
J. Zuo, L. Daniel, V. Soebarto (eds.), Fifty years later: Revisiting the role of architectural science in design and 
practice: 50th International Conference of the Architectural Science Association 2016, pp. 685–694. ©2016, The 
Architectural Science Association and The University of Adelaide. 

Experimental construction in a timber house 

Guy Marriage 
 Victoria University of Wellington, Wellington, New Zealand 

guy.marriage@vuw.ac.nz 

Abstract: This paper describes work undertaken in order to examine structural innovations in the New 
Zealand construction system, in order to test the efficiency of standard solutions vs newer methods of 
construction. The systems used are described and evaluated as possible scenarios for alternative 
construction methods, and the drawbacks and plaudits are discussed. It examines whether the standard 
methods of construction still hold validity, or if there are alternative systems worth further exploration. 
Can a system which utilises thin strips of engineered plywood woven into a stressed skin matrix, be the 
structural equivalent of standardised units of large timber sizes arrayed in a regular orthogonal grid? The 
weight, amount, and cost of the systems are compared and findings are discussed. 
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1. Introduction 
New Zealand Standard 3604 (NZS 3604) is the formally recognised, standard means of construction for 
the vast majority of New Zealand residential building projects. It is an extremely prescriptive, pre-
engineered solution for timber-framed housing up to 3 stories tall. It removes the need for a structural 
engineer to be involved in the design of a house if the house is fully compliant with the limited scope of 
NZS 3604. Functionally however, NZS3604 merely formalizes the traditional form of timber framing 
prevalent in New Zealand since colonization and features few (if any) innovative improvements over the 
more traditional balloon framing. This paper examines a building construction project (completed 
September 2016) which utilizes an alternative to traditional, NZS3604 methods of timber framed 
construction.  

The volume and weight of timber being utilised in the building project concerned forced a rethink 
part way through the project, to trial using plywood as a series of woven strips to form a stressed-skin 
structural matrix. The system may compete with a more traditional timber structure in terms of strength 
and cost, thereby offering more value to the owners as well as speeding up the building process. The 
ensuing research question tackled in this paper is therefore “can a plywood based woven lattice system 
compete with a timber frame system for similar load conditions?” 

While the construction project visually conforms on the exterior primarily to images of stereotypical 
New Zealand construction, internally, the building houses an innovative response to the environment. 
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2. Background 
The prescriptive-based NZS 3604 has to work alongside the New Zealand Building Code (NZBC), which by 
contrast is a performance-based code for construction. The NZBC contains 17 Clauses, which range from 
B1 (Structure), through E2 (External Moisture), to H1 (Energy). These clauses, while on the surface still 
being very performance based, have over the last 15 years been serially revised and are now much more 
prescriptive as to what are deemed to be “Acceptable Solutions”.  

New Zealand has many houses that have lasted well over 100 years with good quality building 
solutions, but more recently the house building industry has had a chequered history, involving several 
billion dollars worth of building envelope failures and even some structural collapse within 10 years, due 
to systemic bad building issues. Murphy has written extensively on the history of the “Leaky Building 
Crisis” in papers presented at ANZASCA (Murphy, 2010 and 2011) and Alexander et al have written a 
history of the Leaky Building Crisis (Alexander, 2011).  

A dichotomy arises in the case of constructing a home in NZ. Clauses B1 and E2 set out standard 
details of construction, while NZS 3604 describes the route to achieving the pre-determined details. 
Typically these are details for a 1-2 storied timber framed building with aluminium windows and an 
external facade comprising timber weatherboard, profiled metal, brick veneer or externally insulated 
facade systems (EIFS). Building solutions that are not in strict accordance with B1 and E2 then become, 
typically, an “Alternative Solution” for which justification is needed and / or prior precedence is often 
requested by Building Consent Officers (BCO).  

