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ABSTRACT 

The outcome of this research will be used by Studio Pacific Architecture to choose relevant timber 

technology systems for multi-unit residential projects.  
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1. Introduction 

1.1. Title:  
Applying new timber technologies to a variety of multi-unit residential building typologies. 

For this project the words “new timber technologies” will be interchangeable with the word 

“prefabrication”. 

1.2. Questions: 
 What systems have been used in New Zealand so far? 

 What new or overseas systems are suited to a New Zealand application? 

 How can adaptability, buildability and connections be considered? 

 What is available and what is missing in the New Zealand supply chain? 

 What changes is needed design wise? 

1.3. Milestones: 
 Early December - literature review and identification of categories of type of prefabrication 

system, plus an initial list of potential suppliers and their system types.  

 Late January - completed a database of prefabrication methods classified according to a 

criteria matrix which permits the firm to access the information collated by design feature, 

cost or construction approach. 

 End of summer - drafted a report and a conference paper length summary of the work and 

complete the presentation of an in-house Continuing Professional Development seminar for 

Studio Pacific Architecture. 

1.4. Scope:  
The outcome of this research will be used by Studio Pacific Architecture to choose relevant timber 

technology systems for multi-unit residential projects. This research identified the available modular 

timber technologies applicable to multi-unit residential buildings in New Zealand. The hybrid 

module-plus-panel method of modular building construction is a method that has been promoted by 

several researchers including Pamela Bell, the CEO of Prefab NZ. Bell identified a significant 

opportunity in the New Zealand market for prefabrication of buildings through this hybrid approach. 

This research has not found any reason to alter that view. The focus of this study was on modular, 

hybrid and panelised technologies as appropriate to the firm. 

1.5. Proposition:  
Using a combination of empirical, deductive and heuristic methods, a criteria matrix database will 

developed as a tool for understanding and comparing the range of available technologies in the 

market. The tool will cover an extensive range of prefabrication methods. The database can be split 

into sections according to broad construction typologies: module, hybrid and panel. Structure, 

typology and insulation will be the three main criteria selected for analysis. The tool will enable the 

user to identify across all criteria the highest scoring systems. A summary table will be created to 

allow a simple comparison. 

 

The database will be used by Studio Pacific Architecture to select the most viable modular 

technologies for new multi-unit developments. Any gaps in the data will be accounted for as a zero 

score in the criteria matrix table.  
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1.6. Research Timeline: 

1.6.1. Potential option one: 

 

1.6.2. Potential option two: 

 

2. Literature Review 

2.1. What is prefabrication 
“Prefabrication, the assembly of buildings or their components at a 

location other than the building site. The method controls construction 

costs by economizing on time, wages, and materials. Prefabricated 

units may include doors, stairs, window, walls, wall panels, floor 

panels, roof trusses, room-sized components, and even entire 

buildings.” (Encyclopaedia Britannica, 2013). 

The idea of prefabrication has been around for centuries although the modern form that many use 

dates from 1905. It wasn’t until the invention of gasoline and the powered truck that prefabrication 

was widely used. The prefabrication of massive buildings was a result of construction during World 

War I in accordance with the fluctuation of building activity in the United States, the Soviet Union 

and Western Europe (Encyclopaedia Britannica, 2013). 
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2.1.1. Categorizations of prefabrication:  

Component based prefabrication – this is the 
lowest level of prefabrication. Components are 
created out of materials to reduce the number 
of pieces, therefore reducing the waste, and 
increasing the speed of assembly 
(Encyclopaedia Britannica, 2013). Examples 
include roof trusses, pre-cut framing, built-up 
windows and kitset housing that is assembled 
like a jigsaw onsite (Burgess, Buckett, & Page, 
2013). 

 

Panelised prefabrication – wall, floor and roof 
panels are main forms of this categorisation. 
The panels can be open (being only clad on one 
side, sometimes insulated) or closed (with 
plumbing, electricity, insulation, windows and 
clad on both sides) (Burgess, Buckett, & Page, 
2013). 

 

Modular prefabrication – these are typically 
structural boxes or modules, which are 
constructed off-site and brought together 
onsite to form a complete building. This 3D 
assembly appears to be the fastest construction 
approach (Burgess, Buckett, & Page, 2013).  
Hybrid prefabrication – this is a method that can 
be used in combination with another 
prefabrication method or traditional 
construction. It involves onsite construction 
and assembly of prefabricated sections. The 
system typically uses “volumetric units” for the 
highly serviced areas such as kitchens and 
bathrooms, and constructs the remainder of 
the building using panels or by another means 
(Gorgolewski, 2005).  

 

Complete building prefabrication – whole 
buildings are constructed offsite and are 
transported to site; these are also known as 
transportable buildings (Burgess, Buckett, & 
Page, 2013). 

 
1 Image sourced from http://www.swlaw.edu/campus/news/overview/newsr.7hRaq1Veyv accessed 

17/11/2014. 

2 Image sourced from http://www.linwoodhomes.com/prefab-or-prefabulous-panelized-modular-or-package-

home/ accessed 17/11/2014. 

3 Image sourced from http://inhabitat.com/one9-nine-story-prefab-apartment-tower-was-installed-in-just-

five-days/ accessed 17/11/2014. 

4 Image sourced from http://inhabitat.com/prefab-construction-green-or-greenwashing/ accessed 

17/11/2014. 

5 Image sourced from http://brandersonhomes.co.nz/waikato_pricelist.html accessed 17/11/2014. 

http://www.swlaw.edu/campus/news/overview/newsr.7hRaq1Veyv
http://www.linwoodhomes.com/prefab-or-prefabulous-panelized-modular-or-package-home/
http://www.linwoodhomes.com/prefab-or-prefabulous-panelized-modular-or-package-home/
http://inhabitat.com/one9-nine-story-prefab-apartment-tower-was-installed-in-just-five-days/
http://inhabitat.com/one9-nine-story-prefab-apartment-tower-was-installed-in-just-five-days/
http://inhabitat.com/prefab-construction-green-or-greenwashing/
http://brandersonhomes.co.nz/waikato_pricelist.html%20accessed%2017/11/2014


6 
 

2.1.2. Advantages of prefabrication 

 Quality: this is the principle advantage of prefabrication. More quality can be offered for less 

time and money on site, this is done through the combination of professionals working on 

the project and through close monitoring of the design and construction within the factory. 

 Technical:  

o Quality controls 

o Factory manufacture 

o Testing capability 

o Joint minimisation 

o Tighter tolerances 

o Elimination of defects 

 Social: 

o Indoor protection 

o Material and tool security 

o Worker health and safety 

o Machinery training investment 

o Employment stability 

o Design variation 

 Economic:  

o Time savings of 30%-60% 

o Cost savings 

o Reduced dependence on weather 

o Coordination of trades 

o Bulk ordering potential 

o Reduced transport to site 

o Reduced floor area 

 Sustainability: 

o Reduced material waste of <75% 

o Increased energy efficiency 

o Less disruption at site 

(Bell, 2009) 

 

 

 

 

 

 

 

 

 

  



2.1.3. New Zealand historical overview 

 

Figure 1: Historical overview of prefab in NZ amended from (Bell, 2009) 



2.2. The international experience of prefabrication 

 

Figure 2: the international experience of prefab outlined in the Prefab NZ roadmap (Prefab NZ, 2013) 

 “It was found that the use of a perimeter-based structural system in the 

international market has been shown to enable open-plan configurations 

and non-load-bearing internal partitions for future adaptability. Off-the-

shelf components have been encouraged in terms of affordability, 

flexibility, and continuity of supply. A flexible component-based system has 

enabled the variation in housing design that consumers demand, while a 

modular utility pod has captured factory efficiencies”. (Bell, 2009). 
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2.3. Market size in New Zealand 
The restricted market size in New Zealand for prefabrication is significantly problematic. It makes it 

difficult to achieve economies of scale particularly in the manufacturing sector. This is irrespective of 

the need to provide a significant amount of housing particularly in Auckland and Christchurch. In 

2011, PrefabNZ surveyed 46 businesses and found that they collectively had the ability to supply 750 

3-bedroom houses each year (Prefab NZ, 2013). The market is unpredictable overall and is limited by 

a lack of access to the project decision-makers at an early stage where the use of prefabrication can 

be considered. The market opportunities are further restricted by the boom: bust cycle of the design 

and construction industry. Companies that endure are the ones that offer a diverse range of options 

and products. The lack of incoming work only adds to the restricted uptake of prefabrication. 

Methods to potentially improve this problem are, to increase market penetration in New Zealand 

and to look overseas to grow export markets in the prefabrication sector (Prefab NZ, 2013). The 

companies that have endured are Lockwood Group, Keith Hay Homes and De Geest Construction 

(Bell & Southcombe, 2012). 

2.4. Prefabrication and architecture 
Historically there has been a separation of ‘architecture’ and ‘building’. “Architecture is associated 

with emotion, art and spirituality” (Bell, 2009) whereas, building is just associated with construction 

(Jones qtd. In Nilsen). Commercially prefabricated buildings without architects have been successful 

whilst prefabricated architecture has not (Bell, 2009). 

“It sometimes seems that commercial and industrial success is itself 

sufficient to disqualify a prefabricated house from the status of 

architecture” (Davies, 2005). 

Davies considers the reasons behind architecture’s commercial failure to be closely connected to; 

the institution of architecture, projecting distaste for lightweight, a desire for authorship, a 

connection to the site, miscommunication with its public, and an overall misconception of 

prefabrication. He suggests the need for embracing ‘pattern-books’, working collaboratively, and 

learning from overseas markets is required to ensure success (Davies, 2005). Prefabricated housing 

is typically non-site-specific, lightweight, requires knowledge of business and challenges authorship. 

