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Abstract: International experience has shown that the duo of better insulated and more air-tight envelopes has 
often demonstrated an increased potential of moisture accumulation, interstitial condensation, and mould 
growth within the building envelope. Recent Australian research has documented high levels of indoor relative 
humidity and moisture accumulation in external walls. It is accepted that the materials that comprise the external 
envelope play a pivotal role in managing moisture accumulation and household generated water vapour 
diffusion. Internationally, to inform external envelope design, long-term transient hygrothermal analysis tools 
are used to simulate the water vapour diffusion and moisture accumulation process. To complete the 
hygrothermal analysis, the water vapour resistance properties of each envelope component must be known. At 
this stage, the vapour resistivity properties of most Australian construction materials are unknown. In this 
research, the vapour resistivity properties for some selected pliable membrane materials has been tested using 
variable relative humidity and variable temperature conditioned room. This novel method has been developed 
in response to international concern that the current vapour resistivity testing method may be inadequate, due 
to the variable conditions that exist within new buildings. This paper reports on the results from tests completed 
at 23oC and relative humidity values of 35% and 50% 

Keywords: Interstitial condensation; Mould growth; Hygrothermal analysis; Vapour resistivity; Pliable 
membrane 

1. Introduction
For more than three decades, the enhancement of well-insulated and airtight building envelopes has been driven 
by the primary aim of reducing heating and cooling energy consumption in buildings (Mark Bomberg, Furtak, & 
Yarbrough, 2017; Hall, Casey, Loveday, & Gillott, 2013; Hong, Kim, Lee, Eom, & Choi, 2017; Ma, Li, Shao, & Jiang, 
2013). However, internationally and within Australia, these same well insulated, airtight and energy efficient 
buildings have been identified as having a significant potential for trapping water vapour and accumulating 
moisture (Dewsbury & Law, 2017; Kaynakli, Bademlioglu, & Ufat, 2018; H. Künzel, 2005). Acknowledging this 
issue, significant building physics research investigating water vapour transport/diffusion, hygrothermal analysis 
and moisture accumulation properties of building construction materials and building construction systems is 
well developed in some other nations (Mark Bomberg et al., 2017; Galbraith, Kelly, & McLean, 2003; Hagentoft 
et al., 2004; H. Künzel, 2005; Libralato, Saro, De Angelis, & Spinazzè, 2019; Moon, Ryu, & Kim, 2014). As this field 
of science has developed, many nations have included clauses within national building regulations, standards 
and industry developed guidelines, which expect new homes to demonstrate passive capability to manage water 
vapour diffusion and the capability for individual elements to become wet and dry without material affecting 
moisture accumulation or mould growth. As nations develop this regulatory framework, minimum water vapour 
diffusion and condensation risk mitigation compliance is often informed by the use of empirically validated 
hygrothermal simulation software (Aynsley, 2012; Dean et al., 2011; Hall et al., 2013; H. Künzel, 2005; 
Marincionia & Altamirano-Medina, 2017). 

Since 2003, the Australian national building regulations have been regularly enhanced, with the aim to reduce 
greenhouse gas emissions that maybe caused from energy used for household heating and cooling, hot water, 
and electric lighting. More recent Australia national policy is exploring the advancement towards zero energy 
new homes in the next decade. Initially, specified thermal insulation requirements for the external envelope 
were the focus of the regulations (ABCB, 2007). Since 2010, aspects of building sealing and airtightness have also 
been added (ABCB, 2010), with a goal in 2022 for quantitative air-tightness measurement. The duo of well 
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insulated facades and building airtightness has often demonstrated an increased potential of interstitial 
condensation, moisture accumulation and mould growth within the construction materials of the external 
envelope. The powerful forces of water vapour diffusion are caused by to the varying vapour pressure gradients 
that exist within the interior and exterior of the building envelope (H. Künzel, 2005; Lacasse & Morelli, 2017; 
Marincionia & Altamirano-Medina, 2017). More recently, Australian research has documented high levels of 
indoor relative humidity and moisture accumulation in external walls (M. Dewsbury, T. Law, et al., 2016; Nath & 
Dewsbury, 2019). 

Whilst hygrothermal simulation and assessment has been evolving for several decades in many other 
developed nations, in Australia, this field of research is still in its infancy (Olaoye & Dewsbury, 2019). This may 
be due to fact that there were no building regulations requiring façade, floor, and roof insulation until 2003, and 
no building regulations regarding condensation risk management until 2019. The new condensation risk 
management regulations were in response to significant market-based concerns about the visible presence of 
condensation and mould in new buildings (Olaoye & Dewsbury, 2019). This knowledge gap and its long-term 
impact on building durability and human health is now a critical aspect of Australian regulatory development. 
Finally, early adopters of hygrothermal simulation in Australia, are merely deploying knowledge without 
appropriate empirical evaluation or understanding of its applicability to Australia envelope systems and the 
physical properties of Australian construction materials. 