Some of these Alternative Solutions are reasonably common and easily accepted by BCOs (such as 
proposing timber windows instead of aluminium windows), while other Alternative Solutions have to be 
justified on paper, often at considerable expense to the architect or owner. For those reasons, most NZ 
houses are strictly dull iterations of regurgitated B1, E2, and NZS 3604 details, in order to circumvent 
having to apply for Building Consent for an Alternative Solution. 

Buckminster Fuller would frequently ask architects “how much does your building weigh?” (Braham, 
2009), when extolling the benefits of his lightweight aluminium Dymaxion house, a phrase which has 
even made it into a feature length documentary in the film “How much does your building weigh, Mr 
Foster?” (Carcas, Amado and Sudjic, 2010). While the Dymaxion house was, in the end, not a financial or 
physical success, Fuller makes the point strongly that the use of limited natural resources going into 
construction projects needs to be considered. The approach of NZS 3604 does not take into account 
such esoteric concerns as building weight, only building strength using ‘traditional’ materials. 

3. Project 
This search for alternative construction systems is an ongoing project. Most standard residential 
buildings in NZ utilise timber framing studs sized at 100mm x 50mm nominal (90x45 actual), historically 
based around the imperial 4”x2” timber frame. Services such as electrical and plumbing are typically 
routed through a series of drilled holes in the timber frame, which further reduces strength (minimally) 
and flexibility for services route changes (retrospectively). This 90mm depth restricts the width of 
internal insulation to a maximum of 90mm, which in turn both impedes achieving a high R-value of 
insulation and also creates cold thermal bridges at regular intervals.  

As requirements for R-values increase, insulation is now often being installed on the external face of 
the building, comprising polystyrene sheets screw-fixed externally directly over the framework, and 
often plastered as the final finish. Alexander notes that this EIFS construction system is one of the 
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primary contributors to Leaky Building Syndrome and the industry has largely moved to avoid building 
systems of this type by installing drained and ventilated cavities to the external face of the building, 
alongside (hopefully) better building practices (Alexander, 2011). Services, however, still are routed 
within walls. 

On this particular project, due to the location in an ‘Extra High’ wind zone and height of the building, 
a minimum depth of 140 stud walls was required, which facilitated an increased depth of insulation 
within the timber wall-framing cavity. This puts the cost of timber up by 50%, but also has the follow-on 
effect of drastically increasing the volume and weight of the timber utilised, by a corresponding 50% 
also. Strength is also commensurately higher, and there is more room for services, but is the increased 
strength worth the extra cost and ensuing extra volume of timber? The physical strain of handling large 
and heavy lengths of timber during construction spurred a desire to seek methods of building 
substantially lighter from a stronger and yet more lightweight material: plywood.  

The Extra High wind zone also required the building to have both a drained and ventilated cavity, as 
well as a rigid air barrier (RAB) to the inner face of the external cavity, so the opportunity was taken to 
utilize the North American system of completely sheathing the external face of the building (walls and 
roof) with a layer of structural 12mm structural bracing plywood to assist in both weathertightness and 
structural rigidity. This is an unusual solution in NZ, where walls and roof are normally sheathed only in 
lightweight fabric membrane ‘building wrap’ or, at most, a 4.5mm thick RAB to the walls only. 

4. Click-Raft 
The first part of this exploration was to exchange an area designed with timber floor beams, with a 
plywood lattice solution. One part of the house is two storied and contains an exposed underside of the 
upper floor. Originally, the floor was designed as a traditional timber frame, but during construction, a 
building amendment was lodged to change one part of the system to a plywood lattice, allowing a side-
by-side comparison. This exposed underside is a structural solution, but does not follow standard means 
of fabrication, assembly or construction. Instead of the standard, fully NZS 3604-compliant solution of 
timber floor joists at 400mm centres, composed of regulated 190x45 lengths of machine-stress-graded 
(MSG-10) pinus radiata timber spanning across the room below, the building utilises the strength of 
12mm thick plywood in order to create a woven grid of plywood beams to form a lightweight floor 
structure (refer figure 1).  

