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Abstract: Tasmania, located in southern Australia, is a cool-temperate climate. For several months, the 
external environment is cooler than the desired minimum temperature for thermal comfort. However, 
this same climate has many days in the hotter months when the external temperatures are above those 
desired for thermal comfort. This creates a scenario where heating is used extensively, and during the 
warmer months, houses are also increasingly cooled. Combined with enhanced thermal performance 
regulations three distinctly different, yet interlinked consequences have evolved. Firstly, the newer 
homes are much warmer in winter, providing thermal comfort and human health benefits. The increase 
in envelope performance has enabled and created greater differences in vapour pressure between the 
conditioned and unconditioned interior spaces and the external environment. Finally, the better 
performing envelope has led to an increase in thermal comfort expectations, where reverse-cycle air-
conditioning is often operated 24 hours a day, 7 days a week. These factors have led to a significant 
increase of internal surface and interstitial condensation within many new homes. This paper discusses 
recent condensation problems encountered within Tasmania, which has established significant 
knowledge and practise deficiencies within the design and construction professions in relation to 
climate based vapour pressure management within buildings.  
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1. Introduction 
Tasmania, located in southern Australia, is classed as cool and temperate climate. For the majority of 
the year, the external environment is cooler than the desired minimum temperature for thermal 
comfort. However, this same climate has many days in the hotter months where a house provides 
shelter from excessive solar radiation and temperatures above those desired for thermal comfort. This 
creates a scenario where heating is used within houses for most of the year and cooling is increasingly 
more commonplace during the warmer months. This pattern of built environment intermittent heating 
and cooling creates an outward vapour pressure when heating and the converse in when cooling.  
Enhancements to the National Construction Code (NCC), since 2004, have included a focus on the 
reduction of greenhouse gas emissions which result from heating and cooling energy (ABCB, 2004; 2007; 
COAG, 2009; ABCB, 2010; COAG, 2015). The amount of heating and or cooling energy likely to be used is 
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intrinsically linked to the maintenance of thermal comfort within habitable rooms within housing. These 
regulations have created three distinctly different, yet interlinked consequences. Firstly, compared to 
pre 2004 housing, the newer homes are much warmer in winter, providing thermal comfort and human 
health benefits (Ambrose et al., 2013). The increase in envelope thermal performance has created 
thermally tighter housing but in most cases, there has been no consideration of vapour pressure 
management. Finally, the better performing envelope has led to an increase in thermal comfort 
expectations, occasionally termed ‘comfort creep’, where reverse-cycle air-conditioning is often 
operated 24 hours a day, 7 days a week (Strengers, 2008). The combination of the built fabric 
improvements, occupant thermal comfort expectations and no consideration of vapour pressure, has 
led to a significant increase of internal surface and interstitial condensation within new homes in 
Tasmania (Dewsbury et al., 2016).   

This paper discusses specific surface and interstitial condensation problems encountered within 
Tasmania, and similar industry collaborator advised problems in Victoria, NSW, ACT, North Queensland 
and the Northern Territory. This research has found significant knowledge and practice deficiencies 
within the design (draftsperson, building designer & architect), building surveyor, engineering, 
environmental health and construction trades professions in relation to climate based vapour pressure 
management within buildings. Additionally, the discussion highlights that at present there is no national 
regulation in Australian for vapour pressure management, condensation or mould in housing.   

2. Condensation and mould in new housing  
At a governmental level, condensation and mould in Australian housing has been discussed and 
reported on, but little has been published within the architectural science field. Figures 1 to 3 below, 
show three examples of problems in new houses, that were occupied for less than three months. Figure 
1 shows timber reveals around a window expanded due to excess moisture within a wall. Figure 2 shows 
mould growth on the inside surface of external walls, which is a common tell-tale that there may be a 
problem with moisture retention in external walls. Figure 3 shows excessive moisture and mould growth 
within a roof space. Whereas, the expanded window reveals and mould on walls will be very evident to 
house occupants, many owners of new homes rarely inspect roof spaces.  

