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 EXECUTIVE SUMMARY 
In this study, hygrothermal models are validated with experimental data obtained from five R22 wood-frame wall 
assemblies, with different insulation and vapour control strategies, and exposed to the climatic conditions of 
Vancouver. The results provide a set of validated material properties for use in hygrothermal models along with 
the validated models for each of the five wall assemblies. The methods used to derive the model parameters are 
described, which can be used to inform adaptation for other similar building envelope assemblies. Furthermore, 
sensitivity analysis demonstrates which parameters are the most significant for obtaining a good fit to 
experimental data. 

The experimental wall assemblies included two deep cavity walls (glass fibre and open-cell spray polyurethane 
foam) and three types of split insulated walls using either rigid stone wool, extruded polystyrene, or foil-faced 
polyisocyanurate external insulation. To subject the walls to a wider range of conditions for model validation, 
water was injected though a plastic tube and onto a wetting pad positioned on the exterior surface of OSB 
sheathing. Moisture pin sensors were embedded in the OSB sheathing at various heights as well as in the wood-
frame, while temperature and relative humidity sensors were installed at the inside surface of the OSB, outside 
surface of the drywall, and the rainscreen cavity. 

WUFI Pro software was selected as it is the most widely used hygrothermal modelling tool by building design 
practitioners and should therefore have the most impact in helping to improve long-term durability assessment 
with hygrothermal models. 

Hygrothermal material properties were obtained from four sources: material property testing (water vapour 
permeability of select materials), manufacturer’s technical publications, material property databases and other 
academic studies, and through analysis of the dynamic experimental data. A baseline set of material properties 
were developed by comparing these resources. Climate data was obtained from a weather station mounted on 
the FPI Test Hut, along with supplementary data from weather stations at the nearby Vancouver Airport and on 
University of British Columbia (UBC) Campus. Correlation was made between the supplementary data sets and 
the FPI data to fill gaps and so develop a climate file covering the full test period for input into the model. 

Sensitivity analysis was conducted to improve the match between the experimental data recorded by the 
embedded sensors and hygrothermal simulations of the wall assemblies. This involves systematically varying each 
model parameter, within a range that is physically appropriate, to determine the impact on the simulations. This 
provides information on which parameters have the most significant effect on the model and whether increasing 
or decreasing them brings the temperature, relative humidity, or moisture content of the materials closer to the 
measured values. 

For the modelling, the OSB sheathing was split into three layers so that the moisture content of each could be 
determined separately. As the uncoated moisture sensor pins were inserted from the interior so that the tip was 
at the centre of the OSB, it was assumed that simulation of the centre in inner layers would best represent the 
measured moisture content. To model the wetting pad, a 0.3 mm layer of cellulose insulation was used. As not all 
the injected water was transferred 1-dimentionally into the wall assembly, the free water saturation of the 
cellulose was used to control this amount and sensitivity analysis used to select the value for each wall. 

Following sensitivity analysis, a good overall correlation was found between the simulated and experimental 
results. However, the model was found to overestimate the relative humidity in the glass fibre filled wood-frame 
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cavity following injection of water for the wall assemblies using a very low permeance polyethylene Vapour 
Control Layer (VCL). It was hypothesized that this discrepancy could be due to the 1-dimensional model not being 
able to include moisture transfer in the vertical or lateral directions through the OSB Sheathing or in the glass fibre 
filled wood-frame cavity. 

Selection of the moisture storage function for the OSB sheathing was found to be important for obtaining a good 
match with experimental data, particularly above 90% relative humidity, which are also critical conditions for 
predicting risk of mold growth and fungal decay. A novel method for estimating the optimum moisture storage 
function for the OSB sheathing was developed by plotting the experimental measurements of the moisture 
content and relative humidity of the OSB against each other, and a range of moisture storage functions developed 
from the results. 

The water vapour permeances provided by the manufacturers of the Water Resistive Barrier (WRB) and VCL were 
found to well represent the performance. However, For the WRB, the fit between simulated and experimental 
results was improved by using a relative humidity dependent water vapour diffusion resistance function adjusted 
to fit the manufacturer’s value. Similarly, the use of a relative humidity dependent water vapour diffusion 
resistance function for the OSB sheathing provided the best correlation with experimental measurements. 

To simulate the paint applied to the interior surface of the wall assemblies, it was found that the best approach 
was to assign an Sd-value to the interior surface. For the wall assemblies using a vapour retarding paint rather 
than a polyethylene VCL, the Sd-value had a significant effect on simulation results. Sensitivity analysis suggested 
that the vapour retarding paints provided similar Sd-values to the manufacturer’s published values, and the Sd-
value of the latex paint fell within the range found by previous studies. However, Sd-values can vary significantly 
for paints. It is therefore recommended that when modelling such assemblies, a range of Sd-values be estimated 
for the paint and that several simulations be conducted to determine the potential effect of variability in Sd-values. 