After consultations with relevant construction industry, product manufacturer and state and federal 
government agency stakeholders, it was recommended that capability and capacity must be developed prior to 
the broad deployment of hygrothermal simulation in Australia (M. Dewsbury, T. Law, et al., 2016). In 2016, the 
Commonwealth Scientific Industrial Research Organisation (CSIRO), identified hygrothermal research within its 
work plan for the Australian Nationwide House Energy Rating Scheme (Administrator). For hygrothermal 
simulation to occur, the hygrothermal properties, including water vapour diffusion properties of construction 
materials must be known. Preliminary research in 2016 (ABCB, 2016; Aynsley, 2012; M. Dewsbury, T. Law, et al., 
2016) identified the need to establish water vapour resistivity and other physical hygrothermal properties for 
Australian construction materials. Internationally, water vapour resistivity properties of materials are obtained 
through empirical measurements from laboratory testing. 

The testing method for this research included the use of a hygrothermally controlled test room. The 
establishment of the hygrothermal testing room is comprehensively discussed in Olaoye and Dewsbury (2019). 
The operation of this test room required the capability to independently, and precisely, control the internal 
temperature and internal relative humidity conditions. A key aspect of hygrothermal design that has been 
identified by the University of Tasmania hygrothermal research team, is the variability of temperature and 
relative humidity inside Australian residential buildings. These observations have been made since 2014 by the 
University of Tasmania, CSIRO, and independent building consultants (Nath & Dewsbury, 2019). To better 
understand how these conditions may impact the vapour diffusion properties of pliable membranes, the test 
room was operated in a manner which reflected the observed interior conditions within Australian buildings. 
Reflecting these needs, this hygrothermal test room has been designed to deliver an interior Relative Humidity 
between 35% and 85% with ± 2.5% deviation, and an interior temperature between 13℃ and 33℃, with ± 1.5 ℃ 
deviations (Olaoye & Dewsbury, 2019) 

The most accepted laboratory test method is the gravimetric measurement of water vapour diffusion into or 
out of a test dish assembly, often referred to as the wet-cup or dry-cup method. The material being tested is 
applied to the top surface of the test dish. Depending on whether it is a wet cup or dry cup test, salt solutions, 
distilled water or desiccant are used to establish a predetermined relative humidity within the test dish (ASTM, 
2010; Borjesson, 2013; Couturier & Boucher, 2011; International Standard Organization, 2012; Olaoye & 
Dewsbury, 2019). The dishes are either placed in a temperature and humidity controlled cabinet or a 
temperature and humidity controlled room (H. Künzel, 2005; Olaoye & Dewsbury, 2019). The humidity outside 
the cup is controlled such that a desired relative humidity condition outside of the cup assembly is achieved 
(Couturier & Boucher, 2011; Galbraith et al., 2003). Regular measurements are taken until the mass of the test 
dish remains unchanged. 

In Australia, early research has identified that pliable membranes are likely to play a pivotal role in managing 
water vapour diffusion and mitigating moisture accumulation and mould growth (M. Dewsbury, T. Law, et al., 
2016). The critical role that pliable membranes provide in external envelopes constructed from an insulated 
structural frame has also been identified in other developed nations (H. Künzel, 2005; Lstiburek & Eng, 2004; 
Mukhopadhyaya et al., 2007). Pliable membranes are regularly used in Australian buildings. They provide an 
additional water control layer under roofing materials and are applied to the outside surface of steel and timber 
framed walls to assist façade thermal, water and air control. In Australia’s temperate climates, when a pliable 
membrane is applied to the external surface of an insulated steel or timber structural framed wall it needs to 
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allow for the controlled dynamic diffusion of water vapour from its warm side to its cool side. Generally, this 
would be from the interior to the exterior. Similarly, in warm and humid Australian climates, when a pliable 
membrane is applied to the external surface of an insulated steel or timber framed wall, it also needs to allow 
for the controlled dynamic diffusion of water vapour, but this is generally from the exterior to the interior. This 
demonstrates that a pliable membrane, applied to the façade of a building needs to perform many simultaneous 
functions, (H. Künzel, 2005; H. M. Künzel & Zirkelbach, 2013; Lstiburek & Eng, 2004; Mukhopadhyaya et al., 2007), 
namely: 

• Air Control layer,
• Thermal Control layer, (as some products have a published thermal resistance property), 
• Water Control layer, 
• Fire Control layer (in multistory construction), and 
• Vapour Control layer. 

