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SUMMARY 
 

As technology moves forward, new construction materials and methods are constantly being 
introduced. The possibilities for moving away from conventional timber construction and utilising 
prefabricated components manufactured from varied materials may be the way of the future. The 
performance of a prefabricated extruded aluminium corner connection and its ability to provide an 
equal means of weathertightness compared to that of conventional construction, a domestic three 
stud, weatherboard clad corner has been investigated. Carried out using physical and analytical 
testing, the prefabricated method of construction is examined for its ability to perform in regard to 
thermal performance, air leakage and water penetration. The investigation identified that the 
aluminium extrusions, in comparison to conventional construction provided a reduced thermal 
performance in the current state of use due to the materiality (aluminium), provides better resistance 
to air leakage when assembled in a double configuration and a better management of water 
penetration through an ‘accept and manage’ principle, where by water which does penetrate is 
drained away to avoid damage.  
 
 
INTRODUCTION 
 
The constant introduction of new materials and methods utilized in the current construction industry 
are driven by many factors. The nature of New Zealanders to be innovative is accepted, but as an 
industry we are additionally driven by timeframes and costs. Fashion also plays a large role in today’s 
trends but all too often, the ability for these innovations to perform adequately is minimal. Change and 
innovation is not a bad thing, in fact it is inevitable. Lessons learnt from prior construction types and 
failures provide the basic principles from which successful weathertightness of new construction 
details should be based.  
 
The attention to the weathertightness of a building envelope is essential in order to prevent damage 
occurring to property and people. The awareness of a failure and the implications which result are all 
too often over looked. Weathertightness is currently a large problem in New Zealand and worldwide 
construction.  It is expressed that there is a “lack of science in the area of weathertightness” 
(O’Sullivan 2000 ) and this needs to be addressed sooner rather than later.  
 
A means of assessing the ability for new and innovative products to perform is by testing them, prior 
to their widespread use allowing problematic areas to be identified and changes made to further 
improve the product.  
 
The weathertightness of the aluminium extrusions, which form the connection between two sliding 
components currently used in the construction of the Bachkit™, designed by Architect André 
Hodgskin are compared to conventional construction, a domestic three stud, weatherboard clad 
corner. (Refer to Figure 1) 
 
The possibilities for moving away from a typical timber conventional construction and utilizing 
prefabricated components manufactured in workshop conditions may be the way of future 
construction.  It is not so much that there is a major fault with conventional construction, more so as 
innovation progresses, more efficient construction methods which minimise or eliminate possible 
defects and failures are introduced.  
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Conventional Construction, top (Burry, et al, 1998 p112) and a cross-section of the 
aluminium extrusions, bottom, (Hodgskin) indicating testing angle and catchment zones 

 
 
Conventional Construction 
 
The conventional construction referred to, is defined as a domestic three-stud corner constructed 
using a good practice approach. This results in the framing being a standard 100 x 50mm timber 
acting as corner studs, interior linings and exterior cladding comprising of weather boards over a layer 
of building paper.  
 
The Bachkit™ Components 
 
The aluminium extrusions investigated are currently in use in the construction of the Bachkit™, a 
prefabricated beach home. Designed by the Auckland Architect André Hodgskin, the Bachkit™ has 
“gained the benefits of specific design through mass production” (NZIOB 2000, Innovation). Figure 1 
indicates these in a double configuration (double skin) where by both cladding (exterior) and glazing 
(interior) skins are closed, alternatively these can be positioned in a single configuration (single skin) 
where by the cladding skin is slid back and the glazing skin is left separating the interior and exterior 
environments.   
 

Catchment Zone One 

Catchment Zone Two 

Vulnerable angle 



Scope 
 
The scope is limited to the investigation of weathertightness. Three issues of weathertightness will be 
assessed by utilising physical, and analytical test methods, these issues are:  
 

• Thermal Performance  
• Air Leakage 
• Water Penetration 

 
It is acknowledged that additional areas of research would need to be undertaken, in regard to its 
structural capabilities for example, to confirm its suitability for its use as a replacement construction 
method to that of conventional construction in the future.  
 
 
BACKGROUND 
 
The use of conventional construction styles has been relatively steady over the decades with an 
average of 10% of all domestic construction utilizing timber weatherboards (Murphy 2000, Fig 3.4). Its 
performance may be questionable as a recent cladding study highlighted horizontal timber 
weatherboards to account for 25% of the total defects recorded against cladding types (Murphy 2000, 
Fig 3.6).  
 
It needs to be recognised that while there are some weathertightness issues in relation to the 
conventional weatherboard clad corner construction, it is by no means a poor construction method. It 
has been utilized successfully for years and will be for many more. The issues associated with it may 
be the consequences of poor design, workmanship, insufficient maintenance or deterioration over 
time, rather than an actual poor method of construction.  
 