Additionally, the problem of architect-design aesthetics not being respected by non-architects shows 

that either everyone needs to be educated or architects need to respond to the market more closely 

(Davies, 2005). 

In the past architects that focused on prefabricated housing have been focusing on design integrity 

as the bottom line, whereas commercially successful prefabs were driven by property developers 

and entrepreneurs (Ebong, 2005).  

Davies also notes that the relationship between architecture and prefabrication has always been an 

issue. There are further historical misconceptions from the profession, that a potential for 

prefabrication will diminish the role of the architect. Yet it is argued that traditional construction has 

achieved this anyway (Davies, 2005). 

There is an identified need to find a way to bridge the gap between the architecture profession and 

the construction industry and consecutively between architecture and prefabrication (Bell, 2009). 

2.4.1. CAD package prefabrication programme 

“After the client has selected a design, the structure is typically segmented 

into a number of panels (or modules) by specialised panelisation software 
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(CAD packages). This step takes place on a screen, with the panelisation 

software helping to solve all construction details such as wall-to-wall joints, 

panel-to-panel joints and so on.” (Betz, 2010). 

A fully integrated panelisation package offers the generation of all building-related information in 

one model. This model can contain; thermal building performance, schedule of materials, CAD 

details and drawings, and the ability to communicate straight to the manufacturing machinery such 

as automated cutting equipment (Betz, 2010). 

2.4.2. Building Information Modelling (BIM) 

The use of BIM in the design process allows close collaboration of all design team members. This 

ensures effective early stage prefabrication design. The BIM model can form the basis for the design, 

development, fabrication and manufacture of the building. The use of this process is essential when 

using prefabrication methods, as extensive planning is required to deliver such a system. The model 

provides a high level of precision necessary for off-site fabrication and can be used to procure 

materials and plan assembly sequencing ahead of time. Schedules for the ordering of materials can 

come directly from the model and cost, weight etc. can be tracked through a development process. 

A BIM model can erase the need for the creation of shop drawings by a contractor; an architect can 

create these directly from the model thus saving time and money. The standard measurements of 

materials dictate the design as it ensures less effort cutting the materials to size. Due to the 

generation of the exact amount of materials there is a significantly lower amount of waste produced 

overall (AIA). 

2.5. Recent issues with New Zealand Prefabrication 

2.5.1. Economic recession 

The economic recession that started in 2008 has significantly impacted the construction industry. It 

forced the market to withdraw and it is making it difficult for new businesses and sectors to start up. 

In the 1970’s recession businesses such as IBS and LMC were forced to close (Alter, 2008). We have 

seen this happen with Mainzeal, one of the biggest contractors in New Zealand with big clients such 

as Victoria University. Prefabrication is understandably cheap but it is costs of overheads, transport 

and cranes that eradicate it (Alter, 2008). 

2.5.2. Flexibility and responsiveness  

This is an approach to fight tight economic times. Firms such as Pinecone have included feedback 

into the research and development division so that they can respond more appropriately (Bell, 

2009). 

2.5.3. Manufacture in China  
A china based manufacture can be seen as threatening to New Zealand construction industry sub-

contractors. There are perceptions that prefabrication is looking to replace traditional forms of 

construction; communication is needed to overcome this as prefabrication is intended to 

compliment the current New Zealand construction industry (Bell, 2009). 

2.5.4. Protection of intellectual property  

Protection is crucial; especially when sometimes over 2000 new different components are created. 

Although cost savings from offshore manufacture can offset intellectual property risks and quality 

control issues, this needs to be solved early in the whole process (Bell, 2009). 
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2.5.5. Industry relationships for research and development  

Further development is needed particularly to achieve a higher level of innovation and to stay ahead 

of the market. There is a danger of repeating historical mistakes; this is why it is crucial to 

understand what went wrong nationally and overseas. The full range of options needs to be 

significantly explored as the market is unpredictable and supply is still a problem. Hybrid module-

plus-panel systems offer flexibility but this needs to be researched as there is currently a gap in the 

market between component based and complete building systems. In the past, the New Zealand 

government recognised innovation through experimental housing projects and public works. This led 

to the development of several prefabrication companies and can continue to support growth in the 

future (Bell, 2009). 

2.5.6. Marketing  
Prototypes and show homes allow successful advertisement of prefabricated technology. Prototypes 
in the factory allow initial testing and design manipulation by the client at an early stage. Show 
homes provide the business with a means to allow potential customers to try the product before 
they buy. Show home events are also helpful at generating a higher level of interest in the product 
although it doesn’t always result in sales (Bell, Kiwi Prefab: Prefabicated Housing in New Zealand, 
2009). Further marketing and communication can change cultural perceptions of prefabrication and 
reduce misconceptions, which in turn will increase acceptance and uptake of the system (Pan, Gibb, 
& Dainty, 2005). 

2.5.7. Designing out-of-the-box  

This is an innovated response to the limitation of transport dimensions. Flexibility and adaptability 

beyond the standard ‘shipping container’ is now recognised. Smaller buildings are challenged by 

traditional house appraisals and price per square metre. This approach can only be improved 

through re-education (Bell, 2009). 

2.5.8. Lack of innovation  

The lack of innovation can be overcome through education in the construction industry and also 

through cross communication across multiple industries, for example, manufacturing. This can lead 

to collaborative ventures and inter-industry groups. Industry bodies and associations are the best 

options to overcome specific prefabrication challenges and opportunities (Bell, 2009).  

2.6. Overwhelming challenges that may never be eliminated 
 Wider economic recession  

 Lack of prefabricated housing industry cooperation  

 Construction industry resistance to innovation  

 Few sustainable materials and systems incorporated in housing products  

 Over-emphasis on historical typologies, with alternative typologies not well  investigated or 
represented  

 Restriction of the housing market to secondary dwellings (due to a smaller footprint of the 
complete building typology)  

(Bell, 2009) 

2.7. New Zealand’s Public State Housing scheme 
This scheme was developed in the 1930’s; it used standard house parts such as construction details, 

window and door sizes and internal fittings such as cupboards, baths and washbasins. A single 

specification was created to cover 100 house plans (Firth, 1949). A schedule of colours was also 

formed to cover claddings, roof tiles and plasterwork. This ensured each neighbourhood was 
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interesting and connected harmoniously (Ferguson, 1994). The State Housing programme generated 

the introduction of standard products through larger contractors, such as Fletchers, inevitably 

creating a more stable supply of prefabricated housing components throughout New Zealand (Smith 

J. , 2008). Over 400 housing designs were approved assuming a panelised system although were 

later decommissioned due to; lack of achieving low cost and time aims, difficult site requirements, 

limited plan options and the incorporation of expensive joinery (Smith J. , 2008). Despite this the 

State Housing scheme became one of the most successful public housing schemes in the world 

(Schrader, 2000). Public housing still continues in New Zealand today with Housing New Zealand 

running the government-funded housing development using traditional construction methods (Bell, 

2009). 

2.8. Prefabrication in multi-unit residential buildings 

2.8.1. Current New Zealand methods 

2.8.1.1. Panelised method 
There are several forms of panels available in New Zealand. The differences between panel types 

stem from the way they are constructed or the level to which they are finished in the factory. Panels 

can be made up of compressed layers of timber particles and resin; an example of this is CLT panels. 

Panels can remain either open (clad one side and open for further work) or closed (fully finished and 

clad). Panels can also be used to create an insulated panel sandwich, these can be structural or non-

structural, an example of this is SIP’s panels (Bell, 2009). 

2.8.1.2. Modular method 

New Zealand’s history of modular systems was in the early 1980’s, i.e. bathroom modules. Recently 

bedroom modules became available specifically for state housing additions. Modular construction 

refers to a three-dimensional-unit that is built off-site and can be combined with other methods of 

prefabrication to form a complete structure. There are two main module types: structural, relating 

to rooms or large parts of the building or non-structural, referring to cores or pods (Eglinton, 2013). 

The decision to use this prefabrication method needs to occur very early in the design so that key 

elements can be aligned and integrated appropriately for the method to be successful. Typically 50-

75% of the module is completed within a factory under controlled conditions. The installation of 

utilities, fixtures and fittings are also normally included in the factory installation. Just in time 

management is crucial to the delivery of the project whilst using this prefabrication method. It is 

important that the modules arrive on site at a time so that they can be lifted straight onto the 

structure and storage isn’t a problem onsite (Eglinton, 2013). 

Variation of module types: 

Sectionals: 
Applies to a family of boxes or cubes 
when joined form a complete structural 
unit. 
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Sectional House: 
Typically fabricated in half house sections 
it was the most popular type in 1970 
USA. Average sizes are 12 feet (3.6 
metres) in length. This housing method is 
usually produced in three to four units to 
form larger, more complex houses. 
Individual sections leaving the factory are 
completely finished. 

 
Sectional Box: 
This is simply a sectional house without 
the factory-installed roof system. This 
eliminates the low profile roof dominated 
by transport restrictions. The roof is 
typically component based, for example 
roof trusses, and is shipped with the 
section. 

 
Sectional Stack-on: 
With detailed design all sectional units 
can be stacked to form multi-storey 
apartment complexes. Typically a 
sectional box method is used for the 
bottom half and a unit similar to the 
sectional house is used for the top. 

 
Three Dimensional: 
This is used to describe a section that is 
neither sectional nor component. It is 
similar to sectionals but it is smaller. A 
greater number of these would be 
needed to form a complete building. 
Sizes range from room size wall panels to 
entire rooms. 

 

Mechanical Cores: 
These are modular units, which contain 
all mechanical, electrical and related 
systems. The units typically contain a 
kitchen and one or more bathrooms. All 
wiring, plumbing, heating, fixtures etc. 
are typically completed in the factory 
wherever possible. 