Therefore, it is essential to understand the statutory function of a pliable membrane before it is selected for 
use in a façade system. For a pliable membrane to provide a climatically appropriate Vapour Control Layer, it 
must have climatically appropriate rates of water vapour diffusion. Table 1 below shows some generic 
classifications of building material water vapour diffusion characteristics. These classifications are non-specific 
and not specific enough to provide appropriate inputs for contemporary hygrothermal calculations. The 2015 
review of the Australian Standard for Pliable Membranes (AS4200) identified the need for the detailed inclusion 
of water vapour resistivity/permeance properties for all pliable membranes (M. Dewsbury, T. Law, et al., 2016). 
This would require all pliable membrane manufacturers to prove the vapour resistivity properties of their 
products and for products to include appropriate labelling. As the final updated version of the vapour diffusion 
requirement did not require manufacturers to specifically declare the vapour diffusion value, many 
manufacturers only applied the general classification on labelling. A preliminary market survey, that was 
conducted as a part of this research revealed that some products had no vapour diffusion information on 
packaging, whilst others had material property data sheets which only indicated the general AS4200 2017 
classification of their product (AS/NZS, 2017). The lack of appropriate pliable membrane vapour diffusion 
properties creates a distinct challenge for researchers and design professionals who may want to undertake 
energetic hygrothermal simulations to inform building envelope/facade design (Olaoye & Dewsbury, 2018). 

Table 1: Construction material general vapour classification 

Vapour 
Impermeable 

Vapour 
semi-impermeable 

Vapour 
semi-permeable 

Vapour permeable 

Polyethylene Oil based paints Wood Unpainted paper-faced 
plasterboard 

Vinyl Some vinyl wall 
coverings 

Plywood Unpainted plaster 

Glass Extruded polystyrene Expanded 
polystyrene 

Bulk insulation (rock wool, 
glass wool and polyester) 

Sheet metal Paper faced 
bulk insulation 

Most plastic paints Cellulose insulation, timber 
Clay bricks and Concrete 
blocks 

Since 2019, condensation mitigation regulation has been included in the National Construction Code (NCC). 
The NCC refers to AS/NZ 4200:1 - Pliable Membranes. To establish water vapour diffusion properties, AS4200.1 
refers to the wet-cup test method as described within ASTM E96M. Additionally, the Australian Standard does 
not adequately recognise or describe the hygrothermal function of pliable membrane and how it should be 
considered as a critical component in the envelope/facade construction process. This lack of adequate guidance 
or requirement is the likely reason why adequate water vapour resistivity properties are not included in the 
material datasheet by the manufacturers. 

Another possible shortcoming of the Australian Standard is the reference to the North American Testing 
Method, ASTM E96. This wet cup method has been critiqued internationally, due to its singular focus on a single 
environmental condition, namely; 23°C and 50%RH (ASTM, 2010). This research and others has identified that 
the standard vapour resistivity testing method, where a single relative humidity of 50% and temperature of 23°C 
is adopted, may be inadequate due to the variable conditions that exist within new homes (ASTM, 2010; M. 
Bomberg, 1989; Couturier & Boucher, 2011; Olaoye & Dewsbury, 2018). During any given season, the 
temperature and relative humidity conditions inside Australian homes varies somewhat the exterior conditions. 
The amount of insulation and approaches to airtightness create significant differences in vapour pressure 



164 

  Toba Samuel Olaoye, Mark Dewsbury, Hartwig Kunzel, Gregory Nolan 

through the external envelope (façade). In many major Australian population centres, dew point may often be 
occurring at different locations within the envelope and be contributing to moisture accumulation. In addition, 
research has also shown that the temperature and humidity gradient in conditioned European and North 
American building interiors contrast significantly to what has been observed in Australia’s intermittently 
conditioned, energy efficient buildings (Mark Bomberg et al., 2017; Mark Bomberg & Pazera, 2010; Dewsbury, 
Law, & Henderson, 2016; H. Künzel, 2005; S. Nath, M. Dewsbury, & K. Orr, 2018). This background has informed 
need to develop an innovative testing methodology for materials which may be used in envelope/façade design. 

As Australia is now considering what is the most appropriate method to test the vapour diffusion properties 
of all construction materials, a key component of this research is to test that validity of the above claim. That is, 
do construction materials display different vapour diffusion properties when subjected to different 
environmental conditions. If it is proven that construction materials do display different water vapour diffusion 
properties under different temperature and relative humidity conditions, the ASTM that is currently referenced 
is inadequate. This situation will require the development and specification of a new variable temperature and 
variable relative humidity test method. The new testing method may also establish whether the water vapour 
resistivity properties of construction materials are temperature dependent, humidity dependent or temperature 
and humidity dependent. 

Considering that pliable membranes may play a pivotal role in the management of water vapour diffusion in 
new Australian residential and non-residential buildings, establishing their static or dynamic water vapour 
diffusion properties is essential. In 2019, this research reported on the development of an environmental test 
room (Olaoye & Dewsbury, 2019). This was commissioned in early 2020. Since commissioning, select pliable 
membrane materials have been tested under varying relative humidity and temperature conditions. The next 
section describes the empirical testing and vapour diffusion calculation methodology. 

