Now, however, as a result of new fabrication tools, 

communities can regain control over the manufac-

turing process and potentially grow new jobs locally 

with the goal being self-sufficient (Gershenfeld, 

2012). Furthermore, by bringing the manufacturing 

back to the community, personalisation is once again 

achievable. Mass-customisation is by no means a new 

term. In fact, it was introduced in the late 1980’s due 

to the ‘dissatisfaction in a homogeneous market from 

general consumers’ (Chen, 2014, p. 2). Professionals 

are now arguing that creating one thousand different 

objects using progressive digital techniques can be as 

cost and time effective as producing one thousand 

identical objects using a method of mass production 

(Marble, 2012).  In recent years terms such as bespoke 

and custom-made have been associated with luxury;  

Mass-customisation could result in the production 

of bespoke or custom-made products (or building 

components) for a market of one person (Gershen-

feld, 2012).

>>
Fig. 12. ITKE Pavilion that use coreless dual-robot filament winding that capitalises on the  self-forming capacity of fibresous 
systems (Menges & Knippers, 2015).
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It is clear the propensity for digital computation to 

bring about change within the architecture industry 

is imminent, and many highly regarded voices have 

spearheaded this global dialogue. This chapter has 

provided an overview of the current state of our 

digital age and elaborated on the tools and techniques 

of this paradigm. 

Digital computation and fabrication tools are not in 

competition with traditional handcrafted art forms, 

as they will always be meaningful within society. 

These new tools are however in direct competition 

C O N C L U S I O N S

Chapter Summary

with the established, and more often dehumanising 

ways of modern manufacturing.  Fabrication tools, 

alongside digital work-flows, present opportunities 

for empowerment, personalisation and self-suffi-

ciency for communities. Notions of craft have not 

disappeared but rather the tools, or apparatus used 

by the crafts-person, has changed. The understand-

ing of embedded material intelligence is, therefore, 

enabling the creation of environmentally sensitive 

and highly responsive buildings that respond to 

philosophies of ‘emergence.’ 

1.1.5
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lished that became known as the ‘Māori’, with their 

value and knowledge base known today as Mātauran-

ga Māori (Ahukaramu & Charles, 2012). 

Like many indigenous groups worldwide, Māori 

lost much of their land through European coloni-

sation and thus, in many instances, experienced 

forced separation from their spiritual and cultural 

homelands (Pool, 2014). As a consequence, tribal 

groups have spent at least the last four decades 

pursuing settlement of grievances caused as a result 

of this loss of whenua (land) since the signing of the 

treaty. As this settlement period now draws to an end, 

it marks the culmination of an era largely dominated 

by confrontation – a necessity to rectify the injustices 

of the past (Ellison, 2012).

As indigenous culture is a principal driver in the 

scope of this thesis, it is necessary to research Māori 

and more particularly Ngai Tāmanuhiri culture to 

determine what the key aspects of Māoridom are. The 

following chapter looks to identify vital aspects of the 

Māori world view to best incorporate a Māori perspec-

tive, not only in the final architectural outcome but 

also within the approach and procedures undertaken 

during the formation of the research itself.

Māori are the tangata whenua – the indigenous people 

of the land of Aotearoa New Zealand. Originally, 

descendants of Polynesian whakapapa (genealogy), 

Māori voyaged the great ocean of Kiwa (the Pacific 

Ocean) in large ocean-faring waka arriving to their 

new homeland, Aotearoa (Reed, 2006). Over several 

centuries of isolation, a unique culture was estab-

1.2.0

INDIGENOUS MĀORI CULTURE
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Now, not only has the economic environment 

changed dramatically for many Māori tribal groups, 

but such Iwi can once again focus on more positive 

kaupapa (topics) such as cultural growth and devel-

opment. The current period of revitalisation witnesses 

Mātauranga Māori (knowledge) and Tikanga Māori 

(customs) as a central driver for all decisions made by 

post-settlement Iwi groups. Early focus has primarily 

been towards critical needs with a strong intergen-

erational emphasis. These include providing care for 

pākeke (elders), improving housing availability and 

standards, creating local employment opportunities 

and the revitalisation of cultural infrastructure and 

landscapes (Ellison, 2012). Concurrently, Māori 

groups are constantly looking for innovative and 

contemporary ways to express their cultural identity, 

drawing on both modern and traditional modes of 

thinking. Initiates such as ‘Vision Mātauranga’ by 

the Ministry of Research, Science and Technology 

(2007) are looking to ‘unlock the innovation potential 

of Māori knowledge, resources and people to assist 

New Zealanders in creating a better future’ (p. 1). 

Such investigations are highlighting the potential of 

Mātauranga Māori to impact on many fields to effect 

positive change in contemporary Aotearoa, New 

Zealand (MRST, 2007).

Ngai Tāmanuhiri and Victoria University have 

responded by forming a research partnership, 

SITUA (Site of Indigenous Technologies Under-

standing Alliance), to enable an ‘embedded domain-

based research’ environment whereby researchers 

and tangata whenua can openly share knowledge to 

inform innovative outcomes.

^
Fig. 13. Tekoteko a top Te Poho O Tāmanuhiri Marae, in Muriwai.



^
Fig. 14.  Pou-whenua located at the top of Te Kurī-a-Pāoa overlooking Muriwai. He tohu mana whenua 
o Ngai Tāmanuhiri (a symbol of Ngai Tāmanuhiri jurisdiction).
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Though a relatively small Iwi, with a population 

of fewer than 1750 members, Ngai Tāmanuhi-

ri possess a strong cultural māna (charisma). Their 

main geographic location or papakāinga is rurally 

based, 30kms south of Gisborne on the east coast 

of New Zealand’s North Island. Spread across this 

diverse geography that consists of forestry, farmland 

and coastline are many historic sites of the past. 

The settlement of Muriwai is the cultural center of 

Ngai Tāmanuhiri and the location of  Te Poho O 

Tāmanuhiri Marae. Over the past century of coloni-

sation, Mātauranga Māori has remained a central 

aspect of day to day life in Muriwai. Te Reo and 

English are interchanged at a whim, indigenous craft 

(that has been passed down through over genera-

tions) is commonplace in all households, and any 

tribal matters are discussed within the wharenui. 

Ngai Tāmanuhiri has developed a flexible and 

ambitious approach to growth – a positive outcome 

of their small stature. Settling with the crown three 

years ago has stimulated new biodiversity projects, 

the re-control of forestry and farm holdings and the 

>>
Fig. 15. The steep clay cliff faces of Te Kurī-a-Pāoa.

rejuvenation of historic buildings. Additionally, there 

has been a priority to foster research relationships 

with external partners to promote future growth and 

care of resources. Assimilation of Mātauranga Māori 

and innovation is particularly appealing for tangata 

whenua as it has the potential to have a real impact on 

the advancement of their Iwi while acting to preserve 

and enhance their cultural and material domain. 

In order to provide a better understanding of Ngai 

Tāmanuhiri Iwi’s cultural point of view, this section 

introduces and explains the primary values - Tikanga 

- at the core of Ngai Tāmanuhiri Iwi. Additional the 

sub-sections; ‘Of the Land’, ‘The Making of Taonga: 

A culture of craft and creation’ and ‘For our Whānau’ 

look at aspects of Tikanga Māori in more depth in 

regard to their relationship with the environment, 

traditional role of craft and social wellbeing. The 

inclusion of excerpts from within Ngai Tāmanuhi-

ri Iwi Trusts future planning documents reinforces 

these notions. 

1.2.1

INDIGENOUS MĀORI CULTURE

NGAI TĀMANUHIRI

Introduction
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Jody Toroa, Deputy Chairperson of the Ngai Tāmanuhiri  Trust 
(pictured below), has played a pivotal role in this research and 
conveyed the aspirations of Ngai Tāmanhuri based on the poupou 
(foundations) laid down by their tīpuna (ancestors) and pākeke 
(elders). 

^
Fig. 16. Jody Toroa at Te Wherowhero, (Ngai Tamanuhiri, 2015)
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Whanaungatanga
‘Our whakapapa connects us to each other and 
to our whenua, our moana, our universe. He 
rangatira te katoa’ (Ngai Tāmanuhiri, 2015a, p. 
6) Whanaugatanga highlights communal nature 
of Iwi ambitions, and the importance of support-
ing all (Mead, 2003).

Kaitiakitanga
The role of the tangata whenua as guardians 
and protectors of their universe and all natural 
wonders within it. The sustainable use and 
growth of natural environment are thus very 
important in illustrating Kaitiakitanga (Ngai 
Tāmanuhiri, 2015a).

Manākitanga
‘Attitudes, behaviours and actions that render 
respect and humility to others’ (Ngai Tāmanuhiri, 
2015a).  Manākitanga highlights the importance 
of nurturing people and relationships.

P R I M A R Y  T I K A N G A  -  VA L U E S

of Ngai Tāmanuhiri

1.

2.

3.

1.2.2
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>>
Fig. 17. Te Wherowhero lagoon is of considerable cultural significance to Tāmanuhiri as it marks the site of the first histori-
cal place of settlement. It is also the final resting place of the ocean-faring canoe, Horouta (Ngai Tāmanuhiri Trust, 2015b). 

Māori have a profound relationship to the whenua 

and moana (land and sea). A relationship that as 

Royal (2005) defines underpins all epistemological 

beliefs;

Perhaps the single most important aspect of 

an indigenous worldview is the notion that 

the world is alive, conscious and flowing with 

a perennial energy.  The natural world is not 

so much the repository of wisdom but rather 

is wisdom itself, flowing with purpose and 

design.  (as cited in Edwards & Hunia, 2007, 

p. 7). 

Architectural theory consistently makes reference 

to ‘place’ and ‘placemaking’ with theorists such as 

Jane Jacobs and Christian Norberg-Schulz coming 

immediately to mind. For indigenous people, 

however, the land is life itself, and through human 

reliance on it as the provider, the land is viewed as a 

being and personified by its shifting moods (Hughs, 

2003).  In Mātauranga Māori, the land is part of an 

individuals whakapapa (genealogy) with wairua 

(spiritual essence) and needs to be treated accord-

O F  T H E  L A N D

Mana Whenua Mana Moana

ingly. For Ngai Tāmanuhiri this means that the care 

and replenishment of their tribal lands is imperative. 

Kaitiakitanga, the view that humans are the guardian 

of the environment, is a value taken very seriously. 

The following, an excerpt from the Ngai Tāmanuhi-

ri Trust five-year plan, has been conceived together 

with their kaumatua (elders) and establishes the 

precedent for sustainable land treatment and care; 

The health of our natural environment is closely 

connected to the status of our wellbeing as a 

people. Our moana (sea), our pari (rivers), our 

whenua (land), our flora and fauna, are part of 

our whakapapa. Restoring and rejuvenating 

our whenua and moana to a pristine state, free 

of pollution, is akin to maintaining our health 

as an Iwi (Ngai Tāmanuhiri Trust, 2015a, p. 8). 

Sustainable use of resources from within Ngai 

Tāmanuhiri’s Rohe for local architecture is a highly 

empowering concept for tangata whenua. However 

acknowledging the wairua (spiritual essence) of 

such resources is necessary through the appropriate 

enactment of Tikanga Māori. 