 

(Reidelbach, 1970) 

Module constraints 

 Amount of preplanning required 

 Amount of project coordination 

 Transportation 

 Inflexibility 

 Procurement 

 Change in project risk 
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(Schoenborn, 2012) 

2.8.1.3. Hybrid method 

2.8.1.3.1. Bell’s conclusion 

“The investigation has revealed an opportunity for a fifth hybrid module- plus-

panel typology. This is a significant finding as an area that has not been 

extensively documented and which holds considerable potential for a 

customisable, flexible, housing solution with substantial financial, quality and 

timeframe benefits” (Bell, 2009). 

Bell’s work is particularly significant as it identifies the lack of documentation in the hybrid sector of 

the New Zealand market. This does not reflect the extensive documentation available 

internationally. Hybrid utility modules, pods, units or cores are methods promoted by several 

researchers in the last century, examples include Buckminster Fuller’s Dymaxion bathroom and the 

autonomous living unit as cited by (Bell, 2009) and substantiated earlier by (Kelly, 1951), 

(Bahanmon, 2002), (Clark, 2008) (McShane, 2008) (Buchanan M. , Prefab Home, 2004) (Pawley, 

1980). Kelly (1951) suggests that if the market cannot accept a highly standardised product, it is 

likely that there will still be a significant demand for parts of the full production line, such as simpler 

components like panels or utility pods. 

Hybrid prefabrication systems are seen to combine benefits of two prefabricated construction 

systems, offering more flexibility and custom design (Wilson, 2009). Historical lessons from the 

company Industrialised Building Systems propose a hybrid approach that removes the highly 

serviced areas from the critical path of the project timeline, and potentially brings together the 

benefits of different construction systems (Gorgolewski, 2005). 

Hybrid methods avoid the cost of shipping empty space according to Lloyd Alter (Alter, 2009). A semi 

hybrid system results in a complete building but is still determined by modules, which are restricted 

by the transport size. Therefore the semi-hybrid typology does not have the full advantages of 

flexibility that a hybrid module-plus-panel system could hypothetically have (Bell, 2009). 

3. Significance of Research 
As outlined above, there is an identifiable gap in the New Zealand hybrid market. Several 

researchers including Pamela Bell, the CEO of Prefab NZ, promote this technology method 

particularly for multi-unit residential typologies. Herein lies the significance of this research, to 

extend upon Bell’s research and fill in the current gaps in the New Zealand residential multi-unit 

market with focus on module, hybrid and panelised timber technologies. 

4. Prefabrication Database 
Using a combination of empirical, deductive and heuristic methods, a criteria matrix database was 

developed as a tool for understanding and comparing the range of available technologies in the 

market. The tool covers over 50 different prefabrication methods. The database can be split into 

sections according to broad construction typologies: module, hybrid and panel. Structure, typology 

and insulation were the three main criteria selected for analysis. The tool enables the user to 

identify across all criteria the highest scoring systems. A summary table was created to allow a 

simple comparison. 
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4.1. Methodology 

4.1.1. Background 

“All organisms divide objects and events in the environment into separate 

classes or categories. If they did not, they would die and their species would 

become extinct. Therefore, categorization is among the most important 

decision tasks performed by organisms.” (Ashby & Maddox, 2005) 

Categorisation can be used as a method of data collection. An example of this is to use a randomised, 

shuffled pack of record cards, this will be given to the subject and he/she will be asked to sort the 

cards into as many or few groups as they wish. The subjects are usually asked to describe how and 

why they created these groups (Coxon, 1999). The purpose of this sorting method is to potentially 

develop the rule(s) in terms of which the allocation of cases is made (Romney, Weller, & Batchelder). 

The method of sorting is rightly referred to primarily as a method of discovery (Coxon, 1999). 

The wording of general criteria, which aid to make other classifications include: 

• How similar they seem 

• The meanings are considered similar 

• Belong together (or, belong in the same category together), 

• Naturally go together 

• Cluster together 

 (Coxon, 1999) 

Evaluation is an assessment against a value measure. Four major items have to be present for this 
process to occur: a standard or set of standards, a unit of measure, actual measurements and 
judgement. There is no single method to ensure that they can be applied across all categories 
applicable to multiple subjections. Therefore measures are readily measured using standard units of 
measure, for example, metres or feet, but these cannot be compared unless they are altered to an 
appropriate common unit. Although some elements are not measureable at all, for instance, 
materiality (Gray & Baird, 1995). 

4.1.2. Database 

Using a combination of empirical, deductive and heuristic methods a database was developed. The 

empirical, deductive method used is based on observation and analysis of the gathered data. The 

heuristic method builds relationships between the data through the use of benchmarking to ensure 

models are comparable. The following criterion was developed through a literature review. An 

analysis was undertaken of the advantages of a prefabrication approach, as opposed to a traditional 

method, and developed to form benchmarks. The scaling system was established by a comparison of 

the obtained data. A low to high range was formed through analysis of the gathered data; this 

permitted the creation of a comparable and quantifiable benchmark (Laing & Anthony Craig, 2001).  

4.1.3. Database user guide 
The database is split into three main tabs; Criteria Matrix Table, Summary Table and Conclusion 

Table. The Criteria Matrix Table is sorted by alphabetical order with main row headings, New 

Zealand and Overseas method. Sub-headings include module, hybrid and panel systems. The 

developed criteria are listed in columns beside each system; a score is assigned where possible (see 

section 4.2), for comparability. The reference rows underneath each data cell provide the user with a 

method to find out more detail on the specific system. In some cases PDF files are listed; these and 

other relevant files are kept on the network (JOB 1715/Summer Scholar 2014 Prefabrication 

Tool/Files for reference). The second tab, Summary Table, displays a summary of the information on 
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the first tab so comparisons between the different systems can be made. The data can be sorted in a 

variety of ways to allow the user to display top systems against sets of requirements. The third tab, 

Conclusion Table, provides the user with a final comparison of the available options of design in 

terms of structure, typology and insulation. Viability is measured by cost, time, connection, 

buildability and flexibility. 

4.2. Scoring system 

4.2.1. Materiality 

 Definition: the material nature or quality (House, 1997) 

 Scale: no scale as this is not measureable or quantifiable.  

4.2.2. Cost 

 Definition: per metre squared of total building using this prefabrication method. Material 

cost only as it is difficult to establish labour and site costs due to inconstancies. 

5 <$1,000-$1,999 

4 $2000-$2999 

3 $3000-$3999 

2 $4000-$4999 

1 >$5000 

 

4.2.3. Programme 

 Definition: considers two main processes, time in factory and time on site. Scale up or down 

to average 78m2 of building (in days) so it is comparable. (78m2 is the average case study 

requirement size). 

o Time on site (days):  

5 0-3 

4 4-6 

3 7-9 

2 10-12 

1 13+ 

 
o Time in factory (weeks):  

5 1 

4 2 

3 3 

2 4 

5 5+ 

 

4.2.4. Ease of connection/complexity 

 Definition: detail construction drawings showing connection details. The more complex the 

drawing and the more work needed on site defines it as complex e.g. 1 

5 

 



17 
 

3 

 

1 

 
 

4.2.5. Buildability 

 Definition: detail construction drawings showing section details, typically foundation/wall 

section. The more complex the drawing and the more work needed on site defines it as 

complex e.g. 1 

5 

 

3 

 

1 
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4.2.6. Services  

 Definition: the nature of the services within the prefabrication system. 

5 Single connection for everything 

4 Empty cavity built onto design for services 

3 Single connection for electricity only i.e. conduits 

2 Some design work required for placement within the system 

5 Traditional methods or design at a very early stage of the project 

 

4.2.7. Adaptability/flexibility 

 Definition: ability to change the design and form of construction (future proofing). 

5 Cut and join new panel/module on site as required 

4 Panels/modules slot able, similar size and forms for replacements 

3 Variation of the panel forms and modules but off-shelf components 

5 No flexibility at all 

 

4.2.8. Ability to maintain  

 Definition: accessibility for maintenance.  

5 Removable smaller panels 

4 Allows for small hole to be cut internally, quick replacement e.g. traditional methods 

3 Remove cladding and access from external wall 

2 Full replacement of whole panel 

5 Extremely difficult to replace panel 

 

4.2.9. Visual appearance/variability 

 Definition: architect changeability to materiality of systems, finishes and forms available. 

5 Allows for any finishes as required 

3 Multiple varieties available, restricted changeability  

5 Supplied ‘as is’, no changeability 

 

4.2.10. Supply/availability 

 Definition: how many typical 78m2 units can be produced per year, a demand average taken 

from an in-house project. 

5 500 units 

4 400 units 

3 300 units 

2 200 units 

1 100 units 

 



5. Results 

5.1. Criteria matrix table 
The Criteria Matrix Table contains a column of systems sorted in alphabetical order. Main row headings are, New Zealand and Overseas methods. Sub-headings include module, hybrid and panel systems. The criteria are listed in 

columns beside each system; a score is assigned where possible from 0-5, 0 being no information and 5 being best. This allows for comparability. The reference rows underneath each data cell provide the user with a method to find 

out more detail on the specific system. In some cases PDF files are listed; these and other relevant files are kept on the network.  

5.2. Summary table 
A summary table was formed from the criteria matrix tool. It depicts the most viable ‘timber technology systems’ in terms of highest scoring across all measured criteria. The tool allows sorting, by each category, so multiple 

comparisons can be made according to different requirements. This tool can be used to select the ‘most viable’ ‘new timber technologies’ for residential multi-unit projects. 
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6. Discussion 

6.1. Conclusions table 
After completion of the criteria matrix table three main categories were outlined for further analysis; structure, typology and insulation. These can be built up in several different clusters depending on the project. Pro’s and con’s of 

each are displayed in terms of cost, time, materiality, connection, buildability, flexibility and lifetime. Comparisons between and across categories can then be undertaken to understand the main available options for ‘new timber 

multi-unit residential typologies’. 