Outside of the architectural and construction industries, the medical and human health field is very 
aware of the ‘wet buildings’ problem in Australia. Most states have a medical research group within 
immunology and allergy, that treats persons who are suffering from condensation and mould related 
conditions. Mould has been increasingly recognised as a threat to human health (The Institute of 

   

Figure 1: Expanded window 
trims. 

Figure 2: Mould on external 
walls. 

Figure 3: Condensation and 
mould in roof spaces. 



717 Recent increases in the occurrence of condensation and mould within new Tasmanian housing 

Medicine, 2004; Brandt et al., 2006; Kercsmar and et al, 2006; Bok et al., 2009; WHO, 2009; Mendell et 
al., 2011). The medical researchers are seeing human health impacts from occupants of warehouses, 
retail spaces, enclosed factory spaces, office spaces, schools and housing. Until 2016, the Australian NCC 
for residential buildings (ABCB, 2016), included a non-regulatory objective to:  

(a) safeguard occupants from illness or injury and protect the building from damage caused by— 
                           ……. (iii) the accumulation of internal moisture in a building; 

A similar phrase existed within the non-residential regulations. This non-regulatory, eight-word 
phrase, is the only mention of the matter within the entire NCC building regulation. Throughout both 
volumes of the NCC, there is extensive guidance on façade system design and the detailed construction 
of wet rooms to eliminate water entering the built fabric. There is some limited ‘comment’ that cooling 
systems and pipes may cause condensation. Otherwise, there is no guidance on the issues of surface 
condensation, interstitial condensation, mould growth and vapour pressure management within the 
design and construction of internal and external built fabric systems.  

3. Methodology 
In response to new home-owner concerns, the Director of Building Control, Tasmanian Department of 
Justice, initiated a study to explore the regular occurrence of condensation in new homes. The 
University of Tasmania was engaged to respond and assess home-owner concerns. The prevalence of 
the problem was manifest when the Building Control office and the University received many calls each 
day, and at the time of writing this paper, regular enquiries are still occurring. The telephone enquiries 
were and still are principally from new home-owners, builders, and building surveyors. This paper 
focuses on the three case study houses, however many other buildings were inspected..   

3.1. Case study houses 

The research task funding was established to enable the detailed built fabric assessment of new homes, 
where excessive occurrence of condensation and mould was observed. The task was to include subfloor, 
interior and roof space examples. Quite quickly, three case study houses were identified, namely: 

 Case Study 1 - Excessive subfloor moisture, excessive humidity levels within the home, wet and 
mouldy roof space, dripping soffit lining, dripping door and window heads.  

 Case Study 2 – Dripping down-lights, dripping window heads, sodden roof space 
 Case Study 3 – Condensation forming on floor, sodden and expanding internal trims and reveals, 

sodden wall batts and timber framing, dripping window heads, mould growth on carpet, skirting, 
walls and ceiling, sodden roof space.  

For each of these houses a detailed analysis of the built envelope and documentation was 
completed, namely: environmental measurement, zone pressurisation testing, a review of approved 
architectural documentation for construction and construction practises. After an initial analysis was 
completed, remediation actions were suggested.  

3.2. Environmental measurement 

Each of the houses presented significant challenges in understanding the built systems, and occupation, 
heating and ventilation patterns. To better understand the likely causes of interstitial condensation, an 
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environmental measurement array was installed in each of the case study houses. This was to gain a 
better understanding of the temperature and relative humidity values in different and at times adjoining 
zones. This data was used to analyse vapour pressure drivers and dew point temperatures. In each 
house data was collected from the interior and exterior environments. Generally, the interior 
environment (temperature and relative humidity) included the subfloor, living and roof space zones. The 
exterior data collection included site air temperature and relative humidity. Due to the remote location 
of the houses, traditional data logging systems were not suitable due to the need to retrieve data. 
Instead, a cloud-based data logging system using mobile data developed by Shinbone Networks was 
employed. The kit of sensors included temperature, relative humidity, current transducers and 
surveillance cameras. Sensor type and their locations are shown in Table 1. The positioning of sensors 
within each zone was carefully considered to ensure the data was suitable. Within each case study 
house, sensors were occasionally added and/or moved to gain additional data. A significant challenge 
for the research became the accurate measurement of relative humidity in very moist locations, even 
though the sensors 90%-95% RH capability. For locations where condensation occurred regularly, like 
the roof sarking, a proxy mid-roof humidity ratio was interpolated from the measured sarking 
temperature. The high levels of moisture led to occasional data logging outages within the full data set.   