2. Methodology
This section describes the methodology for this research. Due to the limitations of the current international 

test method, the method adopted in this research included varying the relative humidity and temperature within 
the test room. This variable environment was established to determine if varying hygrothermal load has any 
influence on the water vapour resistivity properties of the tested pliable membranes. This paper reports on the 
water diffusion results from tested pliable membranes, when the test room has been continuously operated at 
23°C, but the Relative Humidity has been operated at 35%, and 50%. 

2.1 Test room operation 

As mentioned above, the vapour diffusion testing method adopted in this research utilised a hygrothermally 
controlled test room. The procedure for this experiment generally followed the international guidelines for 
quantifying the water vapour diffusion properties of construction materials (ASTM, 2010; ISO, 2016). The 
standard test method required the test room to be maintained with a temperature of 23℃ (±5℃) and a relative 
humidity of 50% (±-5%), for both the dry-cup and wet-cup methods. However, as mentioned above, in this 
research, the test room was to be operated at 23°C and at relative humidity values is 35% and 50%. 

For the first material diffusion test, the room was operated at a fixed condition of 23°C and 35% RH. For the 
second material diffusion test, the test room was then operated at 23°C and 50% RH. Later tests have included 
higher relative humidity conditions and different temperature conditions. The results from these later 
experiments will be included in future publications. 

2.2 Wet-cup and dry-cup test dishes 

To measure water vapour diffusion, there must be a different relative humidity condition created between 
the inside surface and outside surface of the material being tested. Due to the room conditioning, the 
temperature will be constant on both sides of the material being tested. In this research, both wet-cup and dry- 
cup methods were used. The dishes were 60mm deep and had a diameter of 200mm, as shown in Figure 1, below. 
To achieve the desired wet-cup humidity testing condition within wet-cup dishes, ammonium dihydrogen 
phosphate solution was placed in the dish, as shown below in Figure 2. This achieved a dish relative humidity of 
93%. To achieve the desired testing humidity condition within the dry-cup test dishes, a silica gel bead was used, 
as shown below in Figure 3. This achieved a dish relative humidity of 3%. The chemicals are gently poured into 
the dishes ensuring a 20mm air space is maintained between the top surface of the chemical and the bottom 
surface of the test specimen. 

The research project has included the testing of several pliable membranes; however, only two products are 
discussed in this paper. The two products selected met the AS4200.1 requirement for a Class 3 and a Class 4 
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pliable membrane. For each vapour diffusion test, ten specimens were prepared for testing: five for the dry-cup 
test method, and five for the wet-cup test method. The pliable membrane was then glued to the top edge of the 
dish. To ensure there is no opportunity for air leakage between the dish and the pliable membrane, the junction 
between the materials was then taped and sealed with paraffin wax, as shown in Figure 4 below. The dishes were 
then placed on shelving within the test room, as shown in Figure 6. Regular measurements to the dish mass in 
grams were taken until equilibrium was achieved, as shown in Figure 5. 

 

 
Figure 1: Round glass dish Figure 2: Glass dishes for dry -cup test Figure 3: Glass dishes for wet-cup test 

 

 
Figure 4: Application of wax seal Figure 5: weighing of test dish Figure 6: Rack of dishes in Test Room 

 

2.3 Water vapour diffusion calculation 

To establish water vapour diffusion properties, several values need to be calculated based on the measured 
change in mass form the test dishes. These include the water vapour flow rate, the water vapour permeance, 
water vapour resistivity and the water vapour resistance factor. Each of these equations are described below. 

Equation 1: Water vapour resistivity g(ISO, 2016) 

g = G/A in kg/ (s.m2), 

A is the arithmetic mean of the exposed area of the test specimen in m2 
G is the regression line between the mass change rate over the time interval. 

Equation 2: Water vapour permeance (W)(ISO, 2016) 

W= g/ ∆pv in kg/ (s.m2. Pa), where 
- ∆pv is the is the difference in the partial vapour pressure, 
- Psat, of each side of the test specimen (Psat = φ · 610.5 · e 17.269·θ /237.3+θ), 
- thus ∆pv= Psat wet side - Psat dry side, where θ is the temperature and φ is the relative humidity RH. 

Equation 3: Water vapour resistance Z (ISO, 2016) 

Z = 1/W in (s.m2. Pa)/kg. 

Equation 4: Water vapour permeability δ(ISO, 2016) 

δ = W*d in kg/(s.m.Pa), 
where d is the mean thickness of the test specimen measured with a micrometre screw gauge. 

Equation 5: Water vapour resistance factor (µ)(ISO, 2016) 

µ = δa/ δ, 
where δa is the water vapour permeability of air around the laboratory site. 
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The water vapour permeability of air at 23oc is extrapolated from the figure below, as indicated in ISO 12572 
once the mean barometric pressure of the site over the period of the measurement has been obtained. 
However, the water vapour diffusion-equivalent air layer thickness denoted by Sd is calculated as µ*d. 
X Barometric pressure in hPa · 
Y Water vapour permeability 10 -10 kg/ (m. s. Pa) 

 

 
Figure 7: Water vapour permeability of air as a function of barometric pressure at 23 °c: (ISO, 2016) 

3 Results and discussion 
This section discusses the result from the climatic control of the hygrothermal test room, observation from the 
test dishes measurement, result of the water vapour resistance factor and the air layer thickness from the two 
experiment. 