 



7. Conclusion 
The hybrid module-plus-panel method of modular building construction is a method that has been 

promoted by several researchers including Pamela Bell, the CEO of Prefab NZ. Bell identified a 

significant opportunity in the New Zealand market for prefabrication of buildings through this hybrid 

approach. This research has not found any reason to alter that view.  

 

Using a combination of empirical, deductive and heuristic methods, a criteria matrix database was 

developed as a tool for understanding and comparing the range of available technologies in the 

market. The tool covers over 50 different prefabrication methods. The database can be split into 

sections according to broad construction typologies: module, hybrid and panel. Structure, typology 

and insulation were the three main criteria selected for analysis. The tool enables the user to 

identify across all criteria the highest scoring systems. A summary table was created to allow a 

simple comparison. 

 

The database will be used by Studio Pacific Architecture to select the most viable modular 

technologies for new multi-unit developments. It proved impossible to find detailed information to 

fully populate the database with relevant cost and construction detail information. These gaps in the 

data are accounted for as a zero score in the criteria matrix table. With more time a complete table 

could be produced which includes more local and international manufacturers’ systems. However, 

the current database has a sufficient range of typologies, structural systems and insulation 

approaches for the tool to be used on an everyday basis. Potential future development of this tool 

would be to add other (non-timber) material groups and typologies, to enable, for example, 

selection of appropriate modular concrete typologies for use in commercial buildings.  

8. Bibliography 
Addis Containers. (2012, Nov 24). 40 foot Shipping Container Dimensions. Retrieved Dec 17, 2014 from 

Addis Containers: http://www.addis.co.nz/shipping-containers/container-dimensions/40ft-

container-dimensions 

AIA. (n.d.). Cellophane House. From AIA: 

http://www.aia.org/aiaucmp/groups/aia/documents/pdf/aiab081569.pdf 

Alcorn, A. (2010). Global sustainability and the New Zealand house: A thesis submitted in partial fulfilment 

for a PhD in Architecture. Wellington: Victoria University of Wellington. 

Alcorn, A. J. (2010). Global Sustainability and the New Zealand House. Wellington: Victoria University of 

Wellington. 

Alter, L. (2008, July 11). Home Delivery: Wrapping it up with the Cellophane House. Retrieved Dec 2014 

from TreeHugger: http://www.treehugger.com/modular-design/home-delivery-wrapping-it-up-with-

the-cellophane-house.html 

Alter, L. (2009). The Acorn House Unfolds. Retrieved Jan 12, 2014 from Treehugger: 

http://www.treehugger.com/modular-design/1947-the-acorn-house-unfolds.html 

Alter, L. (2008, Sep 26). Will Prefab Ever Catch On. From Online Posting: 

http://freakonomics.com/2008/09/26/will-prefab-ever-catch-on/?_r=0 



22 
 

Architects Journals. (2008, Aug 5). Technical and Practice: Europe's Tallest Timber Tower. Retrieved Dec 

2014 from KLHUK: http://www.klhuk.com/media/4532/murrayarchitectsjournal.pdf 

Architex. (2013). Home. From Architex: http://www.architex.co.nz 

Archtonic. (n.d.). Cellophane House by Kieran Timberlake. Retrieved Dec 2014 from Arcitonic: 

http://www.architonic.com/aisht/cellophane-house-kierantimberlake/5100378 

Aridon. (n.d.). Aridon in a nut shell. Retrieved Dec 17, 2014 from Aridon: Insulated Weather Protection: 

http://www.aridon.co.nz/in-a-nutshell  

Arieff, A., & Burkhart, B. (2002). Prefab. Gibbs Smith. 

Ark. (2014). Modular Flat-pack. Retrieved Dec 2014 from Ark Prefab: 

http://www.arkprefab.com/products/modular-building.html 

Ark Modular. (2011). Home. Retrieved Dec 2014 from Ark Modular: http://www.arkmodular.co.nz/  

ArkModular. (2011). Accommodation. From ArkModular: 

http://www.arkmodular.co.nz/accommodation.html 

Ashby, F. G., & Maddox, W. T. (2005). Human Category Learning. Santa Barbara: Department of 

Psychology, University of California. 

Atelier Workshop. (2014). Home. From Atelier Workshop: http://www.atelierworkshop.com 

Auckland City Council. (2014, Dec). Elam Hall Property File. Auckland. 

Bahanmon, A. (2002). Prefab: adaptable, modular, dismountable, light, mobile architecture. New York: 

Harper Collins. 

Baird, G., Gray, J., Isaacs, N., Kernohan, D., & McIndoe, G. (1995). Building Evaluation Techniques. 

Wellington: Quebecor/Kingsport Press. 

Bell, P. (2009). Kiwi Prefab Summary. From Prefab NZ: 

http://www.prefabnz.com/html/blob.php/Pamela_Bell_Kiwi_Prefab_Summary.pdf?attach=false&do

cumentCode=2431 

Bell, P. (2009). Kiwi Prefab: Prefabricated Housing in New Zealand. Wellington. 

Bell, P. (2009). Kiwi Prefab: Prefabricated Housing in New Zealand - An historical and contemporary 

overview with recommendations for the future. Wellington: Victoria University. 

Bell, P. (2014, Dec 11). Personal Interview. (A. Dykman, Interviewer) 

Bell, P., & Southcombe, M. (2012). Kiwi Prefab Cottage to Cutting Edge: Prefabricated housing in New 

Zealand. Auckland: Balasoglou Books. 

Bergdoll, B., & Christensen, P. (2008). Home Delivery. New York. 

Betz, J. (2010, June). Learning Lessons from German Prefab. Productivity . 

Blake, T. (2015, Jan 13). Email to author. (A. Dykman, Interviewer) 

Blake, T. (2014, Dec 10). Personal Interview. (A. Dykman, Interviewer) 



23 
 

Blechynden, K. (2014, June 11). Modular housing dream may come to life. Retrieved Dec 2014 from Stuff: 

http://www.stuff.co.nz/life-style/home-property/10142088/Modular-housing-dream-may-come-to-

life 

Blogspot. (2013, Nov). Prefab NZ/Hive Click-Raft Pavilion on Site. From Blogspot: http://click-

raft.blogspot.co.nz 

Bobkoff, D. (2014, April 21). Prefab Apartment Buildings on the rise. From Marketplace: 

http://www.marketplace.org/topics/business/prefab-apartment-buildings-rise 

Bondor. (n.d.). About. Retrieved Dec 2014 from Bondor NZ: http://www.bondor.co.nz/index.php/page/4 

Bondor. (n.d.). Home. From Bondor NZ: performance panels: http://www.bondor.co.nz/index.php/page/3 

Bondor NZ. (n.d.). XFLAM Fire Rated. Retrieved Feb 3, 2015 from Bondor NZ Performance Panels: 

http://www.bondor.co.nz/index.php/page/21 

Bondor. (n.d.). Polyfoam: Expanded Polystyrene. Retrieved Feb 5, 2015 from Bondor NZ: 

http://www.bondor.co.nz/brochures/444437001242620644.pdf 

Bondor. (2011). Structural Insulated Panel Guide. Retrieved Dec 2014 from Bondor: 

http://www.bondor.co.nz/brochures/408865001314152131.pdf 

Bondor. (n.d.). Use of Insulated Panel and Panel Systems. Retrieved Dec 2014 from Bondor NZ: 

http://www.bondor.co.nz/index.php/page/23 

Boniface, G. (2008). Personal Interview. (P. Bell, Interviewer) 

Bowie, C. (2009, Apr 6). Personal Interview. (P. Bell, Interviewer) 

Branz. (1996). Branz Appraisal Certificate 328. Branz. 

Brook, K. (2014, Aug 11). UC designed flooring system has huge potential. From University of Canterbury: 

http://www.comsdev.canterbury.ac.nz/rss/news/?feed=news&articleId=1410 

Brown, C. (2009, Apr 28). K - bach update. Email to the author . 

Brown, C., & Hawke, R. (2008, Aug 23). Personal Interview. (P. Bell, Interviewer) 

Buchanan, A. (2007). Energy and CO2 Advantages of Wood for Sustainable Buildings. Christchurch: 

University of Canterbury. 

Buchanan, A. (2011, Fab 16). Revolutionary timber technology launched at UC. From University of 

Canterbury Engineering: http://www.engf.canterbury.ac.nz/news/2011/110216.shtml 

Buchanan, M. (2004). Prefab Home. Salt Lake City: Gibbs Smith. 

Building and Construction Authority Singapore. (2013). Technology Knows No Bounds. From Build Smart: 

http://www.splash.sg/clients/bca/2013_02/microsite/06_technology_knows_no_bounds.shtml 

Built Smart. (2014). 3 Bedroom Transportable Home 86sqm. Retrieved Dec 2014 from Built Smart: 

http://www.builtsmart.co.nz/transportable-homes-floor-plans/3-bedroom-house-plans 

Built Smart. (2014). Built Smart Brochure. Retrieved Dec 2014 from Built Smart: 

http://www.builtsmart.co.nz/images/downloads/built-smart_brochure.pdf  



24 
 

Built Smart. (2014). Standard Building Specifications. Retrieved Dec 2014 from Built Smart: 

http://www.builtsmart.co.nz/transportable-home-building-specifications 

Built Smart. (2014). Transportable Homes. Retrieved Dec 17, 2014 from Built Smart: Advanced 

Transportable Homes: http://www.builtsmart.co.nz/transportable-homes 

Built Smart. (2014). Transportable Homes Floor Plans and Prices. Retrieved Dec 2014 from Built Smart: 

http://www.builtsmart.co.nz/transportable-homes-floor-plans 

Burgess, J. (2013). Does Prefab Stack Up? Build. 