Thermal Performance 
 
The building envelope provides a barrier, which ideally provides as much resistance to the exterior 
environmental conditions as possible. The building fabric to a greater or lesser extent retards thermal 
transfer, or heat flow. “If a materials’ conductivity is high and/ or heat storage capacity low, heat will 
flow readily through this material.”(American Institute of Architects 1981) It is also recognised that the 
amount of energy required to run a building can be determined by a number of factors, including the 
“thermal efficiency of the building envelope. Thermal efficiency includes the thermal insulation and air 
tightness” (CIBSE 2000, 1-3) of a building envelope.  
 
 
The occurrence of thermal transfer is by no means limited to a single process. There are three main 
processes by which thermal transfer may occur.  
 

• “Convection; the process by which heat is transferred by the movement of warm fluid (either 
gas or liquid). Convection occurs when a fluid is warmed, either by radiation or conduction, 
and rises because it is less dense than cooler fluid.” (American Institute of Architects 1981)  
This is the essentially the resultant process of air leakage.  

 
• “Conduction; the process by which the heat travels within one substance or from one 

substance to another by direct modular interaction. This is essentially refereed to as thermal 
bridging.” (American Institute of Architects 1981) 

 
• “Radiation; unlike most metals, polished shinny metals are generally poor emitters of thermal 

radiation. The more polished or shinny the surface of a material, the more it will reflect 
thermal radiation. The closer the incident angle is to being parallel, the more thermal radiation 
will be reflected.” (American Institute of Architects 1981) 

 



Air leakage  
 
Air leakage through a building component or components may have a number of impacts ranging 
from uncomfortable draughts to thermal transfer. 
The velocity of the air movement is of significance as it may have the possibility to be perceived as 
cold draughts and provide uncomfortable conditions.   
 
Air movement that can also transfer heat in and out of a building can also be due to pressure 
differences between the inside and the outside of the building. These pressure differences can be 
caused by wind blowing against one side of the building, generating a negative pressure on the 
opposite side. As a result of the pressure difference, air leaks infiltrate through the building to an area 
of negative pressure. 
 
It is generally acknowledged that conventional construction such as light timber framing, where dry 
connections are used, has the possibility for greater air infiltration as opposed to heavy construction, 
which utilises impermeable materials such as concrete with wet (in-situ) connections. The awareness 
of this has over the years led to the increased use of building wraps. Building wraps help to protect 
against “air infiltration, manage moisture vapour and protects the wall when rain and wind get behind 
the cladding” (DuPont). An industry example of this is the DuPont product called Tyvek. This is a 
building wrap which is designed to let moisture from inside out, but not outside in. The house wrap is 
sealed at the top and bottom plates using a silicon bead and then stapled to prevent air entering the 
insulation bays. (GairAir -Technical Information Page, 2001) 
  

Water penetration 
 
There are five processes (Foster 2001) that allow the passage of water between joints.   
 

• Kinetic Energy can drive rain into and through the joint by the sheer force of the wind.  
• Surface Tension causes water to adhere to and run along the underside of horizontal 

surfaces. 
• Gravity pulls the rainwater down and across horizontal surfaces it strikes. 
• Capillary action draws water into narrow passages, which are bounded by wetable surfaces 

(without wind pressure or gravity the water would stay within the void and the capillary would 
not occur). 

• Air Pressure Differentials, which occur when the cavity pressures are less than the external 
ones and water, is drawn in through small gaps and breeches in the skin. 

 
The assessment of the extent of water penetration is based on a visual scale, as opposed to a 
quantified scale. This scale is defined as the Norwegian Six Point scale (Bishop & Bassett, 1990), as 
follows: 
 

0 No leakage  

1 A few drops (about one every 5 seconds) 

2 Several Drops (about one drop per second) 

3 Slight flow (a steady stream of drops) 

4 Medium flow (a continuous stream where individual drops cannot be distinguished) 

5 Heavy flow (a large stream of water, about 6mm in diameter or larger) 

 
INVESTIGATION  
 
Thermal Performance 
 
The investigation into the thermal performance of both the conventional construction and the 
aluminium extrusions has been undertaken utilising the THERM 2.1a computer program. This is a 



product of the Lawrence Berkley National Laboratory (LBNL) and is used for the two-dimensional 
thermal analysis of heat transfer. This is a simulation whereby results are produced in a range of 
forms, for example isotherm contours and min/max temperature points.  
 
 
Air Leakage & Water Penetration 
 
The investigation into these aspects of performance of the aluminium extrusions only, have been 
physically carried out utilising a range of equipment, in a manner which is based on New Zealand and 
Australian standards (NZS4211: 1985 and AS4420:1996) and work carried out previously. A negative 
pressure applied to the purpose built test cell during the testing allowed for simulated positive 
pressures during simulated rain conditions to be generated.  
 
The results obtained from the testing of the aluminium extrusions are compared to previous work by 
Bishop and Bassett (1990), whereby investigations were made into the weathertightness of a variety 
of claddings on lightweight timber framing.  
 