 
3.1 Climatic control of the test room 

The test room was appropriately monitored before measurement of mass of the dishes’ assembly began, 
however, it was found that the room would take up to four days to initially reach the desired temperature and 
relative humidity. It was also found that it would take an additional forty-eight hours for the room to remain 
stable at the desired temperature and humidity. Dishes were only placed in the room once stability was achieved. 

Test method 1, which required the room the be kept at 23°C, with a Relative Humidity of 35%, took seven 
days for the test dishes to reach equilibrium. Figure 8 below shows a box plot of the temperature and Figure 9 
below shows a box plot of the relative humidity conditions from this test. In the test room there were nine 
temperature sensors. The blue box plot shows the observations from three temperature sensors located 
1800mm above the floor, whilst the orange box plot, grey box plot and yellow box plot show the 1200mm, globe 
temperature (mean radiant) and 600mm above floor level respectively. Figure 8 shows that aside from occasional 
outliers, the temperature in the room was maintained between 22.1°C and 23.0°C. In the test room, there were 
three relative humidity sensors located at mid room height (1200mm). Figure 9 shows that aside from occasional 
outliers, the relative humidity was maintained between 35.0% and 36.9%. 

Test method 2, which required the room the be kept at 23°C, with a Relative Humidity of 50%, took 14 days 
for the test dishes to reach equilibrium. Figure 10 below shows a box plot of the temperature and Figure 11 
below shows a box plot of the relative humidity conditions from this test. In the test room there were nine 
temperature sensors. The blue box plot shows the observations from three temperature sensors located 
1800mm above the floor, whilst the orange box plot, grey box plot and yellow box plot show the 1200mm, globe 
temperature (mean radiant) and 600mm above floor level respectively. 

 

 
Figure 8: Box and whisker plot of temperature 

observations during test 1 
Figure 9: Box and whisker plot of relative 

humidity observations during test 1 

Figure 10 shows that aside from occasional outliers, the temperature in the room was maintained between 
23.2°C and 22.6°C. In the test room, there were three relative humidity sensors located at mid room height 
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(1200mm). Figure 11 shows that aside from occasional outliers, the relative humidity was maintained between 
49.8.% and 50.8% as the average humidity was 50.4%. 

Figure 10: Box and whisker plot of temperature 
observations during test 2. 

Figure 11: Box and whisker plot of relative humidity 
observations during test 2 

The international test methods also suggest that the barometric pressure at testing laboratory should be 
measured daily. In this research, the barometric pressure was obtained from the Bureau of Meteorology 
observations at the Low Head weather station. Low head is approximately 40km from Launceston and was 
selected due to its closeness to mean sea level, which closely corresponds to the height of the test building. 

3.2 Result of the water vapour diffusion properties 

The gravimetric measurement of change in mass over a particular period commenced as soon as the dishes were 
placed in the test room. Initially, weighing was completed at two hourly intervals. This was to establish if the dish 
gained or lost weight, (depending on the dry-cup or wet-cup chemical substrate). As samples from these two 
pliable membranes were tested, the result show that each has variable vapour resistant properties with varying 
relative humidity, and each took a different amount of time to reach equilibrium. Table 2 shows the minimum 
and the maximum time for each tested material to reach equilibrium, while Table 3 and 4 shows the measured 
water vapour properties of specimen A at 35%RH and 50%RH respectively. The water vapour properties of 
specimen B at 35%RH and 50%RH are tabulated in Table 5 and 6, respectively. The summary of these results in 
table 7 indicates the average water vapour resistance factors and the diffusion-equivalent air layer for Test 1 at 
35 %RH and Test 2 at 50% RH, respectively. Figure 12 below, shows the variability of the water vapour resistance 
factor of Pliable Membrane 1, between Test A (35% RH) and Test B (50% RH). Figure 13 shows the variability of 
the diffusion equivalent air layer of Pliable Membrane 1, between Test A (35% RH) and Test B (50% RH). Figure 
14 below, shows the variability of the water vapour resistance factor of Pliable Membrane 2, between Test A 
(35% RH) and Test B 50% RH). Figure 15 shows the variability of the diffusion equivalent air layer of Pliable 
Membrane 1, between Test A (35% RH) and Test B 50% RH). Each of these shows mild to significant difference in 
water vapour diffusion properties, subject to the relative humidity condition in the room. 