Burgess, J., Buckett, N., & Page, I. (2013). Prefabrication Impacts in the New Zealand Construction Industry. 

BRANZ. 

Cassels, I. (2008, Apr 3). Personal Interview. (P. Bell, Interviewer) 

Chua, G. (2014, June 5). Cross laminated timber (CLT): Australia's rising star and where to get it. Retrieved 

Dec 2014 from Architecture and Design: http://www.architectureanddesign.com.au/news/cross-

laminated-timber-clt-australia-s-rising-star  

Clark, K. (2008, Feb 4). Personal Interview. (P. Bell, Interviewer) 

Clive. (2014, Dec 17). Personal Interview. (A. Dykman, Interviewer) 

Concision. (n.d.). About Us. Retrieved Dec 2014 from Concision: http://concision.co.nz/about-us.php 

Concision. (n.d.). Putting It All Together. Retrieved Dec 2014 from Concision: 

http://concision.co.nz/contact.php 

Conqueror. (n.d.). PIR Insulation Board. Retrieved Feb 3, 2015 from Conqueror: Insulated Core 

Construction Board: http://www.conquerorpanel.co.nz/pir-insulation-board/ 

Consumer Build. (n.d.). Monitoring Process. Retrieved Feb 3, 2015 from Consumer Build: 

http://www.consumerbuild.org.nz/publish/phase/buildingphase-monitoring.php 

Cotter, M. (2012, Dec 18). B2: World's Tallest Modular Tower and First Residential Atlantic Yards Building 

to Break Ground Today. Retrieved Dec 2014 from Inhabitat New York City: 

http://inhabitat.com/nyc/b2-will-be-worlds-tallest-modular-tower-and-first-residential-building-in-

atlantic-yards/shop-architects-atlantic-yards4-2/?extend=1  

Coughlan, K. (2008). Pab Fab: The New Zealand life and Leisure.  

Council on Tall Buildings and Urban Habitat. (2013, July 24). Atlantic Yards B2 - Modular on the rise. 

Retrieved Dec 2014 from Council on Tall Buildings and Urban Habitat: 

http://www.ctbuh.org/Events/CTBUHRelatedEvents/AtlanticYardsB2ModularontheRise/tabid/4814/

language/en-GB/Default.aspx 

Coxon, A. P. (1999). Collecting Free-Sorting Data: Sorting Data. Thousand Oaks. 

Cubular Container Buildings. (2014). Cubular Container Buildings. From Cubular Container Buildings: 

http://www.cubular.co.nz/ 

Cutler, M. (2013, July 4). Zeta Design + Build Modular Homes. From Home Style Green: 

http://homestylegreen.com/zeta-modular-homes/ 

Davies, C. (2005). The Prefabricated Home. London: Reaktion Books. 



25 
 

De Geest. (2013). Benefits of a De Geest pre-built bathroom. From De Geest Pre Built Bathrooms: 

http://www.degeest.com/index.html?section=home 

De Geest. (2013). Hopu Hopu. Retrieved Dec 2014 from De Geest: 

http://www.degeest.com/09/projects/prebuilt/hopuhopu.htm 

De Geest, B. (2014, Dec 17). Personal Interview. (A. Dykman, Interviewer) 

Deakin, N. (2012). T30: The 30 Storey Five Star Hotel in China that was constructed in 360 hours. From The 

Rich Times: http://www.therichtimes.com/t30-the-30-storey-five-star-hotel-in-china-that-was-

constructed-in-360-hours/ 

Design Navigator NZ. (2006). Construction R-Value Calculator. Retrieved Feb 9, 2015 from Design 

Navigator: http://www.designnavigator.co.nz/CRC.php 

Detail Green. (2009, Feb). Sustainable use of wood and wood products: How to plan a zero-carbon city, 

Solar thermal cooling. Retrieved Dec 2014 from KLHUK: 

http://www.klhuk.com/media/8344/detail%2009nov2009.pdf 

Dickens, S. (2014). Seismic design, in wood. Retrieved Dec 2014 from Architecture Now: 

http://architecturenow.co.nz/articles/seismic-design-in-wood/ 

Doherty, S. (2014). Fire at Manchester Student Village sees 1,000 evacuated. From The Mancunion: 

http://mancunion.com/2013/10/07/fire-at-manchester-student-village-sees-1000-evacuated/ 

Duran, S. C. (2007). Green Homes. New York: Collins Design. 

Ebong, I. (2005). Kit Homes Modern. New York: Collins Design. 

Eco Insulation. (2014, May). Knauf Insulation: it's time to save energy. Retrieved Feb 5, 2015 from Eco 

Insulation: http://www.ecoinsulation.co.nz/resources/Climafoam-Product-Overview.pdf 

EcoTech Homes NZ Ltd. (n.d.). EcoTech Homes: Smart housing for smart living. From EcoTech Homes NZ: 

http://www.ecotechhomes.co.nz/ 

Eglinton, A. (2013, Aug). Modular building - a model method. From Branz: 

http://www.branz.co.nz/cms_show_download.php?id=ebb23c9512f2cd9ed15e315fb7f56ab1b1da7

031 

EHome. (n.d.). Contact. Retrieved Dec 2014 from EHome: http://www.ehome.nz/contact-ehome.html 

EHome. (n.d.). Home. Retrieved Dec 2014 from EHome: http://www.ehome.nz 

EHome. (n.d.). Off Site Manufacture. Retrieved Dec 2014 from EHome: http://www.ehome.nz/off-site-

manufacture.html 

Encyclopaedia Britannica. (2013, August 20). Prefabrication. From Encyclopaedia Britannica: 

http://www.britannica.com/EBchecked/topic/474611/prefabrication 

Expan. (n.d.). About Us. Retrieved Dec 2014 from Expan: http://www.expan.co.nz/EXPAN-about-

prefabricated-Structural-Timber-Innovation-Company-__I.92 

Expan. (n.d.). Licensees New Zealand. Retrieved Dec 2014 from Expan: http://www.expan.co.nz/Suppliers-

Licensees/New-Zealand-Licensees-__I.3519 



26 
 

Expan. (n.d.). Products. From Expan: Structural timber solutions: http://www.expan.co.nz/Products/Expan-

quick-connect-quiet-floors-frames-walls-__I.99 

Fast co Exist. (2013, October 28). New York's Newest Skyscraper Is 32 Floors Of Prefab Apartments That 

Click Together. From Fast co Exist: http://www.fastcoexist.com/3020237/new-yorks-newest-

skyscraper-is-32-floors-of-prefab-apartments-that-click-together 

Fast Code Design. (2014). Watch a New Prefab Building Rise in NYC, Stack by Stack. Retrieved Dec 2014 

from Fast Code Company: http://www.fastcodesign.com/1673003/watch-a-new-prefab-building-

rise-in-nyc-stack-by-stack 

Fereday, R. (2014, Dec 17). Personal Interview. (A. Dykman, Interviewer) 

Ferguson, G. (1994). Building the New Zealand Dream. Wellington: Dunmore Press. 

First Light Studio. (2011). Contact. Retrieved Dec 2014 from First Light Studio: 

http://firstlightstudio.co.nz/contact/  

First Light Studio. (2011). Customise your layout. Retrieved Dec 2014 from First Light Studio: 

http://firstlightstudio.co.nz/customise-your-layout/  

First Light Studio. (2012). Design Options. From First Light House: http://firstlightstudio.co.nz/design-

options/mix-match-materials/ 

Firth, C. (1949). State Housing in New Zealand. Wellington: Ministry of Works. 

Forest City. (n.d.). B2 BKLYN. Retrieved Dec 2014 from Forest City: 

http://www.forestcity.net/properties/live/apartment_homes/Pages/B2.aspx  

Formance. (2014). Basic Topics: What are SIPs? Retrieved Dec 2014 from Formance: 

http://www.formance.co.nz/learn/basic-topics/ 

Formance. (2014). http://www.formance.co.nz/learn/faqs/#Anchor8. Retrieved Dec 2014 from Formance: 

http://www.formance.co.nz 

Fortmeyer, R. (2006, Nov). Loblolly House: In Stock and Ready to Ship. Retrieved Dec 2014 from Continuing 

Education: http://continuingeducation.construction.com/article.php?L=5&C=196&P=5 

Freeman, A. (2009, February 26). Personal Interview. (P. Bell, Interviewer) 

Frost, T. (n.d.). Ecotech Homes: Smart housing for smart living. Retrieved Dec 2014 from Ecotech Homes: 

http://www.ecotechhomes.co.nz/upload/design-options/Brochure.pdf 

Geest, B. d. (2014, Dec 17). Personal Interview. (A. Dykman, Interviewer) 

Getaway Homes. (n.d.). Brochure. From Getaway Homes: 

http://www.getawayhomes.co.nz/Cache/Pictures/1404677/Brochure.pdf 

Getaway Homes. (n.d.). Modular Building Specifications and Price List. Retrieved Dec 2014 from Getaway 

Homes: http://www.getawayhomes.co.nz/Cache/Pictures/2404898/Pricelist.pdf 

Getaway Homes. (n.d.). Prices and Contact Details. Retrieved Dec 2014 from Getaway Homes: 

http://www.getawayhomes.co.nz/Site/Prices_Contact_Details.ashx 

Getaway Homes. (n.d.). The Getaway Module. Retrieved Dec 2014 from Getaway Homes: 

http://www.getawayhomes.co.nz/Site/The_Getaway.ashx 



27 
 

Gibson, A. (2015, Feb 5). Wellington factory set to pump out prefab houses. Retrieved Feb 5, 2015 from The 

New Zealand Herald: 

http://www.nzherald.co.nz/business/news/article.cfm?c_id=3&objectid=11396738 

Gibson, R. (2007, Nov 27). Personal Interview. (P. Bell, Interviewer) 

Gjerde, M. (2000). Residential Concrete Detailing and Specification Guide. Wellington: CCANZ. 