RESULTS 
 
Thermal performance 
 

Configuration Min Temp 
ºC Max Temp ºC Range   º C 

Projected U 
factor 

W/m2.C 

Avg. Temp 
(º C) across 

corner 
Conventional -17.76 19.18 36.94 1.5 -5.8 
Bachkit™ (Single) -14.40 -9.20 5.20 14 -12.0 
Bachkit™ (Double) -15.01 -5.82 9.19 12 -10.0 

Table 1 Thermal performance summary 
 

Table 1, above provides a summary of the results from the thermal performance testing. The 
extremes of min and max temperatures are as a result of the settings of the simulation program, 
where constant exterior and interior temperatures of –17.79ºC and 21.1ºC respectively are used. This 
large range allows for variations to be more easily identified. In terms of interpreting this information, 
essentially the greater the temperature range, and the smaller the projected U factor, the better the 
performance. From this it can be identified that the convention construction performs better than the 
extrusions in both a single and double configuration.   
 
 
Air leakage  
 

Configuration Air leakage l /m2.s 
Conventional 1.35* 
Bachkit™ (Single) 1.61 
Bachkit™ (Double) 1.02 

Table 2 Air Leakage Summary  
 
Table 2 indicates the resultant air leakage rates, depending on the configuration. Currently, the only 
method of sealing the connection between the sliding aluminium extrusions is by the use of Mohair 
draught strips. These are located in the extrusions by a purpose formed channel in each side of the 
receiving extrusion. Deterioration over time due to wear may be incurred as a result of its current 
sliding nature. These have the ability to be replaced should the requirement arise. From this it can be 
identified that the extrusions in a double configuration have the least amount of air leakage.  
 
 
 
 
                                                                 
* This has been extrapolated from an air leakage rate for a complete wall system which includes a window and 
four corner connections. 



Water penetration 
 
 

Figure 2 Water penetration 
 
Figure 2 indicates the Leakage that occurred during the testing of the aluminium extrusion which was 
only observed in the catchment zones (indicated in figure 1). At no stage was water penetration to the 
backsides of the extrusions noted. Thus indicating an “ACCEPT and MANAGE’ principle whereby the 
water that does enter the connection between the extrusions is drained away to prevent further 
penetration and possible damage. Although testing identified water penetration to catchment zone two 
when tested in a double configuration, it is suspected to be generated by a wicking effect due to the 
material properties of the plywood test cell. In a constructed state, water penetration would be 
arrested and drained in the first zone.  
 
 
 
CONCLUSIONS 
 
From the computer simulation of the thermal performance, and the physical testing for the air leakage 
and water penetration to both single and double configurations, it has been identified that the 
performance of the aluminium extrusion corner detail does not currently provide an equal means of 
weathertightness to that of the conventional construction method. For the extrusions to be assessed 
as providing an equal means of weathertightness, the performance of the extruded aluminium 
components are required to equal or exceed the performance of the conventional construction in all 
three issues, thermal performance, air leakage and water penetration.  
 
Summarised results:  
   

• Minimal thermal performance in the current state of construction due to materiality 
(aluminium).  

• Better air leakage resistance than conventional when tested in a double configuration only, 
reduced air leakage resistance in a single configuration. 

• Better management of water penetration through the ‘accept and manage’ principle. 
 
The areas where the aluminium extrusions perform in a reduced manner to that of conventional 
construction have been highlighted, and improvements to these areas considered. 
 
Improvements identified involve: 
 

• The introduction of thermal breaks and/or insulation to extrusion cavities. 
• Additional sealing buffers manufactured from rubber as opposed to Mohair.  
 

In the current situation, it could be suggested that its use a beach home does not warrant the 
requirements for increased thermal performance. 
 
It is recognised that “The concept, design, construction and operation stages of wood framed 



envelopes are based upon an assumed degree of perfection which is impossible to achieve” 
(O’Sullivan 2000), therefore the utilization of prefabricated components such as the aluminium 
extrusions discussed in this report could provide a means of achieving a greater degree of perfection 
in the New Zealand building industry.   
 
Given the results there is a potential for the wider application of this type of prefabricated construction 
detail. From this, the additional advantages of the use of the extruded aluminium detailing include the 
maintained quality and factory tolerances generated in a repetitive manner resulting in quicker 
production timeframes on and off site.  
 
Initial deterrents from this type of construction being utilized in a more extensive manner include the 
foreseeable increase in cost compared to the conventional construction method.  
 
These types of innovation are leading us to a constructed society utilizing modular construction. Every 
structure built today contains components which are factory-manufactured. Items such as wall frames, 
trusses, pre-hung doors and stairs are being more frequently manufactured in a factory, trucked on 
site, lifted into place and installed. The progression of this can increase off site automation and reduce 
on site construction. (NZIOB 2000, Modular Building )  
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