1.2.3
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^
Fig. 18. Te Kurī-a-Pāoa is the embodiment of the beloved dog of Paoa, who was the captain of the great Horouta waka (canoe). Today 
the cliffs guard over Muriwai, with a strong wairua that the tangata whenua identify with as a primary symbol of home. In pākehā 
history, the cliffs are known as ‘Young Nicks Head’ the first piece of land sited by Captain James Cook (Reed, 2006).
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Handmade taonga, which includes waka, carved 

houses (wharenui) as well as moko (tattoos), tradi-

tional costumes, whakairo (carving) and raranga 

(weaving) has a prominent place in Māoridom. The 

importance of craft succinctly described by Professor 

Hirini Moko Mead (1996);

Māori art is an essential element of Māori 

culture and it is a part of the heritage of the 

Māori people that was handed to them from 

generations of ancestors. Māori art brings 

together all those forms of artistic expression 

that follow the styles, traditions, and values of 

Māori culture (pg. 3).

Te reo (the Māori language) was historically an 

oral language, as a consequence craft developed 

as the primary method of recording information. 

According to Dr Bennett, it could even be argued that 

the principal forms of communication on marae – a 

place of Kōrero (dialogue) – are in fact the whakairo, 

the carvings which inhabit the Whare whakairo, 

carved houses (Bennett, 2007). Not only are these 

taonga things of āhuatanga Māori (beauty) but 

embedded within the intricate motifs and patterns 

are the stories of tīpuna (ancestors), and the preser-

M A K E R S  O F  TA O N G A

A culture of craft and creation.

>>
Fig. 19. Robin Kay (Ngai Tāmanuhiri Iwi member) demonstrates the appropriate kawa when collecting harakeke (flax) for 
weaving, Murwai, 2015.

vation of this taonga is crucial to retaining essential 

knowledge for future generations. To an outsider 

Māori art forms may be viewed as decorative embel-

lishments to walls of the wharenui, to Māori, and 

particularly to those whom affiliate to the Iwi to which 

the work belongs, such work carries both intrinsic 

and extrinsic meaning. Bennett (2007) explains 

that ‘there is a sense beyond being either wooden or 

harakeke patterns but instead representations of living 

tīpuna’ (p. 144). The technical knowledge of creating 

such craft is another important taonga passed down 

through the generations. As the proverb describes, ‘E 

whakairo ana mai to tīpuna. In your art, we see the 

skills of your ancestors’ (Mead & Mead, 2010, p. 110). 

Skills and knowledge include an intimate understand-

ing of the indigenous materials and the associated 

kawa (protocol). It is clear that there is an enormous 

amount to be learnt from traditional construction 

techniques of early Māori, from intricate finger joints 

to the extremely strong fibrous harakeke ropes.  It is 

no coincidence that revival of the lessons of Mātau-

ranga Māori in material use is interrelated to theories 

of ‘emergence’ and embedded material intelligence, 

as it is a testimony to the benefits of a more holistic 

approach to life.

1.2.4

INDIGENOUS MĀORI CULTURE
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Fig. 103. Michael Hansmeyer’s 3D-Printed columns have been called the ‘world’s most complex 
architecture’.



“E whakairo ana mai tō tīpuna. 

In your art, we see the skills of your ancestors.”

Māori Proverb 
(Mead and Mead, 2010, p. 110)

1.2.4
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^
Fig. 20.  Local Māori craftswoman weaving.
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^
Fig. 21.   Carvings from the Toko Toru Tapu Church in Manutuke as they are restored by local heritage experts. 

<<
Fig. 22.   A Close up photograph of the Pou-whenua atop Te Kurī-a-Pāoa. 



>>

Fig. 23. Ngai Tāmanuhiri pākeke meet in monthly hui.

Western philosophy is a response to Descartes’ famous 

proposition ‘I think therefore I am,’ a framework that 

has highlighted the primacy of the individual. In 

contrast, within Māoridom identity is not based on 

the individual but as part of the larger tribal structure 

(Spiller, Pio, Erakovic, & Henare, 2011).  

E taku mokai, he wa poto noa koe i waenganui 

i te wa kua hipa ki te wa kei te tu mai . . . You 

are but a speck in the moment of time situated 

between two eternities, past and future. Make 

use of this time so that you may use it wisely 

for the benefit of your all people (Moeke-Pick-

ering, 1996, p. 2).  

Whanaungatanga - a fundamental value of Tikanga - 

focuses upon relationships with the collective group 

expecting the support of its individuals by their 

relatives near and distant. Thus, ambitions are not 

personal but are intrinsically Iwi focused with the 

wellbeing of the whole community in mind (Mead, 

2003).

1.2.5

INDIGENOUS MĀORI CULTURE

For Ngai Tāmanuhiri  Iwi imperatives are all 

grounded in social development.  Primary concerns 

are; 

• The younger generation has in many cases been 

forced to move away from rural Muriwai in 

search of mahi (work), this is having implica-

tions on all levels of the community, with leaders 

seeking innovative industries that can bring their 

whānau home. 

• An aging population of pākeke (elders) means 

that the development of new kaumātua housing 

solutions is a primary need. However, an 

approach reflective of Ngai Tāmanuhiri  Iwi’s 

individual needs and identity is also crucial.

• An emphasis on the benefits of higher education 

for the tamariki (children) is being instilled early 

as these are the leaders of the future. 

F O R  O U R  W H Ā N A U

Communal Ambitions
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Aotearoa’s Māori culture and our awe-inspiring 

natural landscapes are the two bedrocks of our society 

and the defining aspects of our national identity. It is, 

therefore, critical that any innovation and progression 

to future modes of operation respects and enhances 

these unique taonga only found in New Zealand. 

Ngai Tāmanuhiri Iwi has developed a particular and 

unique character over the generations. Their identity 

is very much grounded in their homelands of the 

Poverty Bay, and the iconic backdrop Te Kurī-a-Pāoa. 

Kaitiakitanga – their role as guardians of the environ-

ment – underpins all decisions. 

The active involvement of Ngai Tāmanuhiri within 

the undertaking of this thesis shall ensure that 

Māoridom and culture is a fundamental part of any 

outcome.  Their willingness to share Mātauranga 

Māori and Tikanga Māori within an academical-

ly focused setting is a privilege. Furthermore, their 

C O N C L U S I O N S

Chapter Summary

engagement throughout the design process will help 

to provide a necessary feedback loop that can both 

facilitate the junction of digital and cultural tools, 

and also engage the community with the project as it 

takes shape, helping to provide them with a sense of 

ownership.

The most important aspects of an Indigenous Māori 

approach to craft and architecture are;

• Any use of locally sourced materials is in a 

sustainable way respectful of associated  Tikanga

• Outcomes created for the community by the 

community.

• Incorporation of narratives that reference the 

traditions, culture, history, and spiritual identity 

of Ngai Tāmanuhiri.

• Sharing of knowledge and skills with all.

1.2.6
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Wherever we are on the river, we are part of 

the river… If we are Māori we believe in the 

past, the present and the future, we are all part 

of this, the flow of it all, if we believe in the 

continuum, we are all part of that continuum, 

there are no differences.

 — Cliff Whiting 

(as cited in Panoho, 2015, pg. 124)

This thesis questions how the assimilation of Mātau-

ranga Māori and progressive modern techniques 

can create innovative and meaningful outcomes. It, 

therefore, must also address how said ‘assimilation’ 

can be undertaken while being respectful of Tikanga 

Māori.  Throughout the 20th century, there were 

divisions within Māori art circles between traditional 

and contemporary modes of working. However, with 

the ongoing determination of distinguished New 

Zealand Māori artists such as Cliff Whiting (quoted 

above) the place of the contemporary within cultural 

spheres has been solidified and thus acknowledged. 

Dr. Rangihiroa Panoho, a notable academic specialis-

ing in Toi Tahuhu (art history) explains; ‘Māori art is 

an idea, not so much a form: it is the flow, not so much 

where that flow settles’ (Panoho, 2015, pg.8). Innova-

tion and discovery of new opportunities are very 

appealing for 21st century Iwi groups, particularly 

Ngai Tāmanuhiri. However, any such developments 

must be undertaken in a manner that is reflective and 

aware of the traditions (and protocol) intertwined 

with any new representation of culture.

The aspirations of new computational approaches to 

architecture can in many respects align with those 

of Tikanga Māori. Particularly aspects of emergent 

material intelligence, digital craft and beauty, and 

social empowerment through community-based 

fabrication. The following architectural precedents 

– some engaging in Māoridom, some not – provide 

examples of practitioners working on related research 

topics such as indigenous culture, digital computa-

tion, embedded material intelligence, novel fabrica-

tion methods or a combination of all.

1.3.0

THE ASSIMILATION OF KNOWLEDGE

>>

Fig. 24. A photo taken at dusk as the tide rises and intersects the sand dunes, Muriwai beach, 2015. 
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‘E kore au e ngaro he kakano i ruia mai i Rangiatea

 I will never be lost, the seed which was sown from Rangiatea’
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CASE STUDY NO.1:  
FABRICATION + TIKANGA MĀORI

Kakano by Tennent + Brown Architects
This project is one of the few New Zealand examples 

of digital fabrication embedded with cultural 

meaning. Designed to represent a Kakano, or Seed 

Pod, the design is part of Ngā Purapura, wellness 

center at the Institute of Māori development in Otaki. 

Tennent Brown are a strong example of architects 

working within cultural spheres in a respectful and 

positive manner. The following statement highlights 

the importance of relationships for Iwi groups when 

undertaking collaborative projects that are far more 

immersive and engaging than traditional Archi-

tect-Client relationships. 

Hugh and Ewan engaged with our kaumātua and 

senior management team in an incredibly positive 

and meaningful way early on in the journey ... 

Part of that journey was their acceptance, their 

willingness to be fully immersed within the tribal 

protocols and tikanga, which are part and parcel 

of Iwi identity. 

– Meihana Durie, Client (Tennent Brown, 2013)

^

Fig. 26. Interior of the Kakano Pod (Tennent Brown, 2013). 

<<

Fig. 25. Exterior of the Kakano Pod (Tennent Brown, 2013). 

^

Fig. 27. Fabrication Sequence.

Desired Form

Triangulation of Form

Performance Simulation

Addition of Insulation

Flattening of Form

Cutting of Plywood

Assembly of the ‘Pod’

Transportation to Site
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CASE STUDY NO. 2: 
DOMAIN BASED FABRICATION.

In-Situ Fabrication by Volker Helm, Fabio 
Gramazio & Matthias Kohler.

This project undertaken at ETH Zurich looks to 

enable ‘the robotic fabrication of building components 

directly on a construction site’. In-situ fabrication is a 

novel and radical move away from traditional indus-

trial methods. Normally prefabrication is undertak-

en off-site preceded by assembly on-site. Not only 

does this result in larger shipping and handling costs, 

but such methods also detach the construction of 

components from communities who have little to no 

involvement in the fabrication process (Gramazio 

& Matthias, 2014). In theory, the mobile, ‘In-situ’ 

fabricator could be transported to any building site, 

away from the pristine factory environment, and 

deal with the ‘uncertainties’ of a construction site 

to become an integral part of the building process 

(NCCR, 2015). Furthermore, according to Helm the 

integration of sensory awareness in the robot enables 

a highly collaborative and interactive environment 

whereby human and robotic arms can work together 

(Gramazio & Matthias, 2014). 

Though the robotic arm is outside the capabilities of 

this research the notion of being able to take digital 

fabrication within the domain of Ngai Tāmanuhiri 

and involve the community is certainly something 

this thesis aspires to achieve. 

<<

Fig. 28, 29. The In-situ Fabricator (NCCR, 2013). 