Table 2: Testing period for the measurement 

Test Specimen Shortest time until equilibrium achieved Longest time until equilibrium achieved 
Pliable membrane 1 Sample A – 2 days 7 days 
Pliable membrane 2 Sample B – 5 days 15 days 

Table 3: Measured water vapour properties of specimen A @ 35%RH 
Specimen test Mean thickness Mass change rate Area Water vapour flux Water vapour permeance Water vapour resistance Water vapour permeability ater vapour resistance Diffusion-equivalent 
@23°C 35%RH d( m) /time (G in kg/s) m^2 g = G/A in kg/(s*m^2) W = g/dp in kg/(s*m^2*Pa) Z = 1/W in (s*m^2*Pa)/kg δ = W*d in kg/(s*m*Pa) factor µ air layer thickness Sd 

A-Dry test 1 8.18E-04 4.76E-08 2.75E-02 1.73E-06 1.92E-09 5.20E+08 1.57E-12 9.96E+01 8.15E-02 
A-Dry test 2 8.32E-04 5.30E-08 2.69E-02 1.97E-06 2.19E-09 4.58E+08 1.82E-12 8.32E+01 6.92E-02 
A-Dry test 3 8.06E-04 5.38E-08 2.69E-02 2.00E-06 2.20E-09 4.50E+08 1.79E-12 8.44E+01 6.80E-02 
A-Dry test 4 8.13E-04 5.16E-08 2.69E-02 1.92E-06 2.13E-09 4.70E+08 1.73E-12 8.80E+01 7.16E-02 
A-Dry test 5 8.04E-04 5.10E-08 2.66E-02 1.92E-06 2.13E-09 4.70E+08 1.71E-12 8.92E+01 7.17E-02 
Mean 8.15E-04 5.14E-08 2.70E-02 1.91E-06 2.11E-09 4.74E+08 1.72E-12 88.8834 7.24E-02 
SD 6.47599319 0.005326789 

A-Wet test 6 8.25E-04 7.52E-08 2.69E-02 2.80E-06 1.72E-09 5.82E+08 1.42E-12 1.14E+02 9.39E-02 
A-Wet test 7 8.25E-04 1.02E-07 2.66E-02 3.84E-06 2.36E-09 4.24E+08 1.95E-12 7.65E+01 6.31E-02 
A-Wet test 8 8.04E-04 8.97E-08 2.63E-02 3.41E-06 2.10E-09 4.77E+08 1.68E-12 9.18E+01 7.35E-02 
A-Wet test 9 8.24E-04 9.84E-08 2.75E-02 3.58E-06 2.20E-09 4.54E+08 1.82E-12 8.36E+01 6.89E-02 
A-Wet test 10 8.01E-04 8.16E-08 2.83E-02 2.88E-06 1.77E-09 5.65E+08 1.42E-12 1.13E+02 9.06E-02 
Mean 8.16E-04 8.94E-08 2.71E-02 3.30E-06 2.03E-09 5.00E+08 1.66E-12 9.58E+01 7.80E-02 
SD 1.22E-05 1.12E-08 8.04E-04 4.50E-07 2.77E-10 6.95E+07 2.36E-13 1.71E+01 1.36E-02 
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Table 4: Measured water vapour properties of specimen A @ 50%RH 
Specimen test Mean thickness Mass change rate Area Water vapour flux Water vapour permeance Water vapour resistance Water vapour permeabili Water vapour resistan Diffusion-equivalen 
@23°C 50%RH d( m) /time (G in kg/s) m^2 g = G/A in kg/(s*m^2) W = g/dp in kg/(s*m^2*Pa) Z = 1/W in (s*m^2*Pa)/kg δ = W*d in kg/(s*m*Pa) factor µ air layer thickness Sd 
A-Dry test 1 8.04E-04 5.71E-08 2.78E-02 2.06E-06 1.56E-09 6.42E+08 1.25E-12 1.28E+02 1.03E-01 
A-Dry test 2 8.19E-04 8.47E-08 2.75E-02 3.08E-06 2.33E-09 4.28E+08 1.91E-12 7.60E+01 6.23E-02 
A-Dry test 3 7.94E-04 8.06E-08 2.66E-02 3.03E-06 2.30E-09 4.35E+08 1.82E-12 8.01E+01 6.36E-02 
A-Dry test 4 7.84E-04 1.03E-07 2.60E-02 3.98E-06 3.01E-09 3.32E+08 2.36E-12 5.58E+01 4.37E-02 
A-Dry test 5 8.08E-04 5.23E-08 2.75E-02 1.90E-06 1.44E-09 6.93E+08 1.17E-12 1.40E+02 1.13E-01 
Mean 8.02E-04 7.56E-08 2.71E-02 2.81E-06 2.13E-09 5.06E+08 1.70E-12 9.60E+01 7.72E-02 
SD 