The water vapour permeability of foil-faced polyisocyanurate foam insulation was found to be significantly lower 
than specified by the manufacturer. It was hypothesized that this could be due to both bypass of water vapour 
around the edges of the insulation board or diffusion through perforations made into the foil-facer when attaching 
the siding, which served to reduce moisture content of the OSB sheathing. This therefore highlights the need for 
practitioners to consider risk of water vapour bypassing through or around foil-facers. 

Sensitivity analysis of the thermal conductivity of the insulation materials showed that, in the Vancouver climate, 
applying the manufacturer’s published values was sufficient for providing a good correlation between simulated 
and measured values. Using temperature dependent thermal conductivity functions was found to have little 
impact on simulation results in this mild climate with a relatively small fluctuation in annual temperatures. 
However, in locations with more extreme temperatures, the input of temperature dependent thermal 
conductivity functions will likely be required to obtain accurate results. 

The painted engineered wood siding was found to effectively shed rain, as a lower adhering fraction of rain (0.05) 
than the WUFI default value for vertical walls (0.7) was found to provide the best overall fit, although selection of 
any value between these had only a small impact on results. A Short-Wave Radiation Absorptivity for the siding 
consistent with the light-coloured paint used (0.2) gave a good match with experimental results, and an air 
exchange in the rainscreen cavity of 100 ACH was found to provide the best overall fit for all wall assemblies, 
which was consistent with pervious studies. 
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 1 OBJECTIVES 
The overall objective of this study is to provide information to building design practitioners that will help to 
improve accuracy of hygrothermal models and enable them to better use these models to predict the durability 
and thermal performance of wood-based building envelopes. 

To achieve this, hygrothermal models using WUFI Pro software are validated with experimental data obtained 
from five wood-frame wall assemblies, with different insulation and vapour control strategies, exposed to the 
climatic conditions of Vancouver from October 2018 to May 2020. This exercise provides a set of model input 
parameters that the practitioner can use to assess similar structures exposed to similar environmental conditions. 
Sensitivity analysis is conducted on the model input parameters to establish which are the most important in 
obtaining a good fit to experimental measurements, and therefore accurate prediction of assembly performance. 
There is also discussion on limitations of the hygrothermal model. 

2 INTRODUCTION 
Light wood-frame is the dominant construction method for residential buildings in North America, and therefore 
important in efforts to reduce energy consumption and greenhouse gas emissions in the construction sector. 
Canadian model energy codes, including the National Building Code of Canada (NBCC)—9.36. Energy Efficiency 
and the National Energy Code of Canada for Buildings (NECB), have been incrementally raising energy efficiency 
requirements, moving towards being net-zero energy ready. The Government of British Columbia enacted the 
Energy Step Code in 2017, so new construction will reach net-zero energy ready by 2032, and the Canadian Home 
Builders Association (CHBA) has recently launched its Net Zero Home Labelling Program, providing two-tiered 
technical requirements for Net Zero and Net Zero Ready Homes. 

With innovation in light wood-frame construction methods to improve thermal performance comes potential risk 
of unforeseen long-term durability related problems due to reduced drying capacity and increased wetting 
potential. Designing a wall system that will provide long-term durability is primarily about ensuring the moisture 
content of the materials and service environments do not exceed certain threshold levels for periods of time that 
will result in deterioration, though either biological (mold growth and decay), chemical (corrosion of metals), or 
physical actions (swelling). If left unchecked, deterioration of the materials can release pollutants into the internal 
environment and eventually undermine the structural integrity of the building. For wood products the main 
concern is to avoid mold growth and fungal decay (Lacasse et al., 2018). The risk that mold will develop in a 
particular wall design can be predicted by hygrothermal models, which assess risk based on temperature, relative 
humidity, time, and the sensitivity of the material to mold growth. Hygrothermal models, validated against 
experimental data taken from wall systems subjected to climate loads which they will be expected to experience, 
are therefore a useful tool in assessing long-term durability. Furthermore, it is now possible to obtain climate files 
developed based on climate change projections to assess the risks presented by a future climate (Gaur et al., 
2019). 

Several previous hygrothermal model validation studies have been conducted using data from light wood-frame 
building assemblies. Teasdale-St-Hilaire and Derome (2006) conducted a hygrothermal model validation study on 
wood-frame wall assemblies, with glass fibre batt insulation, wood sheathing, a spun-bonded polyolefin (SBP) 
water resistive barrier, a Vapour Control Layer (VCL) and gypsum drywall. Six assemblies were tested so that the 
effect of varying the sheathing and VCL type could be assessed. Sheathing types were OSB, Plywood, and Asphalt-
coated fiberboard and VCL types were polyethylene sheet and a vapour-retarding paint. To experimentally 
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simulate water intrusion into the assembly a piece of wood that has been pre-wetted by partial immersion for 31 
day was placed on the bottom plate of each wall assembly. Models were found to match more closely with 
experimental results when the water vapour permeability of the glass fibre batt was increased beyond what would 
be expected for that material to account for air convection in the cavity not being included in the models.  