^

Fig. 30. Dimensions of machine enable easy transportation 

(Gramazio & Matthias, 2014).
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CASE STUDY NO. 3:
INTELLIGENT MATERIAL SYSTEMS

Hydroscope by Achim Menges & Steffen Reichert 

Hydroscope is one of the many projects by Achim 

Menges that endeavour to utilise the intrinsic inner 

potential and capabilities of natural materials for 

architectural purposes. As described by Menges this 

project explores the ‘dimensional instability of wood 

in relation to moisture content’ enabling the construc-

tion of ‘climate responsive architectural morphol-

ogy’ (Menges, 2012c, para. 1).  As a result ventila-

tion openings could open and close based solely 

on fluctuations in the climate without the need for 

any technical systems (or energy usage). The use of 

computational devices to test and simulate natural 

systems and the subsequent fabrication of the 4000 

geometrically unique elements enables nature to act 

autonomously in a preprogrammed manner (Menges 

& Reichert, 2015). 

 

Such awareness of nature is akin to the knowledge 

of Indigenous people who knew how to read the 

environment and detect the most subtle of signs 

communicated in the phenomena around them. 

^ 

Fig. 31, 32. HygroScope: Meteorosensitive Morphology 

(Menges & Reichert, 2015).



^

Fig. 33. Centre Pompidou Metz (Gaensler, 2011).
>>

Fig. 34. Centre Pompidou Metz (Goessen, 2010).
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CASE STUDY NO. 4: 
DIGITAL WORK-FLOWS

The Pompidou Centre in Paris by Shigeru Ban.
Through the design of the Pompidou Centre, which 

is said to be inspired by a traditional Chinese hat, is 

elegant and inspiring. The true marvel is the manner 

in which 18,000 meters of timber was fabricated 

into individual and precise forms (Marble, 2012). 

The team responsible for this, DesignToProduction, 

is a company founded solely to facilitate the digital 

workflows between the architectural idea and the 

fabrication using parametric tools, and custom 

designed CAD/CAM technology. The Pompidou 

Centre, in terms of fabrication and assembly was 

immense, with over 1,800 double-curved Glulam 

beams with 7000 prefabricated joints (Marble, 

2012). According to Fabian Scheurer (2016) of DTP, 

10 meter timber beams can be cut with a 0.5mm 

tolerance.  Without an automated, parametric digital 

work-flow and advanced CNC routing machines the 

building the precision and complexity at this scale 

simply would not have been possible.  

Though this utilises 5-Axis milling machines not 

available at Victoria University, the base techniques 

and methods are certainly achievable.

1.

2.

3.

4.

5.

6.

^

Fig. 35. Work-flow Diagram.

Desired Geometry

Desired Timber Pattern

Addition of Framing

Parametric Jointing

Automated Orientation 

CNC Milling.



^

Fig. 36. Busy silkworms follow a algorithmically design path to fabricate Neri 

Oxman’s, Silk Pavilion at MIT (Mediated Mater, 2013).

>>

Fig. 37. Completed Silk Pavilion (Mediated Mater, 2013).
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CASE STUDY NO. 5: 
INSPIRATION FOUND IN NATURE.

The Silk Pavilion by Neri Oxman.
The novel approach to architecture, presented by the 

Silk Pavilion, demonstrates Neri Oxman’s relentless 

desire to generate man made artifacts that are reflec-

tive of the complexities - as of yet - only found in 

nature.  

The Silk Pavilion explores the relationship 

between digital and biological fabrication on 

product and architectural scales... Inspired by 

the silkworm’s ability to generate a 3D cocoon 

out of a single multi-property silk thread (1km 

in length), the overall geometry of the pavilion 

was created using an algorithm that assigns 

a single continuous thread across patches 

providing various degrees of density’ (N. 

Oxman, 2013, para. 1) 

Though perhaps N. Oxman’s work is purposely 

speculative. One cannot argue with the beauty of 

the silkworms inherent additive fabrication method, 

and the ability to produce a 1km thread is unprec-

edented in any man made fabricator at such small 

size.  Oxman also highlights the ability of natural 

structures to vary strength and density based on the 

purpose of the task, something that contemporary 

homongenised building materials neglect completely. 
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^

Fig. 39. An assembled WikiHouse (Spacecraft Systems, 

2013).

<<

Fig. 38. The founding principals of WikiHouse (WikiHouse, 

2013).

CASE STUDY NO. 6: 
GLOBAL DISEMINATION OF FILES.

Wikihouse by Alistar Parvin.
‘WikiHouse’ is an open-sourced project with the aim 

of bringing architecture to ‘the other 99%’ (Parvin, 

2013a, p.91). Although this project is primarily 

aimed at global markets, resolving issues in both 

third-world and developing countries, it presents 

a benchmark with clear underlying principals (see 

fig. 38). WikiHouse utilises the global nature of file 

sharing as a means to disseminate CNC ‘.dwg’ files to 

any country for fabrication with relatively accessible 

CNC machines out of plywood. The resulting ‘kit-set’ 

homes that can be assembled by low skilled labourers 

(Parvin, 2013b).

Though this case study may not illustrate the progres-

sive nature of some of the others, the use of open 

sourced (and easy to use) tools such as Sketch-up for 

the creation of the files means that anyone can partake 

in the design, fabrication, and assembly process. 
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A  W H A R E  F O R  N G A I  T ĀM A N U H I R I

2.0



A pavilion has been determined as the 

primary focus of design-led research, 

presenting an opportunity to demonstrate 

the possibilities digital fabrication can have 

for Ngai Tāmanuhiri. Simultaneously, Iwi 

members have noted a lack of physical, 

cultural presence at their nearby seashore 

and lagoon, Te Wherowhero. A point that 

in history - Piiti Taone - was the location of 

their wharenui.

The overarching aim outlined in the project 

introduction; the assimilation of local 

materials, labour, narratives, and Mātau-

ranga Māori with progressive and novel 

fabrication methods is the primary driver 

P R O J E C T  O V E R V I E W

Iwi Brief

>>
Fig. 40.   The proposed project site, Piiti Taone in relationship to Te Kurī-a-Pāoa and Muriwai. 

of this thesis. However, an initiative lead by 

Iwi leaders to create a Whare Manaaki to 

service families and tourists as they spend 

time at this poignant site is a fitting project 

brief.  While the programmatic require-

ments of an ‘Eco’ toilet and a small source 

of fresh water are addressed, the program is 

not the primary focus of research. Instead, 

emphasis is on the development and inves-

tigation of fabrication, material and para-

metric methods. The approach is therefore 

not so much about ‘what’ but instead ‘how’, 

looking for outcomes applicable to various 

Iwi initiatives.

2.0.1

TĪMATANGA – FIRST STEPS
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Muriwai
East  Coast 
Nor th Is land
New Zealand



1. Iwi owned work-shed 2a. Te Poho O Tāmanuhiri Marae 2b. WW1 Memorial Hall

^
Fig. 41.   Important project sites.
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2c. Maungarongo Dining hall 3. On-site Accommodation 4. Piiti Taone, Pavilion Site
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I N TO  T H E  R O H E

Tōku Kaiarahi  -  My Guide

Upon arrival to Muriwai, local ‘Landscape 

Beautifier’, Mangu Kemp (fig. 43) took 

me throughout Ngai Tāmanuhiri Rohe 

(domain) on a 2-hour tour. From the moana 

(sea) to the ngahere (forest), Mangu retold 

stories of both his childhood and working 

life throughout the Poverty Bay district. 

His knowledge extends to not only to the 

history of Ngai Tāmanuhiri, but also to the 

local materials used by his ancestors that 

were pointed out along the way. 

^
Fig. 43. Mungu Kemp Ngai Tāmanuhiri Iwi 
‘Landscape Beautifier’ (Ngai Tāmanuhiri, 
2015).

<<
Fig. 42. The view towards Piiti Taone, and Te 
Wherowhero Lagoon from Te Kurī-a-Pāoa.

2.0.2

TĪMATANGA – FIRST STEPS



‘Te toto o te tangata he kai. Te oranga o te tangata he whenua.’  

The lifeblood of a person is derived from food; the livelihood of a people 

depends on land.”
Māori Proverb

2.0.2

TĪMATANGA – FIRST STEPS
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^
Fig. 44.   Potters ‘Ball Test’ determining if the clay has sufficient plasticity to be fired.



^
Fig. 44.   Taonga taiao (natural  resources) within the Ngai Tāmanuhiri Rohe.
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O N E - U K U    –   C L AY

The Material of Choice

2.0.3

TĪMATANGA – FIRST STEPS

One-uku (clay) is determined as the primary 

material of investigation.  The Poverty Bay is 

home to an abundance of clay and according 

to a geological report by Pullar in the 1962 

many special clays not found anywhere else 

(Pullar, 1962). The physical presence of clay 

is everywhere and the hillsides rich a palate 

of golden orange - the natural colour associ-

ated with terracotta clay.

The following chapter introduces early 

experimentation with the brilliant material 

that is clay. Grounded in indigenous 

knowledge,  procedures from the ceramics 

industry, and experimentation, clay proves 

to be not only an extremely sustainable 

material but also a material with tremen-

dous potential when used in conjunction 

with digital tools.
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^
Fig. 45.   Clay with a strong  ochre colouring  indicating the 
presence of iron.
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<<
Fig. 46.   Clay is a common back drop to the landscape of 

Poverty bay, this image shows it presence on the iconic 
cliff faces of Te Kurī-a-Pāoa.



Entwined within loves embrace, Ranginui (sky father) and  Papatūānuku (earth 

mother) were fused together as one.  As their bodies were torn apart upon the creation 

of the universe, blood began to flow, blood that stained the earth giving rise to the red 

clays of Aoteroa, kokowai. 

(Lange, 2009, pg. 38).

2.0.4

TĪMATANGA – FIRST STEPS
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^

Fig. 47. Ranginui (sky father) and  Papatūānuku (earth mother) embrace (Mythologica, 2001).



Māori have a profound relationship to the land, a 

land that has sustained their tīpuna (ancestors) for 

generations. It should, therefore, come as no surprise 

that clay has played a significant role in many aspects 

of indigenous life.  Extending on the creation story 

on the preceding page, the story of Hineahuone 

- the first woman - also links clay with Māoridom. 

The story tells of how atua Tane formed Hineahuone 

from clay and breathed ‘te ha’ - the breath of life - into 

her (Lange, 2012). 

Early Māori were acutely aware of the potential of 

clay (Lambert, 1985). Clay is the primary component 

of the ochre paint, synonymous with many aspects 

of Māoridom; used on traditional Wharenui, Pou, 

and on warriors in times of battle.  The clay was fired 

in a pit and subsequently ground and mixed with 

shark oil (see fig. 48).  Locally in the Poverty Bay Clay 

was also used for medicinal use as a scouring soap, 

and ointment (see fig. 49). Locals fondly reminisce 

childhood stories of using clay to encase kaimoana 

(seafood) as it was cooked within a hāngi. There are 

even whisperings of a local pottery history - though 

these have never been substantiated within the 

history books, it is chronicled within Māori lore. 

Within this body of research, the lack of strict kawa 

(protocol) that are bound with the more prevalent 

Māori art forms of whakairo (carving) and raranga 

(weaving) has enabled a more open and free forum 

for research. The best explanation of this comes from 

the distinguished Māori, East Coast Potter, Baye 

Riddell (Ngāti Porou) who expands on his experienc-

es during his own ‘ara uku’ (clay path). 