A-Wet test 6 8.36E-04 7.39E-08 2.78E-02 2.26E-06 2.20E-09 4.54E+08 1.84E-12 8.53E+01 6.80E-02 
A-Wet test 7 8.24E-04 9.17E-08 2.75E-02 3.34E-06 2.76E-09 3.62E+08 2.76E-12 6.10E+01 5.03E-02 
A-Wet test 8 8.08E-04 9.97E-08 2.78E-02 3.59E-06 2.98E-09 3.36E+08 2.40E-12 5.60E+01 4.52E-02 
A-Wet test 9 8.04E-04 9.86E-08 2.78E-02 3.55E-06 2.94E-09 3.40E+08 2.37E-12 5.72E+01 4.59E-02 
A-Wet test 10 8.05E-04 9.33E-08 2.75E-02 3.40E-06 2.81E-09 3.55E+08 2.27E-12 6.08E+01 4.90E-02 
Mean 8.15E-04 9.14E-08 2.76E-02 3.23E-06 2.74E-09 3.69E+08 2.33E-12 6.41E+01 5.17E-02 

Table 5: Measured water vapour properties for specimen B @ 35%RH 
Specimen test Mean thicknes Mass change rate Area Water vapour flux Water vapour permeance Water vapour resistance Water vapour permeabilit Water vapour resistanc Diffusion-equivalen 
@23°C 35%RH d( m) /time (G in kg/s) m^2 g = G/A in kg/(s*m^2) W = g/dp in kg/(s*m^2*Pa  Z = 1/W in (s*m^2*Pa)/kg δ = W*d in kg/(s*m*Pa) factor µ air layer thickness Sd 
B-Dry test 1 4.49E-04 2.03E-08 2.75E-02 7.38E-07 8.19E-10 1.22E+09 3.68E-13 4.88E+02 2.19E-01 
B-Dry test 2 4.49E-04 1.99E-08 2.75E-02 7.23E-07 8.03E-10 1.25E+09 3.60E-13 4.99E+02 2.24E-01 
B-Dry test 3 4.79E-04 2.14E-08 2.69E-02 7.95E-07 8.82E-10 1.13E+09 4.23E-13 4.22E+02 2.02E-01 
B-Dry test 4 4.57E-04 2.56E-08 2.63E-02 9.75E-07 1.08E-09 9.24E+08 4.94E-13 3.53E+02 1.61E-01 
B-Dry test 5 4.76E-04 1.73E-08 2.63E-02 6.55E-07 7.26E-10 1.38E+09 3.46E-13 5.25E+02 2.50E-01 
Mean 4.62E-04 2.09E-08 2.69E-02 7.77E-07 8.62E-10 1.18E+09 3.98E-13 4.57E+02 2.11E-01 
SD 

B-Wet test 6 4.12E-04 3.00E-08 2.63E-02 1.14E-06 7.03E-10 1.42E+09 2.89E-13 6.11E+02 2.52E-01 
B-Wet test 7 4.72E-04 3.00E-08 2.57E-02 1.17E-06 7.18E-10 1.39E+09 3.39E-13 5.21E+02 2.46E-01 
B-Wet test 8 4.87E-04 3.43E-08 2.63E-02 1.30E-06 8.02E-10 1.25E+09 3.91E-13 4.48E+02 2.18E-01 
B-Wet test 9 4.68E-04 3.61E-08 2.80E-02 1.29E-06 7.92E-10 1.26E+09 3.71E-13 4.73E+02 2.21E-01 
B-Wet test 10 4.65E-04 4.14E-08 2.75E-02 1.50E-06 9.25E-10 1.08E+09 4.30E-13 4.01E+02 1.86E-01 
Mean 4.61E-04 3.44E-08 2.68E-02 1.28E-06 7.88E-10 1.28E+09 3.64E-13 4.91E+02 2.25E-01 

Table 6: Measured water vapour properties for specimen B @ 50% RH 

Table 7: Summary of the water vapour resistivity properties of tested materials 

Specimen 
test 

Water vapour 
resistance factor 
(µ) at 35%RH 

Water vapour 
resistance factor 
(µ) at 50%RH 

Diffusion-equivalent 
air layer thickness Sd 
(m) at 35%

Diffusion-equivalent 
air layer thickness 
Sd (m) at 50% 

A-Dry test 88.88 96.01 0.0724 0.0772 
A-wet test 95.80 64.06 0.0780 0.0517 
B-Dry test 457.48 599.00 0.2113 0.2842 
B-Wet test 490.83 365.9 0.2248 0.1744 

Figure 12: Graph showing variation in the vapour 
resistance factor µ for specimen A 

Figure 13: Graph showing variation in the diffusion- 
equivalent air layer thickness Sd (m) for specimen A 

Furthermore, Figures 12 and 14 indicate a dynamic behaviour, as these pliable membranes diffused water 
vapour in different manner for the wet-cup test, as opposed to the dry-cup test. Similarly, Figures 13 and 15, 
indicate a dynamic relationship in the air thickness layer. Between the 35% RH test and the 50% RH test the dry- 
cup vapour resistance values increase. Whereas, between the 35% RH test and the 50%RH test the wet-cup 
vapour resistivity values decrease. This inverse pattern requires further investigation. 