Glenn, S. (2008, June 4). Personal Interview. (P. Bell, Interviewer) 

Gorgolewski, M. T. (2005). The Potential for Prefabrication in United Kingdom Housing to Improve 

Sustainability. Smart and Sustainable Built Environments. 

Gray, J., & Baird, G. (1995). How to Plan and Conduct Evaluations. In G. Baird, J. Gray, N. Isaacs, D. 

Kernohan, & G. McIndoe, Building Evaluation Techniques. Wellington: Quebecor/Kingsport Press. 

Grundvig, J. (2014, March 21). Atlantic Yards 'Grows in Brooklyn': The World's Tallest Modular Building. 

Retrieved Dec 2014 from Huffington Post: http://www.huffingtonpost.com/james-grundvig/atlantic-

yards-grows-in-b_b_4956213.html 

Guthrie, J. (2010). An American Perspective: Skyscraper architecture goes modular in the UK. From Building 

Design and Construction: http://www.bdcnetwork.com/american-perspective-skyscraper-

architecture-goes-modular-uk 

Hickory. (n.d.). 586 Collins Street - A Sync Bathroom Pod Project. Retrieved Dec 2014 from Hickory Building 

Innovation: http://www.hickory.com.au/projects/568-collins-street 

Hickory. (n.d.). Hickory Building Systems: Overview of Prefabricated Structural System. From Hickory: 

http://www.hickory.com.au/docs/hickory-building-system_capability_electronic_v1.pdf 

Hickory. (n.d.). Sync Building Systems: Overview of Bathroom Pod Technology. From Hickory: 

http://www.hickory.com.au/docs/sync_capability_v9.1_electronic.pdf 

Hickory. (n.d.). What we do Hickory Building System. Retrieved Dec 2014 from Hickory Building Innovation: 

http://www.hickory.com.au/what-we-do/our-systems/hickory-building-systems/ 

Hickory. (n.d.). What we do Sync Bathrooms. Retrieved Dec 2014 from Hickory Building Innovation: 

http://www.hickory.com.au/what-we-do/our-systems/sync-bathrooms/ 

Hill, N. (2008, Nov 28). Personal Interview. (P. Bell, Interviewer) 

Hodgeskin, A. (2008, Feb 4). Personal Interview. (P. Bell, Interviewer) 

House, R. (1997). Random House Kernerman Webster's College Dictionary. K Dictionaries Ltd. 

Icon Buildings. (2013). Contact Us. Retrieved Dec 2014 from Icon Buildings: 

http://www.iconbuildings.co.nz/contact.aspx 

Icon Buildings. (2013). Home. Retrieved Dec 2014 from Icon Buildings: http://www.iconbuildings.co.nz 

Icon Buildings. (2013). Research. Retrieved Dec 2014 from Icon Buildings: 

http://www.iconbuildings.co.nz/research.aspx 

Idealog. (2011, July 19). First Light house gets hammered (under auction). Retrieved Dec 2014 from Idealog: 

http://idealog.co.nz/design/2011/07/first-light-house-gets-hammered-under-auction  



28 
 

Inhabitat. (2014). One9: Nine-Story Prefab Apartment Tower was Install in Just Five Days. Retrieved Dec 

2014 from Inhabitat: http://inhabitat.com/one9-nine-story-prefab-apartment-tower-was-installed-

in-just-five-days/one9-by-hickory-group-7-2/ 

Jagersma, B. (2014, Dec 15). Personal Interview. (A. Dykman, Interviewer) 

Javanifard, N., Markert, D., Strobel, K., & Yap, J. (2013). Modular Prefabricated Residential Construction: 

Constraints and Opportunities. Washington: University of Washington. 

Juken New Zealand. (2008, August 28). Panel - Triboard. Retrieved Dec 2014 from Juken New Zealand: 

http://www.jnl.co.nz/products/panels-products/triboard/ 

Kaufmann, M., & Remick, C. (2009). Prefab Green. California: Gibbs Smith. 

Kelly, B. (1951). The Prefabrication of Houses. New York: MIT Press and John Wiley and Sons. 

Kieran Timberlake. (2014). How can we create a house that holistically advances architecture through 

agendas of on-site disassembly, and reuse of materials? From Kieran Timberlake: 

http://kierantimberlake.com/pages/view/14/cellophane-house/parent:3 

Kieran Timberlake. (n.d.). Loblolly House. Retrieved Dec 2014 from Kieran Timberlake: 

http://www.kierantimberlake.com/pages/view/20/loblolly-house/parent:3 

Kingspan. (n.d.). Insulated Roof and Wall Panels KS1000 AWP Data Sheet. Retrieved Dec 2014 from 

Kingspan: http://www.kingspanpanels.co.nz/Resource-Centre/Download/Wall-Panel-

Brochures/AWP-Product-datasheet 

Kingspan. (n.d.). Insulated Roof and Wall Panels KS1000 RW Data Sheet. Retrieved Dec 2014 from 

Kingspan: http://www.kingspanpanels.co.nz/Resource-Centre/Download/Roof-Panel-

Brochures/Trapezoidal-Roof-Kingspan-Product-Datasheet 

Kingspan. (n.d.). Walls. Retrieved Dec 2014 from Kingspan: Insulated Panels: 

http://www.kingspanpanels.co.nz/Home 

Kirin Insulated Panels. (2015). FAQS. Retrieved Feb 3, 2015 from Kirin Insulated Panels New Zealand and 

Australia: 

http://www.kirinpanels.com/index.php?option=com_content&view=section&layout=blog&id=3&Ite

mid=83 

KLH. (n.d.). Cross-Laminated Timber. From KLH: http://www.klh.at/en/company/facts.html 

KLHUK. (n.d.). Stadthaus, Murray Grove. Retrieved Dec 2014 from KLHUK: 

http://www.klhuk.com/portfolio/residential/stadthaus,-murray-grove.aspx 

Knight Built. (n.d.). Advantages of the Kingspan TEK Building System. Retrieved Dec 2014 from Knight Built: 

http://www.knightbuilt.co.nz/Menu/Advantages.php 

Knight Built. (n.d.). Construction. Retrieved Dec 2014 from Knight Built: 

http://www.knightbuilt.co.nz/Menu/Construction-Details.php 

Knight Built. (n.d.). Contact Us. Retrieved Dec 2014 from Knight Built: 

http://www.knightbuilt.co.nz/Menu/Contact-Us.php 

Knight Built. (n.d.). Kingspan Tek Panel. Retrieved Dec 2014 from Knight Built: 

http://www.knightbuilt.co.nz/Menu/TEK-Panel.php 



29 
 

Koons, S. (2010). Prefabulous + Sustainable. New York: Abrams New York. 

Laing, R., & Anthony Craig, M. E. (2001). Prefabricated Housing: An Assessment of Cost, Value and Quality. 

Aberdeen: Faculty of Design, The Robert Gordon University. 

Laylin, T. (2012, Jan 21). 200 Chinese Workers Erect a 30 Storey Prefabricated Hotel in Just 15 Days. 

Retrieved Dec 2014 from Inhabitat: http://inhabitat.com/200-chinese-workers-erect-a-30-storey-

prefabricated-hotel-in-just-15-days-video/  

Lee, E. (2008, Sept 19). Prefab Friday: Cellophane House by Kieran Timberlake. Retrieved Dec 2014 from 

Inhabitat: Design will save the world: http://inhabitat.com/kieran-timberlake-cellophane-house/ 

Lend Lease. (2014). Forte. Retrieved Dec 2014 from Make it Wood: 

http://makeitwood.org/documents/doc-793-fact-sheet-forte-f.pdf 

Lend Lease. (2013, March 26). Forte: Creating the world's tallest CLT apartment building. Retrieved Dec 

2014 from Slide Share: http://www.slideshare.net/rethinkwood/daryl-pattersonforte-architectural-

design 

Living Homes. (2014). Gallery. From Living Homes: http://www.livinghomes.net/gallery.html 

Living Steel. (2006, July 11). World's Largest Modular/Steel Framed Building in Manchester. Retrieved Dec 

2014 from Living Steel: 

http://www.livingsteel.org/sites/default/files/p328%20case%20study%206.pdf 

Lloyd. (2009). 1947: the Acorn House unfolds. Treehugger. 