We felt each artist should explore and develop 

for themselves, and we did not feel the need 

to impose any kawa (protocols) that were 

inherent in the more traditional Māori Arts. 

Each artist could develop their own kawa to 

show respect for the elements and materials 

that are brought together to produce a taonga 

(work). 

- Baye Riddell (as cited in Lange, 2021, p. 38)

As a result, a process has developed alongside discus-

sions with tangata whenua. Though of course there 

are many traditional kawa that are intrinsic to all 

processes in Māoridom, none is more important than 

Karakia (prayer). Karakia presents the opportunity to 

make thanks for the gifts from the whenua, and for 

tangata whenua allows them to connect with their 

ancestors and creators who have laid the way.

All in all, the excitement of Ngai Tāmanuhiri Iwi 

members to utilise their local resources, not only 

reinforces the strong connection that they have to the 

land but also shows their willingness and openness to 

collaborate and share their cultural identity.

C L AY  I N  M Ā O R I D O M

An Overview

2.0.4

TĪMATANGA – FIRST STEPS
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^ top

Fig. 48. Authors traditional ochre paint made with powdered fired clay and fish oil.

^ bottom

Fig. 49. Natural ointment made by Iwi member, Di Kemp.



CO1

C04

C03

C05

C06

C07
C08

CO2

CO9
C10

C11

C12

COOP ROAD 38°45’39.66”S 177 °55’19.30E

WILLIAM ROAD 38°46’19.32”S 177 °54’11.07E

PAKOWHAI RD A 38°44’36.52”S 177°54’13.33”E

FOLEY RD 38°43’34.06”S 177°54’44.91”E

SADDLERS RD C 38°42’33.56”S 177°54’34.48”E

SADDLERS RD B 38°42’33.50”S 177°54’34.27”E

SADDLERS RD A 38°42’34.65”S 177°54’26.97”E

PAKOWHAI RD B 38°44’43.09”S 177°53’44.58”E

MARAETAHA RD A 38 °50’2.00”S 177 °53’35.41”E

MARAETAHA RD B 38 °50’1.73”S 177 °53’35.18”E

RANGIWAHO 38 °50’37.55”S 177 °53’57.53”E

WHAREONGAONGA 38 °52’52.99”S 177 °52’23.99”E
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The clays of the Poverty Bay are what is 

known as secondary clay, not as a deroga-

tory term, but as a reference to the fact 

that over the course of millions of years’ 

geological forces have modified them in 

both structure and composition (Warshaw, 

2003). 

Originally clay was formed from decom-

posed volcanic (igneous) rock, and in its 

primary form is a compound of silica and 

alumina (Scott, 1998).  However, grad-

ually with glacial action, river runs, and 

the process of sedimentation, a variety of 

other organic matter are integrated such 

as carbon, iron, potash, magnesia and 

various other minerals. The most apparent 

of which is iron, that in many worldwide 

locations accounts for the red colouring of 

terracotta. Geographic differences in loca-

tions, therefore, make the clays of each area 

very special and unique (Scott, 1998).

In the case of Ngai Tāmanuhiri, unique 

clay is present all around, in fields, gardens, 

riverbanks and along roadsides.  Samples of 

clay were taken from 12 various locations 

(see fig. 50) from within Ngai Tāmanuhiri 

Rohe from advice given by members of the 

community.  A simple pottery ‘ball test’ (see 

fig. 44) or ‘plasticity test’ has been employed 

to test whether the sample possessed suffi-

cient clay qualities to be fired into ceramics 

(Warshaw, 2003). Clay was sourced mainly 

from roadside locations and riverbanks 

due to easy access.

<<

Fig. 50. A map of Clay sample locations and Coordinates.

A C Q U I R I N G  L O C A L  C L AY

Kawa - Procedure

2.0.5

TĪMATANGA – FIRST STEPS



C09 MARAETAHA RD A 
38 °50’2.00”S 177 °53’35.41”E

Description: Roadside bank visible 
terrible, golden clay

C02 WILLIAM ROAD 
38°46’19.32”S 177 °54’11.07E

Description: 1500mm under top soil, 
light grey colouring

C01 COOP ROAD 
38°45’39.66”S 177 °55’19.30E

Description: 1200mm beneath top soil.

C05 FOLEY RD 
38°43’34.06”S 177°54’44.91”E

Description: Roadside slip

C06 SADDLERS RD B 
38°42’33.50”S 177°54’34.27”E

Description: River Bank

C10 MARAETAHA RD B
38°50’1.73”S 177°53’53.18”E

Description: Sample collected from 
visible Iron seam
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C11 RANGIWAHO 
38 °50’37.55”S 177 °53’57.53”E

Description: Surface slip

C12 WHAREONGAONGA
38 °52’52.99”S 177 °52’23.99”E

Description: surface slip near forestry

C03 PAKOWHAI RD A 
38°44’36.52”S 177°54’13.33”E

Depth: 1500mm

C04 PAKOWHAI RD B 
38°44’43.09”S 177°53’44.58”E

Depth: Surface collection from slip

C07 SADDLERS RD A 
38°42’34.65”S 177°54’26.97”E

Description: River Bank

C08 SADDLERS RD C 
38°42’33.56”S 177°54’34.48”E

Description: Roadside ditch, surface 
collection, 1000mm below ground level



POWERED LOCAL CLAY
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C L AY  P R E PA R AT I O N

Kawa - Process

A process of refinement is required for the natural 

clay to become  an adequate quality for any ceramic 

use. 

The first step requires the drying of clay before  

subsequently crushing it to the consistency of flour. 

The powdered clay is then passed through a sieve 

allowing any foreign, alien materials as well as any 

clay that remains too coarse to be removed.   

The powder is then emulsified in water and left to 

stand for over 24 hours (Lambert, 1985). Though it 

seems counterproductive (drying the clay only to 

submerge it in water) this is the only method that 

enables certainty that the water will fully penetrate 

the microscopic pores of the clay particles (Scott, 

1998). Once the clay has settled on the bottom of the 

barrel any water not absorbed and any organic vege-

tation that has risen to the surface may be carefully 

poured away. 

After this, the clay ‘slop’ is dried either spread out 

on a plaster surface or using a muslin cloth. After 

approximately another 24hrs the clay is now in its 

final plastic state and ready for wedging and shaping 

for various applications (Warshaw, 2003).

Later chapters address the process of firing the 

formed and dried the clay.

<<

Fig. 52. Photos documenting the process of refining clay.

2.0.5

TĪMATANGA – FIRST STEPS



POWERED LOCAL CLAY

C01

C05

C09

C02

C07

C10

C03

C08

C11

^

Fig. 53. Powdered clay samples C01 - C11 ready for emulsification in water.

>>

Fig. 54. Close up of powdered Clay sample C12 ready for emulsification in water.

2.0.4

TĪMATANGA – FIRST STEPS
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C12  
 

      40° 54’ 58.7016’’ S, 175° 0’ 54.0252’’ E



^

Fig. 55. Clay body samples C01 - C11 ready for drying and subsequently firing.

>>

Fig. 56. Close up of  clay body sample C12 ready for drying and subsequently firing.

C01

C05

C09

C02

C07

C10

C03

C08

C11

PLASTIC STATE

2.0.4

TĪMATANGA – FIRST STEPS
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C12
 

      40° 54’ 58.7016’’ S, 175° 0’ 54.0252’’ E



^

Fig. 57. Fired samples C01 - C11.

>>

Fig. 58. Fired sample C12.

C01
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C09

C02

C07

C10

C03

C08

C11

FIRED STATE

2.0.4

TĪMATANGA – FIRST STEPS
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C12 
 

40° 54’ 58.7016’’ S, 175° 0’ 54.0252’’ E



CLAY TESTING

Once fired numerous tests can be conduct-

ed to understand better the properties of 

particular clay. 

Shrinkage Test

Shrinkage is one of the most problematic 

characteristics of clay and occurs primar-

ily between the leather hard and bone dry 

stages but also during firing. Rates of shrink-

age vary between 10-13% depending on the 

clay (Warshaw, 2003). Shrinkage can cause 

distortion as some areas dry more quickly 

than others, and even more problematic is 

cracking, which is a common hazard. The 

best way minimise risks is to dry clay slowly 

and evenly in a temperate environment 

(Scott, 2003). By performing the shrinkage 

test above (see fig. 59) before producing 

any final work, the rate of shrinkage can be 

incorporated into the design.

Fired Maturity Test

It is critical that ceramic building mate-

rials resist water to prevent frost damage. 

To ensure that the clay has fully vitrified 

(reached full maturity) a water absorption 

test must be undertaken. Firstly, fired peices 

are weighed, then they are submerged in 

boiling it in water for 2 hours. If the clay 

remains the same weight after boiling 

it is fully vitrified and no longer porous 

(Warshaw, 2003).

-11.1%
-6.3%

Leather-hard Bone Dry Fired State

^

Fig. 59. A diagram illustrating my own shrinkage test with a 11.1% shrinkage rate between Leath-

er-hard and Fire State. 

2.0.7

TĪMATANGA – FIRST STEPS
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A  M O S T  P R I M A L  A R T

Reflection

‘The world seems made for potters. Earth, 

water and fire are the basic elements of the 

craft that have been part of man’s life since 

the earliest times” (Casson, 1977, p. 4). It is 

a profound experience taking clay from 

nature and after adding layer upon layer of 

work seeing the final product emerge from 

the kiln as a vitrified and robust artifact. 

It is clear that clay is a viable, and durable 

building material the challenge now, 

however, is how to create viable building 

components utilising digital tool as outlined 

in the project scope.    

2.0.8

TĪMATANGA – FIRST STEPS



^

Fig. 60. Complete clay samples taxonomy.
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A  S M A R T  B R I C K

2.1



^

Fig. 61. Clay mold being cut using a CNC machine from custom design 3D model 

created in Rhinoceros.

>>

Fig. 62. Bottom section of a complete two-part mortar-less brick mold.

2.1.1

A SMART BRICK
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C E R A M I C  C O M P O N E N T S

Mold Making

As a design investigation, ceramic masonry 

‘smart-brick’ modules have been created. 

Through the use of recursive geometries, 

components can be stacked into filigree 

structures or walls. These have been made 

using press molds cut from rigid foam using 

a CNC Modela (see fig. 61). 

The inclusion of reinforcing cavities within 

the ‘smart-bricks’ shown on the follow-

ing page enables post-tensioning ensuring 

structural integrity. Furthermore, the inter-

locking/recursive shapes reduce the need for 

mortar, allowing the potential for assembly 

by untrained labourers and various configu-

rations (see fig. 64). 

A final series of explorations with ABS 

plastic modules illustrates the possible intri-

cacy achieved through replication and tiling 

techniques (see fig. 65).

2.1.2

A SMART BRICK

^

Fig. 63. Fired clay objects.
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>>

Fig. 103. Components of a Clay breeze wall 

intended as an external envelop of a dwelling.



^

Fig. 64. Fired clay Mortar-less, ‘Smart-Bricks’ formed with a CNC mold.



116





118

<<

Fig. 65. ABS printed prototypes investigate the 

tiling potentials in replication of a single element.

^

Fig. 66. ABS printed prototypes are able to be 

arranged in various configurations.

2.1.3

A SMART BRICK
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to produce - with up to 17 hours of CNC 

machining. As a consequence, the are limits 

on customisation possibilities. Also, the act 

of using a mold introduces a foreign material 

which does no align itself to the ‘indigenous’ 

material palette outlined in the scope. 