Table 1: Environmental Measurement Profile. 

Zone Temperature Relative Humidity Surveillance Camera 
Sensor type Two wire PT100 RTD  Vaisala HMW40U TECHview 5MP outdoor 

camera with Passive-infra-red   
Mid subfloor zone  Yes Yes No 
Living/kitchen zone Yes Yes No 
Mid roof space zone  Yes Yes Yes – various locations 
Sarking interior surface   Yes No No 
Site Yes Yes  

3.3. Building pressurisation testing 

To gain a deeper understanding of airflow, infiltration and exfiltration within each case study house, 
building pressurisation testing was completed. This type of testing is commonly used to provide data on 
the air-tightness of the building or zone within the building. To understand the quality of the built fabric 
the entire building or zone was pressurised and depressurised. The zone pressurisation tests that were 
completed in each house are shown below in Table 2.  

Table 2: Environmental Measurement Profile. 

 Case study house 1 Case study house 2 Case study house 3 
Subfloor zone Yes No Not applicable 
House zone  Yes No Yes 
Roof space zone No Yes Yes 

3.4. Approved for construction architectural documentation 

In most of the houses that the research team visited, one of the first comments from the builder was 
‘we built it to the plans’. Approved architectural construction documentation was obtained from Builder 
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and Building Surveyor. The Building Regulator requires site plans, floor plans, external elevations and 
sections of the building to enable adequate information to construct the building. Often, an engineer 
provides additional drawings for footings, lintels, bracing and tie down. For this task, the drawings were 
examined within the context of notes, annotations and drawn information that documented 
consideration the NCC Vol 2 (ABCB, 2014b), which was in effect when the house plans were approved.  

4. Results 
This section focuses on the results of the environmental measurement, air pressurisation tests, 
approved architectural documentation and construction practises. The research team completed several 
site visits to each of the three case study houses. Some site visits were at the request of the home 
occupants, whilst others were due to data acquisition stoppages. Some stoppages were due to power 
failure, whilst others were due to equipment failure caused by the very wet environments.  

4.1. Temperature, relative humidity and moisture 

In this research the principle forms of data collected were temperature and relative humidity. Two 
forms of analysis were used, namely psychrometric charts and water activity graphs. By plotting the 
measured air temperature and relative humidity values, times when saturation temperature and 
condensation would likely occur were identified. Figure 4, below, shows the psychometric chart for the 
subfloor zone of case study house 1. The data in the graph is from three locations in the subfloor;  
Subfloor North Wall – Blue, Subfloor Middle – red, and Subfloor South Wall – green. The data in the 
chart shows that the air on the north side of the subfloor zone varies from saturation point to no 
condensation risk, which is likely resulting from the sun striking the external face of the clay brick 
subfloor wall. The data from the mid subfloor shows a closely clustered data set that is not warmed by 
the northern subfloor wall but remains below 80% relative humidity and does not pose any significant 
moisture threats. However, the data set for the southern edge of the subfloor zone shows a very large 
amount of data that is above 95% relative humidity and documents the regular occurrence of 
condensation. Subject to individual material properties, this may cause significant long-term damage.  
Figure 5, below, shows the measured data from case study house 2, plotted within a psychometric chart.  
The graphed data includes; Level 2 Living Room – orange/yellow, Site Conditions – green, Level 2 Mid 
Roof Space – red, Near Sarking Level 2 Roof Space – blue. Some key patterns are identifiable from this 
data like, the temperature within the level 2 living room is always considerably warmer than the site air 
temperature. The close grouping of air temperature data in the living room appears to result from the 
home-owner thermal comfort expectations and has been achieved by the continuous 24 hour use of a 
reverse-cycle air-conditioner. This has created a very significant and constant vapour pressure driver 
from the level 2 rooms to the external walls and roof space. The flow of vapour into the roof space is 
additionally supported by the number of holes in the ceiling fabric caused by the use of down lights, 
cavity sliding doors and the bathroom ventilator. It is clearly evident that the environmental condition 
on the interior surface of the roof system sarking is nearly always at saturation, causing the constant 
presence of significant condensation on the sarking material. Furthermore, this data is from before and 
after the installation of roof space ventilation. This indicates that the addition of roof space ventilation 
may not remediate the problem of excessive roof space moisture in all situations.  
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Figure 4: Case study house 1 subfloor 
psychometric chart. 