Labat et al. (2015) tested six wood-frame wall assembly configurations with a 27 mm vented air gap behind larch 
siding. Variations included the insulation material between the studs (mineral wool, wood fibre, and cellulose), 
interior finishes (OSB, Gypsum) and whether a vapour barrier was included. Hygrothermal model validation was 
conducted using temperature and relative humidity measurements in the vented air gap as boundary conditions. 
The model was found to underestimate the partial vapour pressure in the centre of the wood fibre insulation 
when under the largest moisture load, however on analysis, differences between the model and measurements 
were still within experimental uncertainty.  

Boardman and Glass (2020) conducted a hygrothermal model validation study using measurements from eight 
wood-frame wall assemblies with OSB Sheathing and glass fibre batt cavity insulation. Variations between 
assemblies included type of exterior insulation (XPS, EPS, mineral wool, none), VCL (polyethylene sheet or asphalt-
coated kraft paper) and flat and crinkled SBP membrane. Moisture penetration was simulated by injecting water 
onto a paper towel fixed to the inner OSB surface. Sensitivity analysis was conducted on WUFI Pro hygrothermal 
models starting with database material properties, along with some laboratory water vapour permeability 
measurements. Two methods for modelling air flow through gaps between the vinyl siding were compared: adding 
an air exchange in behind the siding, and an effective permeance method, where the permeance and porosity of 
the siding were adjusted to account for the air flow. The effective permeance of the vinyl siding was found to be 
much lower than expected, suggesting that siding installed directly against the wall assembly without a rainscreen 
cavity siding can be significantly less air permeable than previously thought. Increasing the permeability of the 
XPS from the initial database values was also found to improve the fit between measured and simulated results. 

Zegen Reich et al. (2021) investigated the use of vapor diffusion ports; 50 mm diameter holes drilled into the 
sheathing of wood-frame assemblies intended to aid drying. Experimental testing included variation in sheathing 
material (OSB or plywood), WRB (SBPO or a self-adhered vapour-permeable membrane) and the addition of 
exterior insulation (XPS or mineral wool). Hygrothermal model validation was conducted and found a greater 
discrepancy between experimental and simulated results at higher moisture contents, which was attributed to 
greater uncertainty by the resistance-based sensors. The assembly with XPS exterior insulation showed the most 
significant discrepancy, however it was under the 30% recommended by ASHRAE Guidelines.  

Busser et al. (2018) also provided an analysis of several studies which attempt to validate hygrothermal models 
with experimental data, including light wood-frame assemblies. This analysis was able to draw out common 
problems with model validation. A key finding being that the adsorption and desorption processes tend move 
more slowly in simulations than shown in the experimental data. 

Previous hygrothermal model validation studies of light wood-frame assemblies have included exterior insulation 
(Boardman and Glass, 2020; Zegen Reich et al. 2021), vapour-retarding paints (Teasdale-St-Hilaire and Derome, 
2006), and a ventilated rainscreen cavity (Labat et al. 2015; Zegen Reich et al. 2021). However, this study is the 
first to combine all these elements typically used in high performance buildings in Vancouver. The water injection 
technique, developed by Smegal et al. (2012) to simulate rain leaks during testing, was used in this study. This 
allows the hygrothermal model parameters to be assessed over a wider range of conditions. Boardman and Glass 
(2020) also used the technique for model validation. 
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This study uses the hygrothermal modelling tool WUFI Pro developed by the Fraunhofer Institute for Building 
Physics in Germany which has been extensively validated by multiple studies (WUFI-Wiki, 2021). WUFI was 
selected as it is the most widely used hygrothermal modelling tool by building design practitioners and should 
therefore have the most impact improving long-term durability assessment with hygrothermal models. A detailed 
and thorough analysis of each model input parameter is provided, explaining the most important parameters for 
obtaining realistic simulations of high-performance light wood-frame assemblies. The final set of hygrothermal 
material properties, following the model validation process, is given in Appendix I. 

This report forms part of a series of technical reports, which document the testing of the hygrothermal 
performance of six light wood-frame assemblies with different insulation and vapour-control strategies installed 
in a test building located at FPInnovations Vancouver Laboratory. Detailed information of the construction and 
instrumentation of the wall assemblies can be found in Wang (2019), and results and analysis of the experimental 
measurements can be found in Wang (2020). In this report, hygrothermal models are validated against the 
experimental measurements described in Wang (2020). 