Though mold making has enabled the 

creation of high-resolution prototypes, 

there are many flaws in the method of fabri-

cation. Firstly, using mold making technol-

ogy requires a mold which can prove to be 

complicated and slow. The mold itself is a 

wasteful by-product and is time-consuming 

H O W  S M A R T ?

Reflection

<<

Fig. 67.   From one single module an infinite amount of possibilities are achievable. 

2.1.4

A SMART BRICK





CERAMIC PRINTER P H A S E  N O.1

2.2
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M Y  F I R S T  P R I N T E R

Specif icat ions

As discussed in Chapter 1.1, The Digital Paradigm, 
3D Printing present an enormous number of 
opportunities for the architecture industry.

This printer (fig. 69), a small scale Ceramic Delta 
printer, enables components of up to 100mm x 
100mm to be printed. A layer deposition printer 
by definition, it relies on air pressure from a small 
compressor to force the clay through the print 
head.

The general design of this printer utilises infor-
mation from Johnathon Keep’s website, www.
Keep-art.co.uk (Keep 2013). Rep-rap electronics 
control the printer while other components are 
from various Online avenues. The frame is laser 
cut from 6mm clear acrylic.

<<
Fig. 68.   Image of Authors bedroom as construction of the 
printer commences. 

1

2.2.1

PRINTING PHASE NO.1



MY FIRST PRINTER

^

Fig. 69.   A small ‘Delta’ ceramic 3D printer built by 

author utilising instructions from John Roach’s website.

>>

Fig. 70.   Early experimental print.

2.2.1

PRINTING PHASE NO.1
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^
Fig. 71.   Time-lapse showing print progression
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^
Fig. 72, 73, 74. Final printed and bisque fired products.

MY FIRST PRINTS

2.2.2

PRINTING PHASE NO.1
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It is clear that the potential of printing tech-

nology to advance architectural fabrication 

is enormous. This small prototype printer 

shows that it is very plausible to build 

a printer for the construction industry. 

However, for any such printer to be a useful 

tool an increase in scale is necessary. Addi-

tionally, the focus must now shift towards 

the design of a building and digital compu-

tation tools that can enable a workflow and 

design that capitalises on the capabilities of 

3D printers for Architecture. 

PRINTING POTENTIAL

Reflection

<<

Fig. 75.   A print gone wild illustrating the developments still required.

2.2.3
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THE PAVIL ION DESIGN P H A S E  N O.1
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Parametric tools (described in Chapter 

1.1) present an enormous opportunity for 

Architects to design extremely complex 

geometries without undermining the build-

ability of such designs.  Furthermore, these 

advances enable the designer to generate 

automated ‘nesting and tagging’ allowing 

large amounts of data to be neatly organised 

for rapid production. 

Within the context of Māori craft, these new 

tools can enable sophisticated designs that 

are more reflective of the intricate patterns 

(see fig. 76) of traditional art-forms of 

whakairo (carving) and raranga (weaving). 

As aptly described by A. Bennett such work 

is of enormous cultural meaning to Māori 

and is part of their identity.

The following chapter not only documents 

the first attempt to integrate the clay-printing 

technology into an architectural outcome, 

but also the first attempt to geometrical-

ly create Māori motifs and patterning with 

parametric digital tools. Underlying these 

two aspects is also the development of a 

workflow to enable the use of 3D printing 

as a method of fabrication of automated 

nesting and tagging.

‘PARAMETRICISM’ MEETS CULTURE

A first attempt.

>>
Fig. 76.  Example of Intricate Māori craft (Shook, 2005). 

2.3.1
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^
Fig. 78, 79.  Images of the parametrically designed tiling system 

<<
Fig. 77.  Image depicting pavilion concept and showing the automated 
‘nesting and tagging’ of tiles ready to export for rapid prototyping . 

2.3.2

PAVILION PHASE NO.1



^
Fig. 80.  Reference plan of tile numbering system.

>>
Fig. 81.  218 Printed prototypes at a scale of 1:20 ready for assembly .

RAPID PROTOTYPING

2.3.3

PAVILION PHASE NO.1
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<<
Fig. 82.  Half assembled pavilion illustrating 
the recusive patterns of the tile components. 

^
Fig. 83.  Time lapse of the assembly of the 
pavilion.

2.3.3
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^
Fig. 84.  Pavilion prototype 3D printed at 1:20 scale with ABS plastic. 
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^
Fig. 85, 86, 87.  Completed 1:20 scale pavilion. 

>>
Fig. 88..  Plan photograph of pavilion concept.

2.3.4
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^
Fig. 89.  Local Kaumātua (elders) inspect printed pavilion (Ngai Tāmanuhiri, 2015). 



148

As a consequence of creating the Pavilion prototype, 

a number of key theories have been illustrated. These 

include; automated workflows (the file to factory 

paradigm), cultural patterning utilising paramet-

ric tools and mass-customisation. Furthermore, the 

pavilion invoked kōrero (discussion) from kaumātua 

(elders)  around the chosen patterning and what any 

final pattern should be. 

Though the reaction from locals and academics was 

generally positive a number of key areas remained 

unaddressed. These are as follow; 

• Development with Tangata Whenua of the narra-

tive informing the geometry of the desired pattern.

• Design of a more intelligent interlocking module 

utilising parametric tools.

• Development of a structural system.

• Production of large scale prototypes.

IN REVIEW

Reflection
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SECOND PRINTER CONSTRUCTION

A size increase

2.4.1

PRINTER PHASE NO.2
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As identified in Chapter 2.3,  for the printer 

to be useful for an architectural application 

an increase in size is necessary. Therefore, 

the second iteration of the printer delivers 

this with a larger print bed and cartridge 

capacity (see fig. 91). A larger compressor 

has also been sourced to accommodate the 

extra pressure required. The new printer 

stands at 1500mm tall and utilises a 100mm 

x 1m PVC pipe.

^
Fig. 91.  Printer iteration No.2. 

<<
Fig. 90.  MDF and pine frame elements are cut, painted and ready to be assembled.



^
Fig. 91.  Exploded axonometric of Ceramic 3d Printer Design.

>>
Fig. 92.  Completed printer ready for printing.

2.4.2

PRINTER PHASE NO.2
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PREPARATION FOR PRINTING

Slic3r Software

^
Fig. 93.  G Code ready to be sent to the printer via an SD card. 

>>
Fig. 94.  Slic3r software interface, a program that reads .STL files and allows user to generate a G Code 
based on the setting and specifications of their printer.

3D printers require a text file known as a 

G-Code (see fig. 93). This code is a list of all 

coordinates that the printer must travel to in 

the process of printing a 3D object. There are 

a variety of open-source software that can 

be used to generate the G-Code. The most 

favorable results produced in this research 

have been achieved with the software 

systems, Cura, and Slic3r. These programs 

allow control over a number settings to best 

suit specific machines and printing material.

In the setup shown below an 8mm print 

head has been used.

2.4.3

PRINTER PHASE NO.2
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^
Fig. 95.  Filling the printer Cartridge.

<<
Fig. 96.  Preparing the clay to the right plasticity.

2.4.3

PRINTER PHASE NO.2



^
Fig. 97.  A time-lapse showing the additive machine in action. 



160



^
Fig. 100, 101, 102, 103..  Various finished prints.

>>
Fig. 104.  Printer printing a twisting extruded ellipse 120mm x 90mm.

2.4.4

PRINTER PHASE NO.2
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Ceramists have a primal fascination with the power 

of fire on clay. Just as indigenous Māori were fasci-

nated by the brilliant ochre colours of clay once it is 

vitrified, this sense of intrigue and delight is one that 

has not diminished throughout the ages (Watkins & 

Wandless, 2004). 

The firing process is an integral part of any ceramic 

work. At temperatures upwards of 600 degrees 

a ‘ceramic change’ known as vitrification occurs 

whereby the material is no longer clay as it has altered 

both chemically and physically, a process that can 

never be reversed (Scott, 1998). An electric kiln (fig. 

103) is the most common form of firing pottery as it 

allows complete control over the temperature range 

and the speed at which the temperature increases 

and decreases. However, as this thesis argues for a 

more embedded approach that not only has cultural 

links but can be undertaken off-grid and on-site at 

large quantities, an alternative method has been sort. 

Though there are a variety of unconventional firing 

methods such as Raku (Japanese), Saggar, and Barrel 

firing, the most primal of them all the Pit Fire tech-

nique has been investigated (Watkins & Wandless, 

2004).

A pit fire is simply a hole, in the ground used as a 

firing chamber.  Not dissimilar in principle to a hāngi 

(see fig. 105), a fire is started above the pit reaching 

temperatures hot enough to fire the clay items below. 

The heat of the interior chamber, alongside circulat-

ing air and smoke create a variety of finishes that are 

a gradient of blacks, greys, and blushes of reds and 

pink. Once completely inflamed the temperatures of 

the pit chamber can soar to between 538-900°C. The 

colours of the finished ware are further intensified by 

the use of various organic combustible material such 

as sawdust, seaweed, driftwood and straw (Watkins & 

Wandless, 2004).

The remainder of this chapter documents the first 

experiments with Pit firing techniques. 

PIT FIRING NO.1

Birth by fire

2.4.5
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^
Fig. 105.  Cooking a hāngi for ANZAC celebrations April 2015, Muriwai.



^
Fig. 106.  Pit Fire taking place July 2015.

“Mā whero, mā  pango, ka oti te mahi.

By red and black the task is completed.”

Māori Proverb 
(Mead and Mead, 2010, p. 8)
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1.0

2.0

5.0

4.0

3.0

7.0

6.0

9.0

8.0

Dry and light timber

Newspaper and other fire starters

Drift wood and light and fast burning wood

Saw dust and wood shavings

Old bricks as pit base

Various reactants such as seaweed, coffee, 
magic dust

Fully bone dry ceramic works carefully 
stacked in layers

Pit approx 800mm square

Open flames

Although Pit firing techniques may give the impres-

sion of being a ‘low-tech’ method, it is a process that 

requires judgment and time to ensure, firstly, that 

ceramic pieces do not break, and secondly, that the 

work is fully vitrified (Warshaw, 2003).

To produce a successful firing many key steps are 

taken.

1. First, a hole approximately 800mm x 800mm is dug.
2. Old ceramic bricks are layered on the bottom of the pit to 
help contain the heat.
3. The lower portion of the hole is covered with a 100mm 
thick layer of sawdust.
4. Bone dry pottery is then placed carefully in layers 
surrounded by the combustible material such as kindling, 
newspaper and sawdust. Air gaps are purposely left to 
enable ventilation and smoke circulation. Clay products are 

stacked in layers until all pieces are within the pit. 
5. Larger light timber is subsequently stacked on top of the 
pit to form the bonfire.
6. The pit is then lit and burns for approximately and two 
hours until only hot embers remain.
7. A heavy metal lid then is placed on top of the fire 
remnants and covered with soil; small air holes are left to 
ensure the fire does not die out.
8. The Pit is then left overnight to burn fully out.
9. Once the pit has completely cooled the final work is 
removed, and the pit is doused with water.
10.   Work is then cleaned with a stiff brush and a paste wax  
is applied to finished works.

Alternative Kilns & Firing Techniques by Watkins and 

Wandless has been the primary source of Pit firing 

techniques and provides a thorough explanation of 

Pit Firing methods (Watkins & Wandless, 2004).