Lockwood. (2013). Building Process. Retrieved Dec 2014 from Lockwood: 

http://www.lockwood.co.nz/DESIGNBUILD/BuildingProcess.aspx 

Lockwood. (2013). System at a Glance. From Lockwood Home: 

http://www.lockwood.co.nz/Aboutus/Systemataglance.aspx 

Mackenzie, A. (2010, June). Productivity: Benefits of Building Off Site. From BRANZ: 

http://www.branz.co.nz/cms_show_download.php?id=d11efe2eb31d570379c319e47d3362ec234b5

458 

Magroc. (2011). Contact. Retrieved Dec 2014 from Magroc Building New Zealand Better: 

http://www.magroc.co.nz/contact/ 

Magroc. (2011). Technical. Retrieved Dec 2014 from Magroc Building New Zealand Better: 

http://www.magroc.co.nz/technical-specs/ 

Magroc. (2011). What are 'Structural Insulated Panel's'? Retrieved Dec 16, 2014 from Magroc: Building 

New Zealand better: http://www.magroc.co.nz/magroc-structural-insulated-panel-system/what-is-

a-sip/ 

Makers of Architecture. (n.d.). Warrander Studio. Retrieved Dec 2014 from Makers of Architecture: 

http://www.makersofarchitecture.co.nz/portfolio/warrander-studio/ 

Marriage, G. (2014, Dec 5). Email to author. (A. Dykman, Interviewer) 

Matrix Homes. (2015). Matrix Module: M1. Retrieved Feb 5, 2015 from Matrix Homes: 

http://matrixhomes.co.nz/the-system/module?code=m1 



30 
 

Matrix Homes. (2015). Matrix Home: M1L. Retrieved Feb 5, 2015 from Matrix Homes: 

http://matrixhomes.co.nz/your-design/configuration?id=40 

Matrix Homes. (2015). Process. Retrieved Feb 5, 2015 from Matrix Homes: 

http://matrixhomes.co.nz/process 

Matrix Homes. (2015). The Matrix System. Retrieved Feb 5, 2015 from Matrix Homes: 

http://matrixhomes.co.nz/the-system 

Matrix Homes. (2015). Your Design. Retrieved Feb 5, 2015 from Matrix Homes: 

http://matrixhomes.co.nz/your-design 

McDonald, L. (2014, Oct 28). Prefabs add value to timber. From Stuff NZ: http://www.stuff.co.nz/the-

press/business/10667842/Prefabs-add-value-to-timber 

McDonald, L. (2014, June 18). Stadium Site Eyed for Prefab Homes. From Stuff: http://www.stuff.co.nz/the-

press/business/the-rebuild/10169972/Stadium-site-eyed-for-prefab-homes 

McGraw Hill Construction. (2011). Prefabrication and Modularization: Increasing Productivity in the 

Construction Industry. McGraw Hill Construction. 

McShane, O. (2008, Jan 23). Personal Interview. (P. Bell, Interviewer) 

Melissa. (2014, Dec 17). Personal Interview. (A. Dykman, Interviewer) 

MetraPanel. (2014). Products. Retrieved Dec 2014 from Metra Panel System: 

http://www.metrapanel.co.nz/products/ 

MetraPanel. (2014). Technical Metra Brochure. Retrieved Dec 2014 from MetraPanel - Pre Cut Panel 

Construction: http://www.metrapanel.co.nz/images/pdfs/Technical_Metra_Brochure.pdf 

Michael. (2014, Dec 11). Personal Interview. (A. Dykman, Interviewer) 

Ministry for the Environment. (n.d.). National Inventory Report 2011. From Ministry for the Environment: 

http://www.mfe.govt.nz/publications/climate/greenhouse-gas-inventory-2013/index.html 

ModPreFab. (2011). Commercial Multi-storey Construction with Premier SIP's. From ModPreFab: 

prefabricated modular SIP buildings: http://www.modprefab.co.nz/photo-gallery.html 

Modular Building Institute. (2011). Modular Building Rises High with 19-Story Dorm in UK. Retrieved Dec 

2014 from Modular Building Institute: 

http://www.modular.org/HtmlPage.aspx?name=19_Story_Dorm_UK  

Modular Building Institute. (2009). O' Connell East Architects design 24-story modular. From Modular 

Building Institute: http://www.modular.org/htmlPage.aspx?name=24_story_modular 

Motm. (n.d.). Modular Accommodation. From Motm: http://www.motm.co.nz/?portfolio_page=modular-

accommodation 

Motm. (n.d.). Ocean Shores Retirement Village. From Motm: 

http://www.motm.co.nz/?portfolio_page=ocean-shores-retirement-village 

Motm. (n.d.). University of Auckland - University Hall. From Motm: 

http://www.motm.co.nz/?portfolio_page=university-of-auckland-university-hall 



31 
 

New York Curbed. (2014). 4857 Broadway: Curbed NY. Retrieved Dec 2014 from Curbed NY: 

http://ny.curbed.com/places/4857-broadway  

New Zealand Urethane Systems. (n.d.). Polyisocyanurate Systems for Pour and Block Foam. Retrieved Feb 

9, 2015 from NZ Urethane: http://www.nzurethane.co.nz/pir.html 

Novatop. (2013). Contact. Retrieved Dec 2014 from Novatop: http://www.novatop-

system.cz/en/contacts/producer/ 

Novatop. (2013). Solid for walls and partitions. Retrieved Dec 2014 from Novatop: http://www.novatop-

system.cz/en/novatop-system-5/products/15168-2/ 

NZ Hardware Journal. (2014, Sept). Flooring: Solid underfoot? From Hardware Journal: 

http://www.hardwarejournal.co.nz/feature-stories/september-2014/flooring-solid-underfoot 

Palermo, A. (2014). Personal Interview. (U. o. Canterbury, Interviewer) 

Palmer, R. (2008, Mar 29). Affordable 'Model T' house for the masses. 

Pan, W., Gibb, A., & Dainty, A. (2005). Offsite Modern Methods of Construction in Housebuilding. 

Loughborough: Loughborough UP. 

Parkwood Homes. (2014). Commercial Designs. Retrieved Dec 2014 from Parkwood Homes: 

http://www.parkwoodhomes.com.au/commercial/ 

Parkwood Homes. (2014). Contact Us. Retrieved Dec 2014 from Parkwood Homes: 

http://www.parkwoodhomes.com.au/contact-us/ 

Parkwood Homes. (2014). Home. Retrieved Dec 2014 from Parkwood Modular Building: manufactured 

homes, prefab homes, reloctable homes: http://www.parkwoodhomes.com.au 

Parkwood Homes. (2011). Housing, education, mining and hybrid. Retrieved Dec 2014 from Parkwood 

Homes: http://www.parkwoodhomes.com.au/wp-content/uploads/Commercial-building-

brochure.pdf 

Parkwood Homes. (2009, March). Parkwood Construction Specification. Retrieved Dec 2014 from 

Parkwood Homes: http://www.parkwoodhomes.com.au/wp-

content/uploads/construction_specification.pdf 

Pawley, M. (1980). Design Heroes: Buckminister Fuller. London: Haper Collins. 

Pham, D. (2011, Sept 29). Team New Zealand's First Light House Wins the Engineering Contest at the 2011 

Solar Decathlon. Retrieved Dec 2014 from Inhabitat: http://inhabitat.com/team-new-

zealand%E2%80%99s-first-light-house-wins-the-engineering-contest-at-the-2011-solar-decathlon/  

Pindan Modular. (n.d.). Commercial. From Pindan Modular: Building on partnerships: 

http://www.pindanmodular.com.au/Commercial.aspx 

PLB Construction Group. (n.d.). Bathrooms. Retrieved Dec 17, 2014 from PLB Construction Group: 

http://www.plb.co.nz/bathrooms/ 

PLB Construction Group. (n.d.). Commercial and Industrial. Retrieved Dec 17, 2014 from PLB Construction 

Group: http://www.plb.co.nz/commercial-and-industrial/ 

PLB Construction Group. (2011). Contact us. Retrieved Dec 2014 from PLB Construction Group: 

http://www.plb.co.nz/contact-us/ 



32 
 

Porschitz, H. R., & Schwarz, B. (n.d.). Prefabricated installation units for residential and multi-story 

buildings. From Timber: http://timber.ce.wsu.edu/Resources/papers/6-3-1.pdf 

Portacom. (n.d.). About Us. Retrieved Dec 2014 from Potracom: http://www.portacom.co.nz/aboutus 

Portacom. (n.d.). Accommodation. Retrieved Dec 2014 from Portacom: Building Solutions: 

http://www.portacom.co.nz/accommodation-buildings 

Portacom. (n.d.). Home. Retrieved Dec 2014 from Portacom: http://www.portacom.co.nz 

Prefab NZ. (2013, Nov). Click-Raft by CMA+U. From Prefab NZ: http://www.prefabnz.com/Hive/ClickRaft-

HIVE/ 

Prefab NZ. (2011). News: Prefab NZ and Abroad. From Prefab: The Hub for Prebuilt Construction: 

http://www.prefabnz.com/News/XLam-CLT/ 

Prefab NZ. (2013). Prefab Roadmap: A way forward for prefabrication in New Zealand.  

Qb. (2013). Qb Commercial. From Qb: http://www.innotrademodular.com/#!qb-modular-office-

buildings/c20x9 

Quick Living. (2014). Floor Plans. Retrieved Dec 2014 from Quick Living: Modernistic Architecture 

Construction: http://quickliving.co.nz/floor-plans/ 

Ratner, B. (2011). Personal Interview. (C. Bagli, Interviewer) 

Rawlinsons. (2011). Rawlinsons 2011: Rawlinsons New Zealand Construction Handbook (26 ed.). Auckland: 

Rawlinsons Media Limited. 

RCP. (2013). Formule 1 Hotel. Retrieved Jan 13, 2015 from RCP: 

http://www.rcp.co.nz/blog/projects/tourism-leisure/formule-1-hotel  

RCP. (2010, April). Milestones April 2010. Retrieved Jan 12, 2015 from RCP: http://rcp.net.au/rcp/wp-

content/blogs.dir/2/files/2013/08/2010-Apr-Milestones.pdf 

Reidelbach, J. A. (1971). Modular Housing 1971: Facts and Concepts. Massachusetts: Division of Cahners 

Publishing Company. 

Reidelbach, J. A. (1970). Modular Housing in the Real: a comprehensive industry fact book 1970. Boston: 

Cahners Books. 