Figure 5: Case study house 2 psychometric. 

 
To better understand the occasional differences between psychometric activity and condensation 

differences that were observed, water activity calculations were completed. Water activity is a common 
method used to establish an environments’ potential for mould growth (Kowalski, 2005). Water activity 
is derived from air temperature, relative humidity and material sample temperature (interpolated). 
Figure 6, above, is a graph of water activity within the roof space zone of case study house 1. The upper 
most line is the calculation of roof space temperature and relative humidity that is cooled to the sarking 
surface air temperature. The middle and darkest line is the calculation from the roof space temperature 
and relative humidity that is cooled to the southern gable end wall surface air temperature. The lowest 
line is the temperature and relative humidity data from the living room. In this graph any data that goes 
above the value of 1.0 identifies when condensation occurs. This method of graphing the measured data 
further confirms the regular occurrence of condensation on the inside surface of the sarking system and 
on the inside surface of the roof space gable wall. Furthermore, any values above 0.7 provide potential 
climates for the growth of mould.  

4.2. Mould analysis 

Due to the presence of mould on many surfaces, mould samples were taken from subfloor, occupied 
and roof space zones of each house. The types of samples taken included scrapings from mould-affected 
materials and trays placed in rooms to allow for spores settle. In both scenarios the samples were 
delivered to the Infection and Molecular Diagnostics Research Group, UTAS for incubation and 
identification. A range of mould genera were identified including; penicillium, zygomycete, 

 

Figure 6: Graph of water activity in roof space. 
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cladosporium, and aspergillus. It should be noted that if built environment vapour pressure is managed 
adequately, the likelihood of condensation and subsequent mould growth may be eliminated. 

4.3. Building pressurisation  

Even though the NCC  includes requirements for improved building sealing, current regulations (ABCB, 
2014a; 2016) do not consider measured infiltration and exfiltration. The building pressurization testing 
was completed to establish uncontrolled airflow between high vapour pressure conditioned and low 
vapour pressure unconditioned (colder) rooms or zones. This activity brought to light common air 
leakage points within the built fabric.  

The subfloor pressurisation tests of case study house 1, revealed that building regulation compliant 
ventilation was occurring within the subfloor. This indicates that the regulation does not provide enough 
ventilation or the build-up of moisture was not resulting from inadequate subfloor ventilation. However, 
the test did establish significant leakage between the unconditioned and conditioned hall, laundry, and 
bedrooms and the unconditioned subfloor zone, which would lead to uncontrolled heat loss when the 
rooms are conditioned. Additionally, on warmer days, when the lower level rooms are cooler, vapour 
would be travelling from the high moisture content subfloor into the less used lower level rooms. In 
case study house 1, the unconditioned lower level rooms were directly connected, via a stair, to the 
upper level, and continuously heated living zone. The pressurisation tests for the conditioned living 
zones in all three case study houses presented significant points of leakage between conditioned and 
conditioned zones and the external environment, namely:  

 Electrical services like switches and general purpose outlets, and other service penetrations.  
 Poorly installed seals between window and door systems and the wall wrap system provided 

uncontrolled locations of infiltration and exfiltration.  
 Vented down-lights and bathroom ventilators, allowing for the free passage of high vapour 

pressure moisture laden between the often conditioned rooms and the roof space. 
 Internal cavity sliding doors, which were found to provide significant leakage between all rooms 

and the roof space zone.  