PREPARING THE PIT

Steps taken

^
Fig. 107.  Illustration of a typical Pit fire composition.

2.4.6
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^
Fig. 108.  Bonfire fully a flame.

>>
Fig. 109.  Lighting of the fire and subsequent covering of the embers.

<<    PREVIOUS 

Fig. 110.  Packing of the pit.

2.4.6
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^
Fig. 111.  The soil covering the metal lid is removed.

>>
Fig. 112.  Following a night of slow smoldering the pit is uncovered to reveal the fired ceramic outcomes.

2.4.7

PRINTER PHASE NO.2
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^
Fig. 113.  Ceramic 3D print is revealed as a vitrified ceramic object.

>>
Fig. 114.  Once the pit has fully cooled the ceramic work is removed for cleaning.

2.4.7

PRINTER PHASE NO.2
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The critical fascination with the potential of 
3D printing as a disruptive tool to bring about 
a ‘new frontier’ for architectural production 
and fabrication is globally a topic of interest. 
The preceding chapter proves the possibili-
ties that printing may have at a community 
level in the future. It is now not inconceiv-
able to believe that the materials, the design, 
the workman and the production could all 
be local. This paradigm presents enormous 
opportunities to empower - in particular 
indigenous - communities with the tools to 
create meaningful architecture. 

The further development of the printer and 
experimentation into a new, alternative, 
firing technique are both critical advances. 
Firstly, the printer enables the printing of 
larger scale components and secondly, firing 
of these elements can take place anywhere 
without specialty tools. There are however 
many further improvements that need 
consideration.

The Printer
Though the increase in the scale of the 
printer has yielded some success, many new 
problems have been discovered. 

Firstly, the compressed air extruder method 
is not a reliable and consistent technique, 
and it requires the clay to be extremely fluid, 
affecting its structural strength and ability of 
printed to hold complex geometries. A new 
system is under development using either a 
mechanical or hydraulic system to drive the 
clay. 

Secondly, though the increased frame size, 
in theory, should enable a larger print, it 
is apparent that the 8-bit Rep-rap mother-
board cannot calculate geometries of larger 
than 180mm leading to chaotic print paths 
and failed prints. Therefore, a 32-bit moth-
erboard, Duet, shall be incorporated into 
the design. The increased printer frame also 
limits the portability of the printer some-
thing that needs addressing. 

Lastly, the overall approach so far has been 
experimental with components hand built 
using woodworking machines; it is clear 
that a more rigorous approach to construc-
tion and design would benefit the overall 
outcome. 

A DISRUPTIVE TOOL

Reflection

<
Fig. 115.  Fired 3D prints.

2.4.8
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^
Fig. 116.  Fired prints are tied together with the muka from harakeke (fibers from flax) rope.
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DESIGN EXPERIMENT R E C I P R O C A L  S T R U C T U R E

2.5



RECIPROCAL STRUCTURE

Adaption of work-flow 

Though this concept is never developed 

further within the undertaking of this thesis, 

it is a necessary step as it demonstrates the 

adaptability of both the printing technology 

and parametric digital workflows to design 

a variety of different nonregular and compo-

nent based architecture.  This design would 

utilise steel reinforcing within the compo-

nents that would undertake tension forces 

while the multiple joints would reduce the 

stress on each connection.

 

The triangulations of the frames is a direct 

reference to the pātiki (flounder) patterning 

in traditional Tukutuku panels.

^
Fig. 117.  Frames taken from an animation illustrating the RF Structure taking form as it is assembled.

>>
Fig. 118.  As a result of the automated workflow, components are ‘nested & tagged’ ready for printing.

2.5.1

DESIGN EXPERIMENT
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^
Fig. 119.  Printed components are numbered and ready for assembly.

<<
Fig. 120.  Reciprocal component prototypes are fabricated using an UP Box Mini ABS 3D printer.

2.5.2

DESIGN EXPERIMENT



^
Fig. 121.  Scale prototype - as the printer is paused reinforcing can be added mid print and backfilled with sand. Later the sand would 
be removed, and the frames would be back-filled with concrete.   

>>
Fig. 122.  Three modules that illustrate the RF connection pattern.
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A REAL PROTOTYPE: The methodology.

Presently plastic 3D printers are used within the 

architecture industry as a means to make accurate 

scale representations of a design proposal (Doscher, 

2012). Though this is extremely helpful in realising 

a design in the physical realm it does not present a 

real prototype as there is no correlation between the 

fabrication techniques used for the actual buildings 

construction and the plastic prototype.

In contrast, this thesis argues that because the final 

method of construction is intended to be printing, 

the scale plastic models presented here are real life 

working prototypes that prove the feasibility of the 

methodology for use in any printed, human-scale, 

architectural outcome.  
^
Fig. 123.  Assembly of Reciprocal Structure 1:20 Prototype.

2.5.2

DESIGN EXPERIMENT
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Though this design primarily functioned as a test of 

the adaptability of digital workflows, it has enabled 

techniques to be further developed. In conjunction 

with a structural engineer such a design is certainly 

feasible and with further development of the overall 

architectural form could yield exciting results.

However, the original Pavilion design is favoured for 

a variety of reasons but primarily as it enables the 

development of more geometrically complex and 

culturally rich components. 

POTENTIAL

Reflection

^
Fig. 124.  Close up of finish Reciprocal Structure.
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Due to the pitfalls that are a consequence 

of the quick construction methods of the 

second printer a more rigorous and exacting 

approach has been sort. In line with the 

general scope of this thesis, digital tools have 

been used to precisely design and fabricate 

the printer and extruder. This method also 

allows the digital blueprint to be used to 

reproduce additional printers in the future. 

The acquisition of new critical parts has 

greatly benefited the overall printer with the 

hope that the printer will be able to produce 

larger and higher resolution 3D prints as a 

consequence. Furthermore, the addition of 

battery power means that the printer can be 

used entirely off-grid.

Printer Iteration No.3

Like the proceeding printer prototypes, the 

newest model remains a Delta type printer.  

However, unlike the others, this printer 

benefits from a substantial upgrade in elec-

tronics as a result of the incorporation of 

a Duet motherboard and Panel Due touch 

screen interface from Think3dprint3d. As 

mentioned in Chapter 2.5 the increase from 

an 8-bit to a 32-bit processor will enable 

larger scale prints. Instructions on how 

to use the  Duet motherboard have been 

sourced from David Crockers design solu-

tions blog and though Crockers printer is 

a smaller plastic printer many of the ideas 

have translated to this printer (Crocker 

2015). Another improvement is the new 

collapsible design enabling the printer to be 

transported to a site for ‘In-Situ Fabrication’ 

very easily. 

The printer stands at 1600mm and 900mm 

wide. All hardware has been fabricated 

using 18mm pine plywood CNC milled and 

printed with the UP Box ABS 3D printers 

from a digital model designed in Rhinocer-

os 3D.

Extruder Mechanism

A Nosen worm screw jack is the primary 

component of the extruder mechanism. 

With a stroke length of 1100mm and a gear 

ratio of 1:5 the jack has a lifting capacity of 

1T and with a piston attached will drive the 

clay through the print head. Coupled with a 

24V DC motor (re-purposed from a fishing 

winch line) and DC variable speed control-

ler, the extruder should have ample strength 

for the task.

PRINTER ITERATION NO.3

The new design

<<
Fig. 125, 126.  Images illustrating the close comparison between the digital Rhinoceros 3D model and 
the final Printer once constructed.

3
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Fig. 127.  Exploded Axonometric of Delta Ceramic 3D Printer Iteration 3.
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Fig. 128.  Exploded Axonometric of Clay Extruder.
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Fig. 129.  Orthographic Projection of Ceramic 3D Printer.
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^
Fig. 130.  Orthographic Projection of Clay Extruder.
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^
Fig. 131.  DWG extruder and printer files ready for CNC milling.

<<
Fig. 132.  Victoria University CNC machine cutting out clay extruder components.

FABRICATING THE FABRICATOR 

Subtractive Fabrication

2.6.2
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^
Fig. 133.   UP Box printing the motherboard housing.

>>
Fig. 134. 3D Models of Printed Components Modeled in Rhinoceros 3D.
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FABRICATING THE FABRICATOR 

Additive Fabrication



^
Fig. 135.   Over 250 individual components modeled in Rhinoceros and 3D printed using an UP Box ABS 3D Printer.
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The advantages of additive technology for 
manufacturing and product design are 
enormous. A designer can now develop a 
sophisticated and complex object of any 
geometry in the morning and have the 
physical component printed the same 
day. Furthermore, products can be made 
with extremely high levels of precision, 

with a tolerance of 0.10 mm achievable.

This particular printer assembly contains 
over 250 individually modeled and 
printed components. Digital Models were 
first created in Rhinoceros and printed 
with UP Box 3D Printers.

ADDITIVE FABRICATION

For Product Design

^
Fig. 136.  Assembled Delta print-head.

<<
Fig. 137.  Delta arms and print-head components pre-assembly.
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^
Fig. 138.  Assembled delta arms and print head.

>>
Fig. 139.  Collection of 3D printed components.

2.6.2
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^
Fig. 140.  Printer components ready for assembly.
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^
Fig. 141.  Close up of CNC plywood joints.

^
Fig. 142.  Extruder motor and Nosen worm screw jack have been installed into housing.

^
Fig. 143.  Circuit Diagram.
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^
Fig. 144.  Extruder housing is partially assembled.

^
Fig. 145. Plywood is coated in polyurethane.

^
Fig. 146. Speed controller, end-stops and DPDT switch are installed.
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^
Fig. 147.  Printer electronics.

>>
Fig. 148.  Printer electronics are installed and fitted into the housing.

ABS 3D Printed Electronics housing.

Power plug and switch.

Micro SD card slot.

Duet 32-bit 3D printer motherboard.

Panel-Due, touch screen display interface.
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3.

4.

5.
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>>
Fig. 149.  Final assembled printer and 
extruder.
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^
Fig. 150.  Printer controller and Panel Due touch screen.

>>
Fig. 151.  Finished Ceramic 3D Printer.

2.6.5
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^
Fig. 152.  Printer head with 6mm brass nozzle fitted.

<<
Fig. 153. Image of custom 3DP  print head and pipe holder.
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^
Fig. 154.  Close-up of extruder 24V DC motor, Nosen worm screw jack and steel sprocket and chain 
attached.
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^
Fig. 155.  ABS extruder controller housing.

>>
Fig. 156.  Extruder with clay cartridge fitted.
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^
Fig. 157.  Close up of printed hinges allowing the printer to be collapsed for travel.

<<
Fig. 158.  Folded printer ready for transport to site.

2.6.5

PRINTING PHASE NO.3
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An enormous new advancement is that the 

entire printer and extruder can be folded 

and collapsed for transportation to site. 

Additionally, the incorporation of batteries 

as a power source means that printing can 

take place virtually anywhere. Four 12V 12A 

batteries can power the printer and extruder 

for approximately 3-4 hours of printing 

before needing recharging. In the future 

through investment in readily available 

12V solar panel chargers, the printer could 

be used long term in locations without and 

mains power. Also, the use of stronger (but 

more expensive) deep-cycle batteries would 

increase running times between charges. 

IN-SITU FABRICATION

Off-grid Printing

<<
Fig. 159. Time-lapse of printer as it is collapsed 
for transport.