Resene. (n.d.). About turn - Metrapanel Construction System. Retrieved Dec 2014 from Resene: 

http://www.resene.co.nz/archspec/products/metrapanel.htm 

Reserve Bank of New Zealand. (n.d.). Inflation Calculator. Retrieved Feb 3, 2015 from Reserve Bank of New 

Zealand: http://www.rbnz.govt.nz/monetary_policy/inflation_calculator/ 

Robert. (2014, Dec 17). Personal Interview. (A. Dykman, Interviewer) 

Romney, A. K., Weller, S. C., & Batchelder, W. H. Culture as Consensus: A Theory of Culture and Informant 

Accuracy. In American Anthropologist. Blackwell Publishing. 

Saha, J. Cost Effective Ways to Protection Steel Structures from Environments. Kolkata: Institute for Steel 

Development and Growth, Kolkata. 

Schoenborn, J. (2012). A Case Study Approach to Identifying the Constraints and Barriers to Design 

Innovation for Modular Construction. Blacksburg: Faculty of the Virginia Polytechnic Institute. 



33 
 

Schrader, B. (2000). Labour at Home: the first Labour government and the familial suburban ideal. In At 

Home in New Zealand: houses, history, people. Wellington: Bridget William Books. 

Semenoff, C. (2008, July 28). Personal Interview. (P. Bell, Interviewer) 

Siegal, J. (2008, June 4). Personal Interview. (P. Bell, Interviewer) 

Singer, C. (2014, Dec 4). Personal Interview. (A. Dykman, Interviewer) 

Singer, C. (2014, Dec 15). Personal Interview. (A. Dykman, Interviewer) 

Smith, D. (2008, Apr). FAQ. From Michelle Kaufmann Designs: www.mkd-arc.com/pressroom/  

Smith, J. (2008, December 12). Email to the author. 

Space Moveable Rooms. (2011). Contact Us. Retrieved Dec 2014 from Space Moveable Rooms: 

http://www.moveablerooms.co.nz/contact 

Space Moveable Rooms. (2011). FAQ. Retrieved Dec 17, 2014 from Space Moveable Rooms: 

http://www.moveablerooms.co.nz/faq 

Space Moveable Rooms. (2011). Living Space. Retrieved Dec 2014 from Space Moveable Rooms: 

http://www.moveablerooms.co.nz/plans-index 

Spanbild. (2014). Contact. Retrieved Dec 2014 from Spanbild: http://www.spanbild.com/contact.html 

Spanbild. (2014). Products. From Spanbild: Design. Manufacture. Build: 

http://www.spanbild.com/products.html 

Stanley Group. (2014). Elam Hall. From Stanley Group: Clever Building: 

http://www.stanleygroup.co.nz/page/220-construction+our-projects+elam-hall  

Stanley Group. (2014). Ocean Shores Redevelopment. Retrieved Dec 2014 from Stanley Group: 

http://www.stanleygroup.co.nz/page/244-construction+our-projects+ocean-shores-redevelopment 

Stanley Group. (2014). Who knows how to build the fastest quality classroom. Retrieved Dec 2014 from 

Stanley Group: http://www.stanleygroup.co.nz/file/Brochures/6803-sg-profile-email.pdf 

Stirling, C. (2003). Good Building Guide 56 - Off site construction: an introduction. United Kingdom: Building 

Research Establishment (BRE). 

Stokes, H. (2014, December 17). Personal Interview. (A. Dykman, Interviewer) 

Taylor, D. (2012, Dec 22). Ground broken on world's tallest modular building. Retrieved Dec 2014 from 

Gizmag: http://www.gizmag.com/b2-atlantic-yards-worlds-tallest-modular-building/25550/  

The Skyscraper Center. (2014). T30. Retrieved Dec 2014 from The Skyscraper Center: The Global Tall 

Building Database of the CTBUH: http://skyscrapercenter.com/changsha/t30-tower-hotel/14432 

The Stack NYC. (n.d.). Innovative, Modular architecture. Retrieved Dec 2014 from The Stack Apartment 

Rentals: http://www.thestacknyc.com 

Thomas, R. (2014, Dec 17). Personal Interview. (A. Dykman, Interviewer) 

Tipa, M., & Keys, J. (2008, Oct 3). Personal Interview. (P. Bell, Interviewer) 

Tony Frost, A. L. (2008, Aug 8). Personal Interview. (P. Bell, Interviewer) 



34 
 

Touchwood. (n.d.). Keeping Innovation Alive - Touchwood. From Touchwood: http://www.touch-

wood.co.nz/default.asp-ID=17.htm 

Trada Technology. (2009). Stadthaus, 24 Murray Grove, London. Retrieved Dec 2014 from Eoinc Weebly: 

http://eoinc.weebly.com/uploads/3/0/5/1/3051016/murray_grove_case_study.pdf 

University of Auckland. (2011, June 30). Uni News 2011. From The University of Auckland: 

https://cdn.auckland.ac.nz/assets/central/for/the-media/publications/university-news/2011-

issues/uoa_news_issue_10_2011.pdf 

Victoria University of Wellington. (n.d.). First Light. Retrieved Dec 2014 from Victoria University: 

http://www.victoria.ac.nz/fad/pdf/First_Light.pdf  

Welhaus. (2014). Design Portfolio. Retrieved Dec 2014 from Welhaus: http://dantreme.myob.net/gallery 

Welhaus. (2014). Pre-Engineered, Customisable Housing built for Wellbeing. Retrieved Dec 2014 from 

Welhaus: http://dantreme.myob.net 

Welhaus. (2014). Welhaus Eco Village. Retrieved Dec 2014 from Welhaus: 

http://dantreme.myob.net/gallery/Welhaus%2BApartment%2BVillage/welhaus-eco-village/356170 

Welhaus. (2014). Welhaus' pre-engineered building system delivers a swift, eco-build. Retrieved Dec 2014 

from Welhaus: http://dantreme.myob.net/preengineered-building-system 

Westall, C. (2014, Dec 17). Personal Interview. (A. Dykman, Interviewer) 

Wilco Precast. (2011). Welcome to Wilco Precast. From Wilco Precast: http://www.wilcoprecast.co.nz/ 

Wilson, R. (2009, Feb 24). Email to the Author. (P. Bell, Interviewer) 

Wood Solutions. (2013). Forte Living. Retrieved Dec 2014 from Wood Solutions: design and build: 

http://www.woodsolutions.com.au/Inspiration-Case-Study/forte-living 

Wood, A. (2014, Nov 22). House factory ready to roll. Retrieved Dec 2014 from Stuff: 

http://www.stuff.co.nz/business/industries/63435136/house-factory-ready-to-roll 

Wood, A. (2012, Aug). Inside the China Broad Group. Retrieved Dec 2014 from Council on Tall Buildings and 

Urban Habitat: 

http://www.ctbuh.org/Events/ToursVisits/2012TourArchive/InsidetheChinaBroadGroup/tabid/3455

/language/en-US/Default.aspx 

Woodlanz. (n.d.). Plans. Retrieved Dec 2014 from Woodlanz: http://www.woodlanz.co.nz/woodlanz.html 

Woodlanz. (n.d.). Projects. Retrieved Dec 2014 from Woodlanz: http://www.woodlanz.co.nz/projects.html 

Woodlanz. (n.d.). Woodlanz Pacific Homes. Retrieved Dec 2014 from Woodlanz: 

http://www.woodlanz.co.nz 

World Buildings Directory Online Database. (2008). Home. Retrieved Dec 2014 from World Building 

Directory: http://www.worldbuildingsdirectory.com/project.cfm?id=201 

World Construction Network. (2009, September 2). World's Tallest Modular Residential Building Unveiled 

in UK. Retrieved Dec 2014 from World Construction Network: 

http://www.worldconstructionnetwork.com/news/worlds_tallest_modular_residential_building_un

veiled_in_uk_090908/ 



35 
 

Wright, L., & Wright, J. (2013, Dec 26). Elam Hall, Auckland University. Retrieved Dec 2014 from Assembly 

Architects: http://assembly.co.nz/2013/12/26/elam-hall-auckland-university/ 

Xlam NZ Ltd. (2013). Building Envelope Guide. Retrieved Dec 2014 from Xlam NZ Ltd: 

http://www.xlam.co.nz/system/files/web-editor/XLAMCLT-BuildingEnvelopeGuidev1.1.pdf 

Xlam NZ Ltd. (2013). Building Services. Retrieved Dec 2014 from Xlam NZ Ltd: 

http://www.xlam.co.nz/architecturalbuildingserv 

Xlam NZ Ltd. (2013). CLT Specification Clause. Retrieved Dec 2014 from Xlam NZ Ltd: 

http://www.xlam.co.nz/system/files/web-

editor/Cross%20Laminated%20Timber%20Specification%20Clauses.pdf 

Xlam NZ Ltd. (2013). Contact. Retrieved Dec 2014 from Xlam NZ Ltd: http://www.xlam.co.nz/CONTACT 

Xlam NZ Ltd. (2013). Gallery. Retrieved Dec 2014 from Xlam NZ Ltd: 

http://www.xlam.co.nz/PHOTOGALLERY 

Xlam NZ Ltd. (2013). Manufacturing Process. Retrieved Dec 2014 from Xlam NZ Ltd: 

http://www.xlam.co.nz/manufactureprocess 

Xlam NZ Ltd. (2013). Panel Specifications. Retrieved Dec 2014 from Xlam NZ Ltd: 

http://www.xlam.co.nz/system/files/web-editor/WebPanelSpecifications_0.pdf 

XLam NZ Ltd. (2013). Surface Appearance. Retrieved Dec 2014 from XLam NZ Ltd: 

http://www.xlam.co.nz/architecturalsurfaceappearance 

Zeta Design and Build. (2014). Townhomes Urban Infill. Retrieved Dec 2014 from Zeta Design and Build: 

http://www.zetacommunities.com/projects/townhomes-urban-infill 

 