3 STAFF 
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Jieying Wang  Senior Scientist, Building Systems, FPInnovations 
Hua Ge   Associate Professor, Concordia University 
Lin Wang  Research Associate, National Research Council Canada 
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4 METHODS 

4.1 Experimental Description 

4.1.1 Wall Assemblies 
Six types of R22+ wood-framed walls, measuring 1200 x 2400 mm, were installed in a test building located in the 
rear yard of the FPInnovations laboratory. The testing was designed to evaluate different insulation strategies and 
vapor/water control strategies under water penetration. The test walls include two deep cavity walls (glass fibre 
and open-cell spray polyurethane foam) and four types of split insulated walls (glass fibre with different external 
insulation options: rigid stone wool, extruded polystyrene, and foil-faced polyisocyanurate). The walls labelled 
from 1 to 5 were installed in the north orientation with a second replicate installed on the south orientation. Walls 
3 and 6 were installed to the east orientation (Figure 1). A polyethylene vapour control layer was used in Walls 1, 
3, 4 and 6, whereas Walls 2 and 5 had different types of vapour-retarding paint applied to the gypsum wallboard. 
In the case of Wall 2, the interior surface of open-cell spray polyurethane foam was sprayed with a vapour-
retarding paint and the gypsum wallboard was painted with a latex paint. In late November 2019 another vapour-
retarding paint was applied over the latex paint. Testing was conducted for 19 months, between October 2018 
and May 2020. A detailed description of the experimental measurements can be found in Wang (2019) and Wang 
(2020). 
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Wall 1 Wall 2 

  
Wall 3 Wall 4 

  
Wall 5 Wall 6 

  
Figure 1. Schematics of the test wall assemblies (Wang, 2019) 

4.1.2 Moisture Penetration Testing 
To simulate water penetration into the wall assemblies, a wetting pad formed by paper towel and measuring 
about 275 mm and 260 mm was stapled on the exterior surface of OSB sheathing (Figure 2). A plastic distribution 
tube, with 6mm inside diameter, was installed along the top of the paper towel, with three pre-drilled holes to 
allow water to permeate down the paper towel. Water was injected each day during one summer and two winter 
time periods: 1 week in July 2019, and two weeks in both November 2019 and January 2020. 

 

Figure 2. Water injection method – A plastic tube with perforations along the edge of a paper towel 
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4.1.3 Data Acquisition System 
Six pairs of uncoated moisture pin sensors were installed from interior surface of OSB sheathing at various heights 
from top to bottom (Figure 3): 150 mm from the top (O1); mid-height (1200 mm from the bottom O2); 580 mm 
(O3), 475 mm (O4),  360 mm (O5) and 150 mm (O6) from the bottom plate respectively. Moisture pins O3, O4 and 
O5 were positioned on the opposite side of the OSB sheathing to the wetting pad.  Two pairs of uncoated moisture 
pin sensors were also installed in the wood-frame: one close to the OSB sheathing (L1) and the second close to 
the drywall (L2). Four temperature and relative humidity sensors were installed in the drained and vented 
rainscreen cavity; on the interior face of the OSB sheathing at mid-height; at about 475 mm from the bottom; and 
exterior to the polyethylene vapour control layer when it was present, or exterior just to the drywall when there 
was no polyethylene. Details of the accuracy and resolution of the sensors is provided in Table 1. 

 

Figure 3. The locations of the sensors in a test wall (Wang, 2019) 

 

Table 1. Sensor accuracy and resolution 

Sensor Accuracy Resolution 
RH&T Probe (Temperature) ± 1°C 0.1°C 
RH&T Probe (Relative Humidity) ± 3 to ± 5% (10 to 95% RH) 0.5°C 
Moisture Content Pin ± 2%  

4.2 Hygrothermal Model Validation 
Model validation using WUFI Pro was conducted on Walls 1 to 5 as these walls were tested with both north and 
south aspects. For detailed information on use of WUFI software and the underlying physics the WUFI-Wiki (2021) 
website is a useful resource for the practitioner. 

To estimate the material properties, prior to conducting a sensitivity analysis, four types of sources are used. A 
limited amount of material property testing was conducted on the materials used in the wall assemblies, mainly 
water vapour permeability testing. This was used to inform the material properties input into the model, 
particularly in the case of the drywall system. Manufacturer’s technical publications are a useful resource, as they 



 

Project number: 301014810; 301013124 17 of 111 

 

should well represent the performance of the product. However, material properties vary with both temperature 
and moisture, and manufacturer’s values are typically determined at the single temperature or relative humidity 
as required by the standard for that material type referenced in the National Building Code of Canada. Therefore, 
to obtain an estimate of the material property as a function of temperature, relative humidity or moisture content, 
as required by WUFI, comparisons were made to previous measurements on similar materials. The main resources 
for this were two databases produced by the National Research Council Canada, Kumaran et al. (2002) and NRC 
(2022), as well as other more focused material property studies. The final resource type was the experimental 
data from the wall assemblies themselves. This technique is sometimes referred to as ‘inverse modelling’, where 
analysis of the dynamic field data is used to estimate the material properties. Inverse modelling often uses 
complex statistical software to determine the most probable material properties from an experimental dataset, 
however, in this study a much simpler method was used to estimate the moisture storage function of the OSB 
Sheathing. Development of the material properties is described in Section 5.2. 

Climate data was obtained from three main sources. Weather conditions were monitored using a station mounted 
on the test hut between December 2018 and May 2019, so did not cover the full length of the test period, which 
continued to May 2020. Furthermore, there were some gaps in the data, the longest being nine days, but also 
several periods of one, two or three days. Therefore, to produce a complete climate file for input into the model, 
secondary weather data sources were used to estimate the conditions, including weather stations at the nearby 
Vancouver Airport and on University of British Columbia (UBC) Campus. A variety of correlation/calibration 
methods were used to create complete climate files for the full test period. Development of the climate data is 
described in Appendix II. 