2.6.6

PRINTING PHASE NO.3



Test printing of the third printer has taken 

place in the warehouse, J2, that has kindly 

been offered by local forestry company, 

Juken. A large amount of clay, sourced from 

Whareongaonga (a historic site within Ngai 

Tāmanuhiri history and the present location 

of an Iwi owned farm), has been transport-

ed to J2 for processing and subsequent 

printing. Though the printer is operating on 

battery power, while initial flaws are being 

ironed out it seems necessary to operate 

from a sheltered and permanent location. 

PRINTING

On-site

>>
Fig. 160, 161.  The setup.

2.6.7

PRINTING PHASE NO.3



230





232

Currently, a ‘just right’ methodology has 

been used to determine the correct consis-

tency of clay for printing. This could best 

be defined as the consistency of ‘chocolate 

mousse’. It is a delicate balance because if 

the viscosity of the clay is too high there 

is enormous pressure on the extruder and 

also new layers will not bond to previous 

layer resulting in unsatisfactory prints. 

On the other hand, if the viscosity is too 

low the plastic strength is not sufficient to 

maintain form as shown above. A variance 

in the water-to-clay ratio between prints 

would also have repercussions down the 

line with different shrinkage rates creating 

size deviation in interlocking parts. Overall 

it is clear that a more scientific approach is 

necessary. In future clay powder will need 

to be weighed before emulsification in water 

and continually weighed until the weight of 

the drying (plastic) clay drops to the desired 

weight and corresponding ratio.

TOO MUCH PLASTICITY

Achieving the Perfect Mix

^
Fig. 162.  Water-to-clay consistency gone wrong. 
<<
Fig. 163.  Simple 300mm test cylinder with 8mm extruder head and 5mm layer height. 

2.6.7

PRINTING PHASE NO.3



^
Fig. 164.  Aerial time-lapse of 300mm test Cylinder with 8mm extruder head and 5mm layer height.
>>
Fig. 165.  Close-up of printed layers.
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2.6.5

PRINTING PHASE NO.3

^
Fig. 166.  300mm x 140mm 3d Print.
<<
Fig. 167.  Aerial View of Printer in action.





PAV I L I O N  D E S I G N  D E V E L O P M E N T

2.7



Silent and solitary, the stingray glides through 

the depths of the ocean as a spiritual guardian 

among the wonders of nature.  

Throughout Ngai Tāmanuhiri history te 

whai, the stingray, has been a poignant 

symbol for resilience, intelligence, strength 

and tenacity. Although considered a peaceful 

animal, when challenged the whai becomes 

a fierce and powerful opponent. The rever-

ence held for the whai by Ngai Tāmanuhiri 

is illustrated through its recurrence in place 

names, carved and woven patterns found in 

meeting houses and of course local kōrero 

(stories).

Thus, it is fitting that the base geometry of 

the clay modules is inspired by the whai. The 

use of natural symbols talks to the symbiot-

ic relationship between humans and nature, 

and the role of kaitiakitanga, the belief that 

humans are protectors of the environment.

The following chapter presents the develop-

ment of the parametric model with devel-

opment of the base ‘whai’ module. This 

development sees the integration of an 

interlocking joint, that unlike the preceding 

‘butt’ joint between the recursive modules 

is overlapping and interlocking. This allows 

for post tensioning akin to that shown 

within Chapter 2.1, The ‘Smart-Brick’ and 

the ability to shed water. Furthermore, 

the need for an initial form-work to build 

assemble the pavilion on top of has led to 

the development of a parametric structural 

model that could be constructed using steel, 

bamboo, plywood or a more primitive - but 

less costly - option an earth mound.

T E  W H A I

Development of the Module

2.7.1

DESIGN DEVELOPMENT
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^

Fig. 168. Te Whai - The Stingray (Bongiovanni, 2011).



^

Fig. 169, 170. Plan view of parametric pavilion with overlaid reference numbers corresponding 

to the ‘nested’ models. 
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2.7.3

DESIGN DEVELOPMENT

^

Fig. 171. Developed interlocking and overlapping ‘whai’ tile module with allowances for post tensioning 

with galvanized tension wire enabling a compression structure.

<<

Fig. 172. Development of nesting and tagging with more reliable result, without any irregularities in 

output polysurfaces. All orientated geometries are ‘closed b-reps’ allowing direct output to 3D printer. 



L E V E L S  O F  A P E R T U R E
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^

Fig. 173. Tiles are dispatched based on volume, orientation, and location, this means that the 

placement of penetrations can be determined based on various parameters.



2.7.4

DESIGN DEVELOPMENT

^
Fig. 174.  Structural parameters.

>>
Fig. 175.  Multiple iterations of structure enabling the model to be 
updated and modified based on various engineered solutions.
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FINAL PAVIL ION DESIGN

2.8



^

Fig. 176. Exterior perspective of pavilion structure in front of the backdrop of Te Kurī-a-Pāoa.
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Though this research investigates the new 

paradigm whereby 3D files are in them-

selves forms of documentation for project 

delivery. Plans are included as a means of 

representation and communication of the 

final design. 

1.0, 3D Printed Ceramic Modules 

The final iteration of ‘whai’ inspired ceramic 

modules that are developed throughout the 

thesis are documented. These vary in size, 

with the greatest dimension on any tile 

between 300mm to 580mm, which is within 

the constraints of the current 3D printer.  In 

total, through parametric tools, there are 

237 individual tile geometries.

2.0, Support Structure & Raupo (Local Plant) 

Insulation

To construct the pavilion a formwork must 

be assembled, for this project, this has been 

parametrically designed with steel. Though 

the pavilion could, in theory, be self-sup-

porting (through the post-tensioning of 

modules), in the interests of permanence 

and depending on the structural engineering 

of the pavilion, the steel may need to be left 

in place. Therefore, as a provision, the steel 

frame is designed in a manner that can be 

constructed in the future. A further incen-

tive is a local steel engineer involved with 

the Iwi. The inclusion of Raupo as insulation 

as akin to traditional whare. The impressive 

thermal qualities of Raupo meant it became  

a critical material for early Māori.

3.0, Interior Finishing & Woven Ceiling 

Lining

Lastly, custom designed furnishings for 

within the pavilion have been developed. 

Though these are not the primary focus 

of the research component of this thesis, 

they provide the opportunity to illustrate 

the potential in digital fabrication and 3D 

printing to deliver complex and nonstan-

dard forms. The architectural language 

developed is indicative of the organic and 

rugged natural environments that the 

pavilion is set within.  

CONSTRUCTION SET

Drawings

2.8.2

FINAL PAVILION DESIGN

>>

Fig. 177. Exploded axonometric of final pavilion design.
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FIVE BASE TILE MODULES
Axonometric
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2.8.2

FINAL PAVILION DESIGN

3.0 3D Printed Modules

^

Fig. 180. Exploded axonometric of modules as they are post-tensioned with galvanized wire.

<<

Fig. 179. 237 individual ceramic modules developed through parametric tools ready for 3D printing.
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Bottom Plates.
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2.0 Interior Finishing & Woven Ceiling Lining

FINAL PAVILION DESIGN

1
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^

Fig. 182. Interior perspective of the pavilion showing interior furnishings.
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2.8.3

FINAL PAVILION DESIGN

^

Fig. 184. Printing taking place on-site while the assembly of module on top of steel frame commences.

<<

Fig. 183. Section of pavilion structure, looking towards the south.
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2.8.4

FINAL PAVILION DESIGN

^

Fig. 186. Prototype fabricated at 1:10 scale enabling digital workflows to be tested. 

<<

Fig. 185. Taxonomy of tiles. 
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2.8.5

FINAL PAVILION DESIGN

^

Fig. 188. Assembly of 237 1:10 scale modules.

<<

Fig. 189. Taxonomy of tiles. 



^

Fig. 190. Assembly of 1:10 model.
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^

Fig. 191. Exploded photo of model showing, 1.0, tiles, 2.0, structure, 3.0, Woven interior lining.
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2.8.6

FINAL PAVILION DESIGN

^

Fig. 192. Elevation view photograph of interior 3D printed clay and cement furnishings.

>>

Fig. 193. Interior view of 1:10 pavilion model.
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2.8.6

FINAL PAVILION DESIGN

^

Fig. 195, 196. 3D printed ceramic basin 1:5 Prototype with ‘whai’ inspired patterns. 

<<

Fig. 194. Interior atmosphere generated by dappled lighting effects.



^

Fig. 197. Interior view looking toward the basin.
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The final design represents a culturally embodied 

architecture that negotiates the difficult junction 

between cultural and digital modes of thinking and 

operation. Through the involvement of Iwi members 

and local Mātauranga throughout the design process, 

the final design must be considered as an autonomous 

piece of architecture that is meaningful and individ-

ual to the Ngai Tāmanuhiri Community. Though 

digital fabrication is the primary mode of production, 

the envisaged construction would have a communi-

ty focus with communal collection, processing, and 

printing of the clay,  and assembly on-site. 

It is clear that without the use of additive fabrication 

and parametric tools, a design of this complexity, and 

with such a high level of mass-customisation, would 

simply not be possible.. Even with a team of master 

craftspeople working relentlessly by hand, the preci-

sion and speed of a CNC controlled additive fabrica-

tion machine cannot be attained. 

 

One critique of the final design has been the incorpo-

ration of a steel frame. Though this could have been 

omitted from this thesis, in the interests of transparen-

cy, and guidance from consultant structural engineers, 

the frame has remained. It is true that theoretically the 

interlocking tiles (through post-tensioning) could be 

self-supporting, and this remains the ultimate inten-

tion, in order to test, prove and comply with building 

regulations, the design of a solely post-tensioned 

pavilion with locally sourced clay does not fit within 

the time-frame and the scope of this thesis. 

The ability of the fabricator to elevate the local material 

for use within the architectural sphere has always been 

a meaningful possibility for Ngai Tāmanuhiri, and 

connects them, as indigenous people, to the wairua 

(spiritual essence) of the land. The efficacy of the final 

design illustrates the potential of digital fabrication 

to reflect the intricacy and complexity of traditional 

Māori craft. The possibility to further refinement of 

additive technology with clay for more broader uses is 

certainly an ambition for subsequent research.   

 

D E V E L O P E D  D E S I G N

Reflection

2.8.8

FINAL PAVILION DESIGN



^

Fig. 198. Completed pavilion at 1:10 scale.
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SURFACE EXPERIMENTATION

2.9



As the 1:10 scale prototype was purposely left mono-

lithic and thus not reflective of the rich materiality of 

clay, as a final design experiment a series of surface 

experiementations have taken place.

Glazing is a unique mixture of art, craft and chemistry 

that ultimately defines the final aesthetic and beauty  

(Andrew, 2005).

The process necessitates intense and direct physical 

involvement of the maker in a personal and 

elemental engagement between the controlled and 

the random (Andrews, 2005, p. 217). 

An important aspect of any ceramic ware is the surface 

finish - as this is what dictates the overall durability and 

aesthetics of the end product. The following chapter 

investigates the techniques used to create different 

glazes, both through pit firing and in an electric kiln.

INTRODUCTION TO GLAZING

Final Design Experiment

>>
Fig. 199.  A pit fire underway, November, 2015.

2.9.1

SURFACE EXPERIMENTATION
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The surface effects of pit firing are the result 

of chemical reactions that occur between 

the combustible material, air, the heat and 

the open flames. These materials are in 

direct contact with the dried clay products 

when stacked in the pit. The particularly 

primal and unpredictable outcomes have a 

real sense of nature and earthy tones akin to 

indigenous art, ‘harmonising ancient phil-

osophical and spiritual dimensions with 

modern sensibilities’ (Andrews, 2005, p. 