The construction used is the Click-Raft system, developed by Christopher Moller and until now, used 
primarily in small out-buildings (Moller, 2016). Originally conceived of as a children’s construction toy 
but since developed into a system of prefabricated wall and floor components, Moller has now 
constructed a few of these Click-Raft buildings, including a small studio at his own house, where the 
Click-Raft system is used for walls, floors and roof structures, with a completely separate outer skin 
comprising the envelope. This allows the needs of the enclosing envelope (waterproofing, insulation etc) 
to be completely separated from the needs of the structural system (strength, longevity, rigidity etc).  

Moller’s woven plywood system uses a series of “Click-Leaves” and “Click-Beams” cut from a 
plywood sheet using a CNC cutting head, with the final product being assembled on site on a flat 
surface, and then lifted by hand into place. The system has therefore undergone field testing in a 
number of locations in Europe and New Zealand and has had fairly rigorous engineering explorations 
over the last decade of developing the Click-Raft system. Engineering calculations were submitted to the 
Building Consent Authority as justification. 
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Figure 1: The Click-Raft floor as installed. (source: author, 2016)  
A comparison of the two systems (traditional and plywood Click-Raft) is evaluated in table 1. The 

Click-Raft system, although highly innovative in terms of NZS 3604 and NZBC clause B1, nonetheless 
passed through the Building Consent amendment process without any fuss. 
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Table 1: Comparison of timber framing and plywood Click-Raft system for flooring. 

Element measurement NZS 3604 compliant Click Raft plywood Evaluation 
Beam length 2400mm 2400mm Plywood more fragile 
Beam width 45mm 12mm Plywood more flexible 
Beam depth 190mm 190mm Plywood strength same in 

vertical axis 
Volume  (m3 per m) 0.00855 m3/ 1.0m and 

0.02052 m3 / 2.4m 
0.00228 m3/ 1.0m and 
0.005472 m3 / 2.4m 

Ply volume less 

Number of beams 10 20 Ply beam numbers doubled, 
but arranged as sinusoidal 
curves 

Weight - material general 400kg/m3 600kg/m3 Ply weight 50% heavier than 
timber by volume 

Weight of beam per meter 
(volume / m in brackets) 

4kg/m (0.01m3) 1.5kg/m (0.0024m3) Ply weight 2.5 times less than 
timber, due to reduced 
volume 

Weight - per beam 9.6kg 3.6kg Ply beam approx 1/3 weight 
for equiv length 

Weight - actual usage 96kg 72kg Ply system 75% of weight 
Fixings 90mm power-driven 

nails, skew nailed 3 
each side at ends and at 
blocking joists 

No fixings to majority, 
as plywood interlocks, 
but screwed to centre 
beam 

Less fixings to ply, but more 
fiddly to install. 

Cost - unit (excluding GST) $8.50 per lineal metre $79 per sheet (2.44m2)  
Cost - beam $20.40 $13.20 Ply beam 65% of cost of 

timber beam 
Cost - actually usage $204 $264 Twice the number of beams, 

so ClickRaft system ends up 
30% more expensive, not 
including design time and 
cutting time. 

Note 1: Nogging not allowed 
for, but will be similar 
results. 

1 row of blocking joists 
would be needed at 
mid span, between 
joists 

4 rows of blocking 
required, CNC cut to 
interlock over the 
beams 

Overall, blocking costs likely 
to be greater with ply 
system. 

Note 2: Labour costs not 
allowed for in calculations. 

Carpenter: 2 hours 
construction time 
estimated 

Machine cutting time: 1 
hour plus skilled 
operator. Unskilled 
assembly team of 2 at 
15 minutes each. 

Click-Raft notably swifter in 
assembly, but overall, 
excluding Design phase, 
labour costs are likely to be 
broadly similar. 

Note 3: Material costs are 
wholesale, excude GST, and 
retail costs may be 50% 
higher (or more). Table data 
sourced from NZTE (2011) 
and 2016 trade prices 
received by author. 

Flooring over is 18mm 
ply, cost not included. 
Screw fixed through 
flooring ply down into 
floor joists. 