The method for modelling moisture penetration testing built on the work by Wang et al. (2020), whereby a 0.3 
mm layer of cellulose fibre was added in the model between the Water-Resistive Barrier (WRB) and the OSB 
Sheathing with a moisture source included. The Free Water Saturation, a property of the cellulose fibre, was varied 
to control the quantity of water entering the wall systems to match with the experimental results. Analysis of the 
moisture penetration modelling method is described in Section 5.2.12. 

In order to improve the match between the simulated and experimental results a sensitivity analysis was 
conducted, sometimes referred to as a parametric study. This involves systematically varying each model 
parameter, within a range that is physically appropriate, to determine the impact on the simulations. This provides 
information on which parameters have the greatest effect on the model and whether increasing or decreasing 
them brings the temperature, relative humidity, or moisture content of the materials closer to the measured 
values. Completing this process for each wall assembly then builds a picture of the optimum parameters to provide 
a good match to the experimental results. 

To begin with, models were built that excluded the rainscreen, therefore using the temperature and relative 
humidity measured in the rainscreen cavity as the external boundary conditions. This was conducted as a first step 
as it provides a simpler model with fewer variables, especially in terms of climate loads, such as short-wave 
radiation and precipitation. There was also much less uncertainty in the rainscreen cavity conditions than the 
weather station data, and it was measured over a longer period. This strategy allowed a sensitivity analysis to be 
conducted on the material properties inside of the rainscreen cavity only. Section 5.3 also uses this method to 
assess the uncertainty of the weather data on model output. 

After introducing the painted engineered wood siding and rainscreen air cavity to the model, sensitivity analysis 
primarily focused on the north facing walls. This simplifies the analysis by excluding the effect of direct solar 
irradiation, which causes more extreme fluctuations in the data that make it more difficult to determine a clear 
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match. However, to analyse the effect of the short-wave radiation absorptivity of the painted engineered wood 
siding on the model it was necessary to also model the south facing walls. Each of these steps was conducted with 
and without a moisture source that simulated the water injection. 

To assess the best fit between simulated and experimental data, Root Mean Squared Errors (RMSEs) are used, 
along with simple differences in values. However, trends and rates of change of temperature, relative humidity 
and moisture content are also taken into consideration. 

4.3 Hygrothermal Material Properties in WUFI 

4.3.1 Thermal Conductivity 
The thermal conductivity of a material is dependent on both in-service temperature and moisture content, which 
will have different impacts depending on climate and location of the insulation in the wall system. Insulation 
materials which use trapped or constrained air between their cells or fibres, such as glass fibre, stone wool, open-
cell spray polyurethane foam (ocSPF) and expanded polystyrene (EPS), display a linear relationship between 
temperature and thermal conductivity, with thermal conductivity increasing as temperature increases. Closed-cell 
insulation materials which contain the blowing agent used in their production, such as extruded polystyrene (XPS), 
Polyisocyanurate (PIR) and closed-cell spray polyurethane foam, can exhibit non-linear relationships between 
temperature and thermal conductivity, as some types of blowing agent will condense within the in-service 
temperature range of the material. As the thermal conductivity of blowing agents are lower than air, these closed-
cell foams are better insulators, however as the blowing agent will slowly diffuse out of the material overtime, as 
well as air diffusing in, their thermal performance will deteriorate over time. 

WUFI is able to generate a linear temperature dependent relationship for materials by inputting the thermal 
conductivity at 10°C and the ‘Temperature Dependent Thermal Conductivity Supplement’ which is the gradient of 
thermal conductivity (W/mK) against temperature (°C). A generic supplement value of 0.0002 provides a typical 
gradient, which is a good approximation for most materials. However, the thermal conductivity of closed-cell foam 
insulation materials with blowing agent that condenses within the in-service temperature range requires inputting 
at several temperatures to accurately capture the non-linear relationship. 

To conduct the hygrothermal model sensitivity analysis, a comparison of the temperature difference across each 
insulation material between the measured experimental data and model generated data was used. Comparison 
was also made to temperatures on either side of the insulation as well as the impact on relative humidity through 
the wall assembly. 

4.3.2 Moisture Storage Function 
The moisture storage function, or sorption isotherm, gives the relationship between the moisture content of a 
material and the relative humidity of its environment. It is usually measured in the laboratory by placing material 
specimens in a controlled environment at constant relative humidity using periodic weighing to determine when 
they reach equilibrium moisture content. These measurements typically display a hysteresis where the equilibrium 
reached depends on whether the material is starting from a lower moisture content (adsorption) or whether it is 
drying out (desorption). 