Specimen test Mean thicknes Mass change rate Area Water vapour flux Water vapour permeance Water vapour resistance Water vapour permeabilit Water vapour resistanc Diffusion-equivalen 
@23°C 50%RH d( m) /time (G in kg/s) m^2 g = G/A in kg/(s*m^2) W = g/dp in kg/(s*m^2*Pa  Z = 1/W in (s*m^2*Pa)/kg δ = W*d in kg/(s*m*Pa) factor µ air layer thickness Sd 
B-Dry test 1 4.73E-04 2.17E-08 2.75E-02 7.90E-07 6.00E-10 1.67E+09 2.84E-13 6.34E+02 3.00E-01 
B-Dry test 2 4.67E-04 2.02E-08 2.75E-02 7.35E-07 5.57E-10 1.79E+09 2.60E-13 6.95E+02 3.25E-01 
B-Dry test 3 4.70E-04 2.39E-08 2.78E-02 8.61E-07 6.52E-10 1.53E+09 3.07E-13 5.84E+02 2.74E-01 
B-Dry test 4 4.85E-04 2.62E-08 2.78E-02 9.43E-07 7.15E-10 1.40E+09 3.47E-13 5.13E+02 2.48E-01 
B-Dry test 5 4.78E-04 2.39E-08 2.78E-02 8.63E-07 6.54E-10 1.53E+09 3.13E-13 5.72E+02 2.74E-01 
Mean 4.75E-04 2.32E-08 2.76E-02 8.39E-07 6.36E-10 1.58E+09 3.02E-13 6.00E+02 2.84E-01 

B-Wet test 6 4.81E-04 3.35E-08 2.77E-02 1.21E-06 1.00E-09 9.99E+08 4.83E-13 3.56E+02 1.71E-01 
B-Wet test 7 4.90E-04 2.57E-08 2.75E-02 9.37E-07 7.76E-10 1.29E+09 3.80E-13 4.64E+02 2.27E-01 
B-Wet test 8 4.62E-04 4.23E-08 2.75E-02 1.54E-06 1.28E-09 7.80E+08 5.90E-13 2.82E+02 1.30E-01 
B-Wet test 9 4.77E-04 2.68E-08 2.80E-02 9.57E-07 7.93E-10 1.26E+09 3.78E-13 4.66E+02 2.22E-01 
B-Wet test 10 4.61E-04 4.52E-08 2.75E-02 1.65E-06 1.36E-09 7.33E+08 6.29E-13 2.62E+02 1.21E-01 
Mean 4.74E-04 3.47E-08 2.76E-02 1.26E-06 1.04E-09 1.01E+09 4.92E-13 3.66E+02 1.74E-01 
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Figure 14: Graph showing variation in resistance 
factor µ for specimen B 

Figure 15: Graph showing variation in the 
diffusion- equivalent air layer thickness Sd (m) for 

specimen B 

Whilst these preliminary results indicate that pliable membranes behave differently when they are exposed 
to different relative humidity conditions, their behaviour is treated as static with hygrothermal simulations and 
within product classifications in AS4200.1. A static material may exhibit a linear characteristic to relative 
humidity, while a dynamic material behaves in a non-linear manner relative to changes in humidity. As only two 
tests have been completed, the future tests at greater relative humidity values will provide further evidence of a 
linear or non-linear relationship. 

4.0 Conclusion and recommendation 
International experience has shown that the duo of better insulated and more air-tight envelopes has often 
demonstrated an increased potential of moisture accumulation, interstitial condensation, and mould growth 
within the building envelope. As materials that are used to construct the external envelope play a pivotal role in 
the passive management of water vapour diffusion, the need for correct data about their physical properties are 
critically needed as inputs for hygrothermal simulation of Australian envelope assemblies, in Australian climates. 

At this stage, the vapour diffusion properties of most Australian construction materials are not known and a 
key aim of this research was to ascertain if the current referenced water vapour diffusion test method as 
described in ISO:12572 and AS4200.1 (ASTM:E96M) is appropriate. This method stipulates a single point of 
measurement where the test room has a temperature of 23℃ (±5℃) and a relative humidity of 50% (±-5%). It 
has been identified that this method may provide inadequate information about the physical properties of 
construction materials, which experience continuously varying temperature and relative humidity conditions. 

In this research the results from two testing periods are discussed. Test I required the test room to be 
maintained at 23℃ (±5℃) and 35%RH (±5%). Test 2 required the test room to be maintained at 23℃ (±5℃) and 
50%RH (±5%). This research documented that both pliable membrane products demonstrated different vapour 
diffusion properties between Test 1 and Test 2. This initial finding demonstrates that the current method, as 
described in ISO:12572 and AS4200.1 (ASTM: E96M) may be inappropriate. To ascertain whether different 
Relative Humidity conditions further affect the water vapour diffusion properties of the tested pliable 
membranes, the next stages of the research will see the test room kept at at 23℃ (±5℃) but the relative 
humidity will be changed to 65%RH, followed by 85%RH. This will then be followed by testing the materials 
at a constant relative humidity, but the room temperature will be varied. 
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