4.4. Approved for construction architectural documentation 

The Architectural documentation that was examined included site plans, floor plans, external elevations 
and construction sections. Generally, the architectural documentation for all three case study houses 
was found to be deficient in the context of NCC requirements for the control of moisture, namely:  

 Site and floor plans, external elevations and construction sections did not show site drainage.  
 Subfloor ventilation was often not described or specified. 
 Insulation values were listed but products and their relative thickness were not described or 

shown on drawings (i.e, R1.8 batt – but no one makes an R1.8 batt?).  
 Floor and wall sections often lacked adequate detail, which should document connections of 

framing, wrapping, cladding, insulation and lining elements. 
 The roof space information rarely illustrated or annotated any sarking system or when drawn, 

no annotation was included. When drawn, it was often not to the manufacturers specification. 
 Cathedral ceilings focussed on the thickness of the structural member, with no consideration of 

ceiling insulation thickness or ventilation requirements. 
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 Attic type roof spaces did not adequately illustrate to correct scale or annotate how the 
rafter/top plate connection would allow for the correct fitting of the ceiling insulation. 

 No houses inspected illustrated or annotated methods for roof space ventilation.  
 No documentation included climatic appropriate wall wrap systems.  
 Rarely were there any illustrations, annotations or notes on building sealing.     

In summary, much of the provided architectural documentation was extremely diagrammatic within 
the context of built fabric detailing and material specification for the subfloor, external walls, ceiling 
systems and roof structure. It appears that the insulation, thermal bridging, vapour pressure 
management and condensation mitigation would be addressed by the builder or home owner.   

4.5. Review of as-built construction practises 

The construction practises generally reflected the quality of architectural documentation. It is accepted 
that the builder is contracted to build as per the architectural documentation. Within this context, 
current architectural documentation practises are establishing long term built fabric problems for 
residential and non-residential buildings. The inspection of many new homes in their ‘as-built’ state 
highlighted a significant lack of understanding of the principles of thermal insulation, thermal bridging, 
building sealing and vapour pressure management, all of which play a significant role in the 
management of condensation risk and subsequent mould growth. 

In subfloor and roof space zones the installation of ventilation to remove excess moisture and 
vapour laden air varied significantly. Most roof spaces, (including cathedral style), had no ventilation. 
The quality of insulation installation between conditioned and unconditioned zones was often 
incomplete or not installed at all. In many cases the space for the insulation did not allow for effective 
lofting to achieve the specified thermal resistance. Similarly, in locations like the junction of the roof 
system and wall top plate, the compression of the insulation provided thermal bridging and moisture 
transport between the roof and walls. There is a common misconception that the roof space needs to 
be airtight, which appears, incorrectly, to stem from the NCC thermal performance and bushfire 
(Standards Australia, 2009) requirements. This practise is not allowing vapour or moisture to leave the 
roof space. This was often further compromised by the significant installation of insulation as a part of 
the roof system, rather than on the ceiling over conditioned rooms.  

 The quality of air sealing between conditioned and unconditioned zones and between conditioned 
zones and the external environment was often inadequate. This included the inconsistent installation of 
building wrap systems which was regularly punctured, compromising its air barrier, water barrier and 
vapour control layer functions. Most installations included a vapour impermeable system which is not 
suitable for temperate and cool temperate climates. Some products were referred to as breathable, 
which was normally a vapour impermeable system with regular holes. This type of product does not 
promote vapour transport and compromises the air barrier properties. Similarly, many items like vented 
downlights, vented fire-boxes and unsealed cavity sliding doors further compromised air barrier 
principles and provided locations of intense vapour transport, thermal bridging and condensation.  