Hygrothermal models typically only allow for the input of a single moisture storage function, so not taking the 
hysteresis into account. The modeller therefore has to select the optimum function for the model knowing that it 
may not fully represent the performance of the material. Since new construction materials are typically installed 
after being dried in a factory, it would be expected that a moisture storage function closer to the adsorption 
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isotherm would better represent the performance. However, if materials are exposed to precipitation on-site for 
a significant length of time, values closer to the desorption isotherm may better represent the performance. If the 
history of the materials is unknown, modellers will often select the average of the adsorption and desorption 
isotherms. 

4.3.3 Water Vapour Permeability 
The water vapour permeability of materials is represented in WUFI by the Water Vapour Diffusion Resistance 
Factor or μ-value, which is a ratio of the water vapour permeability of still air to the water vapour permeability of 
the material and is therefore unitless. For materials which retain moisture, such as wood products, the μ-value 
decreases with moisture content, and is input into the WUFI as a function of relative humidity. The water vapour 
permeability is usually determined according to ASTM E96 (ASTM, 2005), whereby material specimens are sealed 
to a cup, either containing desiccant (dry cup) or distilled water (wet cup) and placed in a climate chamber with a 
controlled relative humidity, creating a partial vapour pressure across the specimen. The water vapour 
permeability can then be measured by periodic weighing of the cup. 

4.3.4 Liquid Diffusivity 
Liquid water transport is described in WUFI by two parameters: Liquid Transport Coefficient of Suction, and Liquid 
Transport Coefficient of Redistribution. The Liquid Transport Coefficient of Suction describes the capillary 
transport of water at the surface of the material when fully wetted, for example, when there is rainfall on the 
exterior of the building envelope. The Liquid Transport Coefficient of Redistribution describes the transport of 
liquid water through the material after the wetting has finished (WUFI-Wiki, 2021). The direct measurement of 
these material properties is not typically conducted as it requires complicated and expensive techniques, such as 
using Nuclear Magnetic Resonance (NMR) or X-ray attenuation apparatus. However, WUFI has the option of 
generating these functions from the Water Absorption Coefficient (Aw), which is much more easily determined 
using a partial immersion test following ASTM C1794 (ASTM, 2015). 

5 MODEL VALIDATION 
The model validation is reported in four main sections: Wall Geometry, Material Properties, Boundary Conditions, 
and finally Model Limitations. The Wall Geometry section details the arrangement of the materials used in each 
wall assembly, their thicknesses, and shows the monitoring positions. 

The Material Properties section is divided into subsections for each material used in the wall assemblies, which 
address the most significant properties for each material. Comparison is made between manufacturer’s published 
values, where available, to the results of laboratory studies on similar materials. In several cases, temperature or 
RH dependent material properties produced by the studies are adjusted to fit with the manufacturer’s value. 
Where appropriate, material density is used as a proxy to estimate material properties based on different studies. 
These datasets are then used as a baseline for sensitivity analysis. In the case of modelling surface coatings, 
different implementation techniques were also compared. 

The boundary conditions section discusses the implementation of heat and moisture transfer coefficients in WUFI, 
as well as summarising selection of the external surface properties, such as radiation absorptivity and emissivity 
and the Adhering Fraction of Rain. The model limitations, as described by WUFI, are discussed, as well as how they 
may result in discrepancies between the simulations and experimental data. 
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5.1 Wall Geometry 
Figure 4 provides diagrams of each wall system as shown in WUFI. Each material layer is labelled with a letter (A 
to I), a description of which is given in Table 2. Some of the materials have been divided into several layers, for 
example, the OSB is split into a 5 mm external layer, a 1 mm centre layer, and a 5 mm internal layer. This was done 
so that the simulated moisture content of each layer could be output individually. The uncoated moisture sensor 
pins were inserted so that the tip was at the centre of the OSB, therefore the 1 mm centre and 5 mm inner layers 
should best represent the measured moisture content. The location of the temperature and relative humidity 
outputs are denoted by the camera symbols (Figure 4). These were positioned in the same locations as the RH/T 
sensors; at the centre of the rainscreen cavity, 5 mm from the inside of the OSB, and 5 mm from the outside of 
the Vapour Control Layer. 

In WUFI Pro, air layers are treated as another material with a defined thermal conductivity and water vapour 
permeability. A heat and moisture source can be added to represent air exchange with the exterior environment, 
which is represented in the wall diagrams by the lightbulb and faucet symbols. The air change rate can be set in 
the WUFI model. The wetting pad is modelled as a 0.3 mm layer of cellulose fibre, as proposed by Wang et al. 
(2020). This has a moisture source associated with it, which is linked to an input file giving the quantity and timing 
of each water injection. 