217).

PIT FIRED SURFACE EFFECTS

Product Design

^
Fig. 200, 201, 202.  Images of combustible materials before and after being packed in layers into the pit.

2.9.2

SURFACE EXPERIMENTATION
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Selected Combustible Materials

Hessian-wrap : HW

Pine saw dust : SD

Egg shells : ES

Coffee Grinds : C

Cat Litter : CL

Clover Hay : CH

Grass clippings : GC

Workshop wood shavings : WS

Coconut  Fiber : CF

Metal Shavings :  MS

Salt Coating : SC

Magic dust : MD

Mussel Shells : MS

Seaweed : SW

Banana Skins : BS

Drift Wood : DW

Clay Slip : CS

Salt Water : SW

1.

2.1. 3. 4. 5. 6. 7. 8. 10. 11. 12. 13. 14. 15. 16.9.

6. 15.

2.

7. 16.

17.

18.

3. 12.

8.

4. 13.

9.

5. 14.

10.

11.



^
Fig. 203.  Pit fired ceramics.

2.40

FABRICATION
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^
Fig. 204.  Pit fired ceramics 01-18

01
M > MD > SW  

04
MD

07
H > S > CO

02
OC >> SD

05
HW > S > CO

08
MD

03
CO

06
CO > MD

09
C > MD > SD
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10
MP > SC >SW

13
MP > CH

16
MP > MD

11
SW > MP > CH

14
SW > M

17
CS > SC > CH > CO

12
CH > MD

15
CS > SW> SC

18
SW > CS > MD



^
Fig. 205. Tiles arranged in a lapping configuration to illustrate architectural possibilities.

>>
Fig. 206. Pit Fired Tiles 19-27.
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19
CS > 2P MD

22
HW

25
S > GS

20
MS > S > MS

23
MD > DS

26
CO > SC > GS

21
MD > SW > SC > H

24
ES > DS > MS

27
MD > HW > SD



28
CS > WS

31
NOTHING

34
WC > MS

29
SW

32

35
WS > MS

30
NOTHING

33
MS > MD > S > CL

36
SD
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^
Fig. 208. Tiles arranged in a lapping configuration to illustrate architectural possibilities.

<<
Fig. 207. Pit Fired Tiles 28-36.



Like the indigenous ingredients used in 

Pit Firing techniques, the ingredients of 

more mainstream glazes are also found in 

nature. These, however, have been further 

refined to their elementary form. A simple 

glaze comprises of three primary compo-

nents; silica to form the glass, Flux to melt 

the glass and Alumina to stiffen the glass.  

From there, however, an enormous amount 

of complexity is added as more ingredients 

are combined, each reacting in a multitude 

of different ways (Scott, 1998). 

The components used in this experiment 

include; Ash: A, Soda Feldspar: SF, Potash 

Feldspar: PF, Matt Black: MB, Turquoise: 

T, Honey-yellow: HY, Semi-Opaque Clear: 

SOC.

GLAZING IN THE KILN

>>
Fig. 209.  Tiles 01 - 09 fired in an electric kiln 
with various glazes.

2.9.3

SURFACE EXPERIMENTATION
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01
A

04
SF

02
A >> SF

05
SF >SF

08
PF >> PF

08
SF >> MB

03
SF >> SOC

06
SF >> A

09
PF >> A



10
PF >> MB

15
MB|MB

20
A >> / TG

25
PF >> SF

30
SF >> SF

11
MB >> MB

16
MB >> SF

21
TG >> A

26
A >> SF

31
A >> MB

12
PF > MB

17
PF | PF >> SOC

22
A >> TG

27
SF >> SF

32
SF >> SF

13
MB >> PF

18
MB | MB >> SOC

23
SF >> SF

28
SF >> TG

33
SF >> TG>>TG

14
MB >> HY

19
SF >> SF

24
A >> / SOC

29
SF >> SF

34
SF >> TG >> SOC
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<<
Fig. 210.  Tiles 10 - 34 fired in an electric kiln 

with various glazes.

^
Fig. 211.  Tiles with various glazes.





3.0



Fig. 211.  Longitudinal section.
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This thesis responds to the question; how can the 

assimilation of digital tools and indigenous culture be 

a catalyst to empower culturally embodied architecture 

that responds to our indigenous Māori, identity and 

spirit, without falling into architectural homogeneity? 

Through close collaboration with Ngai Tāmanuhi-

ri from project inception to completion, research 

outcomes illustrate that when digital design agency 

and the knowledge of traditional craft, cultural 

identity, local materials, and community participa-

tion are integrated, communally generated architec-

ture, whether digitally fabricated or crafted by hand, 

can be meaningful for all.  Through open engage-

ment and the reciprocal sharing of knowledge and 

developments towards positive kaupapa (focus), that 

in this case is the pavilion structure, the authorship 

and design is communally shared, enjoyed and thus, 

valued.

Firsthand experience of the poignant Māori culture 

that exists within the Rohe of Ngai Tāmanuhiri 

has grounded research with the inherent Tikanga 

that govern all Māori initiatives. The three aspects 

outlined in Chapter 1.2, are intertwined with the final 

design, and the methodology undertaken during the 

development of this thesis.

Firstly, values describe in; ‘Of the Land; Mana 

Whenua Mana Moana,’ are shown through the 

sustainable and respectful use of the brilliant indig-

enous material that is one-uku, clay. The 3D printed, 

and fired outcomes express and elevate the inner 

wairua (spiritual essence) of this wondrous indige-

nous natural material. 

Secondly, the values of craft as describe in; ‘Makers 

of Taonga; a Culture of Craft and Creation,’ are 

demonstrated in a number of ways. Firstly, the use 

of te whai, the stingray (a poignant symbol through-

out Ngai Tāmanuhiri history), as the basis of the 

pavilion, is akin to the primary purpose of narration 

in traditional Māori craft, and reflects the underlying 

meanings of the whai. Additionally, learning from 

the knowledge, Mātauranga Māori, of Iwi members is 

also linked to the traditional process of passing skills 

through the generations. The creation of the tool, 

in this case, the 3D printer, is a traditional notion, 

reflecting the Toki Pou Tangata (Māori Adze) made 

by carvers for use within their work. Finally, it is 

clear that the intricacies achieved through paramet-

ric tools and digital fabrication, illustrating theories 

of mass-customisation, are far more demonstrative of 

traditional craft than of modern industrial manufac-

turing methods 

Lastly, the social values described in; ‘For our 

whānau: Communal Ambitions,’  are firstly shown 

in the ongoing feedback-loop establish with Iwi 

members throughout the design process. However, 

the most poignant aspect is the vision that digital 

tools can be the catalyst that enables buildings to be 

3.0.0 

CONCLUSION
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^
Fig. 212.  Structure and modules in plan and exploded elevation. 

fabricated and assembled by the community and for 

the community. This can enable contemporary archi-

tecture that is the embodiment of the special and 

autonomous culture particular to Ngai Tāmanuhiri 

and only found in Muriwai and its surroundings. 

Overall the three deliverables outlined within the 

scope of this thesis; the printer, the architectur-

al design and the prototype, are the product of a 

sincere attempt to better understand and engage 

with Tikanga and Mātauranga Māori. However, these 

physical outcomes pale in comparison to the more 

important aspect at the core of this thesis; that being 

how to assimilate the two diverse modes of thinking, 

digital and cultural. There is no methodology that 

can be deemed the ‘correct’ approach, but instead like 

all architectural engagements the tuapapa (founda-

tion) of any work lies the growth of the relationships, 

and through honest appreciation and engagement 

with rich cultural identity. It is clear that not only for 

New Zealand Architects, but also all New Zealanders, 

an awareness and understanding of Tikanga Māori 

is extremely important in order to further grow and 

maintain the autonomous and special Architecture, 

and cultural identity, of Aotearoa.   



^
Fig. 213.  CADImage full presentation (Brown, 2015).

^
Fig. 214.  James Durcan CADImage presentation (Wilson, 2015).
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The Developed Design was submitted for the 2015 

NZIA CadImage Student Design Awards Competi-

tion.  At the finale of the competition, the following 

citation was read:

‘The project proposes both a building for a Māori 

community on the Poverty Bay coast and the off-grid 

technology that will enable its construction. The work is 

a most impressive fusion of contemporary digital fabri-

cation and indigenous craft culture. It combines digital 

design, self-taught craft skills, material experimenta-

tion and inventive engineering, and was made possible 

buy the author’s personal commitment and the support 

of the local Ngai Tāmanuhuri iwi. It is an exemplary 

project, revealing a willingness on all sides to learn and 

collaborate to produce a meaningful outcome.’

2.9.3

SURFACE EXPERIMENTATION

N Z I A  C A D I M A G E  D E S I G N  AWA R D S

Jury Citation



^
Fig. 215.  Half finished 3D printed Whai tile, 350mm with 8mm printed head.



310

3.0.1

PRINTING PHASE NO.3

F U T U R E  P R O S P E C T S

Post Thesis Comments

As a consequence of developing the printer, the first 

of its kind in New Zealand, and unique to others used 

internationally, there are many possibilities for the 

future of the technology. 

NGAI TĀMANUHIRI AND SITUA

The ongoing relationship between Ngai Tāmanuhiri 

and Victoria University’s research lab SITUA, overseen 

by Derek Kawiti and Marc Aurel Schnabel in close 

collaboration with Jody Toroa, Richard Brooking and 

Kay Robin, alongside new Masters of Architecture 

Students (and authors continued involvement), will 

see the construction of a 1:1 scale pavilion in the near 

future. Iwi members have decided collectively that a 

Manuhiri (visitors) shelter on the grounds of their 

Marae (meeting house) is a project that they would 

instead like to undertake using the clay 3D printing 

technology and pavilion design developed within 

the thesis. This new brief and new location, which 

are both of primary cultural significance, mean that 

a new process of design development needs to be 

undertaken, one inherent to Tikanga Māori with 

consideration to any developments undertaken near 

the wharenui (meeting house). A Marae hui held at Te 

Poho O Tāmanuhiri (Muriwai Marae) 30th January 

2016 began this process, with a preliminary concept 

presented to Iwi members resulting in the decision 

to hold a wānanga (discussion group) to define the 

finer details of any such design. Furthermore, a new 

masters student, Noah Orr, has stepped in to take 

charge and further develop the printer for use at a 

large production level.

UPSCALING FOR CONCRETE

Though bigger is not always better, the design of a 

transportable larger scale printer would certainly 

make the fabricator more versatile; something that 

has not been, to the authors knowledge, fully inves-

tigated. 

DISASTER RELIEF

There have been many discussions around how an 

‘in-situ’ fabricator could be transported to remote 

locations to make use of local resources in the 

production of robust, cheap and fast shelter for those 

left homeless after a natural disaster. 

ADAPTION FOR VARIOUS COMPOSITES

Currently, the major developments in additive 

technology are focused around various sustainable 

material composites that can be printed. The Duet 

motherboard also has two extruder stepper drivers 

inbuilt, enabling double material extrusion.

GRASSHOPPER PLUG-IN

The best way to develop a truly seamless workflow 

between computer and fabricator is, currently, 

through the design of a custom plug-in for Grass-

hopperTM to generate the G-code for the printer. 

This can also enable non-linear ‘slicing’ of the desired 

geometry to print complex three-dimensional forms.  
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