The sarking system was often installed ‘tight’, which allowed for a significant surface area to be in 
direct contact and thermally bridged with the sheet metal roofing. This practise caused the sarking 
material to be much cooler, which promoted the occurrence of condensation on its inside surface. It 
should be noted that this method does not comply with some manufacturer specifications but is 
standard industry practise but not queried by most Architects? However, this same principle of thermal 
bridging applies to walls. Most of the external walls of buildings inspected, with the exception of brick 
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veneer, had direct fix cladding. In this scenario the wall wrap is cooled or heated by the cladding system. 
This promoted the regular occurrence of dew point temperature on the inside surface of the wall wrap.  

Many issues were identified and many more were seen on drawings or at site visits, which did not 
have a direct impact on vapour pressure or condensation but may provide ‘lesser-than-code’ buildings. 
Most of the construction issues mentioned above are the result of architectural documentation.  

5. Discussion 
The research revealed a seemingly common occurrence of surface condensation, interstitial 

condensation, mould growth and structural decay as singular or multiple problems within new buildings. 
In each case the discussion included, but was not limited to, home-owners, building designers, 
engineers, builders, manufacturers, building surveyors and state regulators. Furthermore, during this 
research, the team became aware of old houses with new additions, pre 2003 houses, post 2003 houses 
and houses less than six weeks old with significant condensation and mould growth. The differentiation 
of pre and post 2003, refers to the introduction of minimum thermal performance requirements within 
the Building Code of Australia (ABCB, 2003b). Additionally, personal communications with national 
product manufacturers and more recent research for the Australian Building Codes Board, has 
highlighted built fabric problems and condensation in all Australian States. Additionally, based on 
industry responses to a nationwide government survey, up to 40% of new buildings may have significant 
condensation and mould which is the result of architectural documentation and construction practises.   

Within the regulatory context, design and construction ‘checking’ often rests with the building 
surveyor. However, what should the Building Surveyor be looking for within the architectural 
documentation. At present, the NCC does not require any documentation which addresses vapour 
control and thermal bridging management to reduce the occurrence of dewpoint and subsequent 
moisture and mould growth. Additionally, many of the construction based items listed above fall outside 
the mandatory inspections provided by the building surveyor. Invariably, the building surveyor requests 
a statement from the builder, which purports that all construction is to the minimum requirements 
stipulated within the NCC and applicable Australian Standards. However, during this research task, very 
few builders admitted to having a copy of or referring to the current NCC, and no builders had copies of 
the relevant Australian Standards. It was also found that some building designers did not have a copy of 
the NCC or any Australian Standards. Considering the regular enhancements that occur within these 
documents, it gives the impression that we are dealing with quite a low base of professional practice.  

6. Conclusion 
This research found an extensive presence of moisture and mould in new buildings in Tasmania, and 

via industry collaboration Victoria, NSW, ACT, QLD and the NT. In addition to well-founded structural 
and durability concerns associated with wet building fabric, the context of human health cannot be 
ignored. At present there is no regulatory requirement to consider moisture mitigation, vapour pressure 
management or mould minimisation within new buildings in Australia. Additionally, there are abstract 
requirements for building air sealing but no quantification to prove compliance. This is in stark contrast 
to regulations in other nations (British Standards; Ministry of Business, 2014; International Code Council, 
2015; National Research Council, 2015). Without a minimum regulatory requirement, there are no 
demands placed on the architectural design and documentation process or the construction sector to 
provide moisture and mould free buildings. International experience has shown that built fabric 
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moisture mitigation and improvements to indoor air quality have only been achieved by regulation. The 
enhanced regulatory framework would also provide scope for the development and improvement of 
relevant Australian Standards and other technical documents that professions can use to design and 
construct condensation and mould free buildings in all Australian climates.  
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