Wall 1 Wall 2 

  

Wall 3 Wall 4 

  

Wall 5 

 
Figure 4. Geometry of wall assemblies implemented in the hygrothermal model 
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Table 2. Summery of wall materials and geometry 

 Layer Materials Thickness (mm) 
A Siding Painted engineered wood 8 
B Rainscreen Cavity Air with heat & moisture exchange with exterior 19 
C Exterior Insulation 3. Rigid stone wool board 38 
  4. Extruded polystyrene 25.4 
  5. Polyisocyanurate with foil facers 25.4 
D Water Resistive Barrier Spun Bonded Polyethylene (SBP) 0.15 
E Wetting Pad Cellulose fibre 0.3 
F Sheathing OSB (3 layers) 5+1+5 
G Insulation in wood-frame 1 Glass fibre batt (4 layers) 40+40+20+84 
  2. Open cell spray polyurethane foam (4 layers) 40+49+6+40+49 
  3, 4, 5. Glass fibre batt (4 layers) 40+40+20+40 
H Vapour Control Layer Polyethylene 0.15 
I Drywall Gypsum wallboard with latex paint 12.7 
  2. Gypsum with vapour retarding paints 1 and 2 12.7 
  5. Gypsum with vapour retarding paint 3 12.7 

5.2 Material Properties 

5.2.1 OSB Sheathing 

5.2.1.1 Thermal Conductivity 
As the OSB sheathing layer is relativity thin with a relatively high thermal conductivity, its effect on the model 
output is small. A thermal conductivity of 0.076 W/mK at 10°C and a ‘Temperature Dependent Thermal 
Conductivity Supplement’ of 0.0002 W/mK2 were used based on the results of NRC (2022). 

5.2.1.2 Moisture Storage Function 
Since the moisture storage function represents the relationship between the moisture content of a material and 
the relative humidity of its environment and these are two important factors in predicting risk of mold growth, 
the moisture storage function of the OSB Sheathing is a critical parameter for predicting long-term durability of 
the wall assemblies. 

As described in Section 4.2, a simple ‘inverse modelling’ method was used to estimate the moisture storage 
function of the OSB Sheathing, where analysis of dynamic experimental measurements is used to estimate 
material properties. As in-situ measurements were made of both the moisture content of the OSB and the relative 
humidity next to the internal side of the OSB it was possible to plot relative humidity against moisture content for 
all wall systems. Figure 5 shows the results for all five north facing walls with a different colour representing each 
wall. There are no data below 8.2%MC as the moisture pin sensors were not able to measure below this value. 
Walls N2 and N5 displayed the highest relative humidities and N5 the highest moisture content. Overlayed are a 
set of moisture storage functions selected to fit the measured data, with the Minimum function following closely 
to the lowest measured moisture contents and the Maximum function following closely to the highest. The 
average of the Maximum and Minimum moisture storage functions is labeled as 50%, and 25% and 15% represent 
those percentages between the Maximum and Minimum (Figure 5). The same exercise was repeated for the south 
facing walls, which showed a wider distribution of moisture contents than the north facing walls, however the 
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mean moisture storage function of the north walls still fitted closely to the centre of the distribution for the south 
facing walls. The Baseline moisture storage function is an OSB with a density of 650 kg/m3 taken from the WUFI 
North American material properties database, which was developed from the measurements conducted by 
Kumaran et al. (2002). Simulations using this Baseline OSB are presented alongside the validated results to provide 
a comparison. Below 90%RH, the Baseline fits between the 25% and 50% moisture storage functions, however 
above 90%RH there is a more significant difference. 

 

Figure 5. Moisture storage functions of OSB compared to measurements on the north facing walls 
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Figure 6. Moisture storage functions of OSB in the capillary condensation region 

Moisture contents out of range of the experimental data (i.e. above 95%RH and below 50%RH) were taken from 
NRC (2022). The values above 95%RH were determined using pressure-plate apparatus in accordance with ASTM 
C1699 (2015), which involves first saturating the specimens while in a vacuum to remove trapped air, then 
applying high pressures to push the water out over periods of weeks or months. There is some concern that this 
method is not appropriate for wood products as it will not produce results that are representative of the behaviour 
of wood in the built environment (Wang and Baldracchi, 2010; Wang et al., 2014) and therefore result in 
equilibrium moisture contents which are too high. As shown in Figure 5, there were no measurements recorded 
above 95%RH at the inside of the OSB, however, as the wetting pad was in direct contact with the outside of the 
OSB it would have experienced conditions up to 100%RH. Therefore, the moisture storage function above 95%, in 
the capillary condensation region, will have an impact on the hygrothermal model. 

To examine the effect of varying the moisture storage function above 95% on the model, sets of low-capillary and 
high-capillary moisture contents were compared (Figure 6). The high-capillary values were derived by curve fitting 
to pressure plate measurements (NRC, 2022) and the low-capillary values were developed through sensitivity 
analysis. The Baseline OSB does not have datapoints between 89.5%RH and 99.8%RH, and as WUFI assumes a 
linear interpolation between each datapoint, this can lead to moisture contents which are unrepresentatively high 
over this range. As shown in Figure 6 the experimental measurements from Walls N2 and N5 fit better with the 
functions derived by curve fitting to experimental results than the Baseline OSB function. 