Flooring over is 18mm 
ply, cost not included. 
Screw fixed through 
flooring ply down into 
plywood floor batten, 
and into central beam 
and perimeter joists. 

Flooring over is the same for 
both systems. 
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4.1 Summary of Click-Raft system. 

A summary of figures from table 1 shows that the Click-Raft system utilizes plywood beams that are 
significantly less volumetric (about one quarter of the volume) and also lighter (40% of the weight) of a 
more traditional timber floor, but because the actual number of beams is doubled, the resultant weight 
saving is only 75% of the more traditional method. Costs are higher (30% more) for material, but would 
achieve significant savings in labour if adopted on a larger scale, as well as achieving better quality 
through more accurate dimensions. On the whole therefore, if just material cost is taken into account, 
the Click-Raft system is more expensive, but when potential labour savings and aesthetic appearance 
are taken on board, then the finished result would indicate that the system is a worthwhile investment. 

In the building project explored here, a large beam was inserted down the centre of the room, and 
one Click-Raft system was installed to each side of the beam. The two Click-Raft systems were then 
stitched together with a plywood floor diaphragm reaching from side to side and screwed securely to 
both the central beam and the perimeter joists. The cost and weight of the central beam was not 
included in the calculations, as it would be necessary for either system. An alternative solution with no 
central beam, but instead relying on oversized timber floor joists / extra large plywood beams was 
briefly explored but it was not feasible on any front: neither cost, volume, or aesthetics, although there 
are many recognized means of linking together plywood sheets to form larger structural systems as 
shown by the Super-Slob projects (Tubby et al, 2012). 

There seems no doubt that a plywood latticework system such as the Click-Raft can provide a 
significantly lighter building, assembled in a much more speedy fashion, at least in parts of a typical 
building. Further tests will have to be made to see if a plywood lattice can equal a more typical solution, 
particularly in strength and longevity - and like any new building prototype, there will be success and 
there may be failures. The Click-Raft system puts the plywood under stress to create tension and 
compression in both planes, and utilises the sinusoidal curve’s tension to create the strength in the 
waffle slab. As a result the floor, when loaded, becomes extremely rigid and creates a rigid platform / 
wall plane for building on, but the sinusoidal curve does create issues with the more rectilinear forms of 
traditional building materials such as plywood. Fixings between rectangular systems and sinusoidal edge 
strips of plywood can be especially awkward.  

Moller continues to explore the uses of Click-Raft, including on larger building projects following the 
success of this residential test project, and his Mt Pleasant Community Centre building (also completed 
in September 2016) will utilise several new innovative structural solutions including folded plane CLT 
wall and roof panels anchored to a concrete slab floor, but any such system innovation is still going to be 
an Alternative Solution, rather than an Acceptable Solution (Moller, 2016).  

However, one key aspect of the Click-Raft system unaccounted for by the need to reach and comply 
with the NZBC is it’s looks: Click-Raft has a grace and beauty inherent in the gentle sinusoidal curves of 
the Click-Leaves and, dependent on the angle viewed (and the viewer), looks like waves, or leaves, or 
surfboards. This is not the usual description of the underside of a wooden floor by a work-hardened 
carpenter. In reality, the construction system has an elegance often attained in the Gothic tradition by 
fan-vaulting ceilings, where the ribbed tracery of the ceiling is a direct outcome of the structural system 
used for construction. Perhaps Click-Raft is, in effect, a modern, pre-fabricated form of Gothic. 

Moller’s use of Click-Raft solely as structure (with ornamentation as a pleasant side effect), allowing 
the separation of the external building envelope into a solely external system has its advantages, but it 
is potentially difficult to integrate into a large scale building. The traditional timber frame is normally 
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utilized as the place to hide services, with electrical wiring and plumbing pipes ‘hidden’ within. In 
exposing the Click-Raft system such as Moller does (fully) or has been done here (exposed, but partially 
integrated into the walls), there is no convenient route for concealment of services. While in Moller’s 
buildings the Click-Raft structure is fully separated from the external cladding, permitting the use fo the 
system as ‘free’ internal shelving, in this case the decision was made – independently – to line the walls 
with plywood. The plywood of the Click-Raft ceiling integrates visually well with the flat aesthetic look of 
the ply walls, integrating the system totally into the building and providing a harmonious experience.  

4.2 Compressed Laminated Timber system. 

As a comparison with these two systems, a third system was also examined for inclusion at design stage, 
but did not proceed due to issues of getting materials on site (the site concerned has no street access, 
so therefore no crane access is possible). This third system is the increasingly popular use of cross-
laminated timber (CLT) as a structural and aesthetic system, well annotated in the construction of the 
Warrander Studio in Christchurch (Marriage and Sutherland, 2014). It rapidly became extremely obvious 
that while the Warrander Studio was highly innovative in New Zealand, the volume and weight of the 
building would be prohibitive on a site where everything had to be lifted in by hand.  

CLT by weight is approx 40kg for a 100mm thick wall in a metre by metre panel, so a building nearly 
6m high could weigh 240kg per metre of wall, and with wall panels typically 3m wide, each panel could 
weigh nearly 3/4 of a tonne. In terms of Buckminster Fuller’s previous question therefore of “How much 
does your building weigh?” the answer to CLT is simply “way too much (without a crane)”.  

5. Plywood Lego 
The second part of the trail was to be another exploration of a plywood lattice system, set out on a 
more typical orthogonal grid, i.e. doing without the curving sinusoidal Click-Beams. In an effort to 
integrate more fully with a standard plywood sheet 2.4m long, an orthogonal plywood interlocking 
system was proposed for part of the house project. Plywood structural ‘studs’ were planned to intersect 
with plywood ‘nogs/dwangs’ and the whole was to be ‘stitched’ together with plywood walls connected 
by small CNC-cut interlocking teeth.  

Numerous examples of interlocking plywood furniture exist, as well as entire fabrication systems 
such as the WikiHouse, where beams of plywood are interlocked with tight-fitting joints to create large 
spans. This is a fairly standard method of rigidly fixing two sheets of plywood together, and with CNC 
technology allowing tight friction-fit jointing, it allows plywood sheets to lock together without the need 
for screw fixings (Tubby et al, 2012). The Click-Raft system is largely screw-free as well: the CNC-cut slots 
rigidly define where every joint must occur. The Sutherland system used by Makers Of Architecture in 
the Warrander Studio utilises a completely screw-free gravity hanging system for the installation of 
external cassette panels on the outside face of the CLT base structure. 
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Figure 2: The Plywood lego system, conceptual design. (source: author, 2016)  
 
On this occasion however, the project did not get as far as the Building Consent Authority, and was 

stopped in its tracks by the structural engineer. As the wall concerned was a bracing wall, the engineer 
insisted on a perimeter structure of solid timber frame to each plywood bracing sheet (the building is 
completely externally clad with plywood to achieve high bracing results to combat the Extremely High 
wind zone). While for a while the design team was keen to accommodate the engineer’s requirements 
and attempted to change the system to a hybrid timber and plywood system, the resulting space left 
over for a solely plywood wall element was minimal, and the decision was made to delete this hybrid 
and just continue with a standard timber frame in order to permit the construction of the house to 
proceed according to program. 
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6. Conclusion 
More time is required to fully test out whether the Click-Raft system is a worthy alternative to the more 
‘tried and tested’ systems such as NZS 3604 timber framing, although if the Click-Raft system does 
require replacing at some stage in the future (hopefully never), then the house would require 
substantial rework to extricate the plywood from within the house. Faith is put in the calculations of the 
engineers that the strength of the system is up to the task of remaining vertical in an Extra-High wind 
zone. Further testing of the system could be undertaken on a separate test rig, i.e. testing compression 
and tension of the plywood lattice to destruction, as well as tests run on assessing thermal performance 
of a plywood system versus a traditional NZS 3604 system, but these aspects were not tested on the 
current project. The author hopes to be able to continue to use the project as a test bed for future 
building innovations. 
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