Each wall system was simulated, first using the average (50%) sorption isotherm, then if this was found to not 
match well with the measured data, a simulation was run with another function between the Maximum and 
Minimum moisture storage functions. Figure 7 through to Figure 20 compare the simulation results to the 
measured moisture content of the OSB and relative humidity at the inside surface of the OSB. The simulated 
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moisture content of the 1 mm centre OSB layer is labelled ‘Centre’. The 5 mm OSB layer on the exterior side, next 
to the wetting pad, is labelled ‘Ext’, and the 5 mm OSB layer on the interior side, next to the glass fibre is labelled 
‘Int’. In all wall assemblies, the exterior layer peaks at a much higher moisture content following each period of 
water injection as it is directly in contact with the wetting pad. As the uncoated moisture pin sensors are inserted 
into the OSB from the interior side to a depth of 6 mm the measurements are more likely to correspond with the 
‘Centre’ and ‘Int’ lines. 

For Wall N1, the moisture storage function 15% between the maximum and minimum (Figure 5) was found to 
provide the best fit to the experimental data (Figure 7 and Figure 8). It gave a slightly lower moisture content 
around the points where water was injected into the system during the winter (Figure 7) and a higher relative 
humidity at the OSB/Glass Fibre interface following each of the water injections. The same 15% function was also 
found to provide a good match for the south-facing wall. Inputting the Baseline OSB gave a moisture content of 
the centre 1 mm on average approximately 1%MC higher over the test period than the validated simulations. 
However, following the water injection, the moisture content of the exterior 6 mm increased to 20.7% after the 
first injection and 27.1% and 27.0% after the second and third. The validated moisture storage functions resulted 
in much lower moisture contents; 15.6%, 18.9% and 18.4% for the high capillary moisture storage function and 
14.9%, 16.7% and 16.7% for the low capillary function. These differences are due to differences in moisture 
storage functions in the capillary region (Figure 6). As the validated functions include more datapoints they are 
likely to provide improved accuracy, although the moisture content could not be measured on the external side 
of the OSB to confirm. 

For Wall 2, the 50% moisture storage function (Figure 5) was found to provide the best fit for the north-facing wall 
(Figure 9 and Figure 10) while the 15% moisture storage function fitting was better for the south facing wall (Figure 
11 and Figure 12). As described in Section 4.1.1, a vapour-retarding paint was applied to Wall 2 in late November 
2019, which changed the properties of the drywall, therefore after that date a separate simulation was used, 
which is denoted by a change in the colour of the lines. As with Wall N1, using the Baseline OSB resulted in a 
significantly higher moisture content in the external 6 mm of the OSB following water injection compared to the 
validated functions. It also gave a significantly higher moisture content for Wall S2 over the first 6 months of 
testing. 

For Wall N3 (Figure 13 and Figure 14) and Wall N4 (Figure 15 and Figure 16), the 25% sorption isotherm gave the 
best fit for both the north and south orientations. However, following water injections, the simulated relative 
humidity at the OSB/Glass Fibre interface increases to significantly higher levels than the experimental data 
(Figure 14 and Figure 16). This trend was also observed to a lesser extent in Wall N1 (Figure 8). These results could 
lead the designer to believe that these wall assemblies are more susceptible to mold growth than would actually 
be the case. Possible reasons for these discrepancies will be discussed in Sections 5.2.5.3 and 5.4. The model 
tended to be less responsive to changes in relative humidity than the experimental measurements. Therefore, 
prior to the first water injection in July 2019, for Walls N1, N3 and N4, the simulated relative humidity was already 
higher than the measured values. Following the first water injection, the measured relative humidity at the 
OSB/Glass Fibre interface of Wall N1 increased 17.4%, while the simulated relative humidity increased a similar 
17.8%. For Wall N3, the measured relative humidity increased 16.4% and the simulated increased 17.8%. For Wall 
N4, there was a greater difference between measured and simulated relative humidity; an increase of 18.4% was 
measured and 23.0% simulated. Therefore, although the simulated relative humidity was much higher for these 
three walls than the measured values, the simulated change in relative humidity due to water injection was much 
closer. Again, using the Baseline OSB resulted in a higher moisture content following the water injections than 
both the experimental data and validated models. This was particularly apparent in Wall N4 (Figure 15), where 
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the moisture content of all the OSB layers continued to increase when the experimental data and validated models 
decreased. 

For Wall 5, the 50% moisture storage function (Figure 5) was found to provide the best fit for the north-facing wall 
(Figure 17 and Figure 18) and the 25% moisture storage function fitting better for the south facing wall (Figure 19 
and Figure 20). This is a similar pattern to Wall 2, for which it was also found that simulations of the south-facing 
wall fitted experimental data with a moisture storage function with lower moisture contents than for the north-
facing wall. Both Walls 2 and 5 used vapour-retarding paints rather than a polyethylene VCL. The OSB in these 
walls also displayed higher moisture contents with greater fluctuation, therefore more time in a drying or 
desorption phase, which is perhaps a factor in why a moisture storage function with higher moisture contents 
better represented measurements on the north side. The south side was drier due to the higher levels of solar 
irradiation. 

The simulated moisture content of the OSB in Wall S5 (Figure 19) was higher than the measured moisture content 
up until October 2019, then shows a very good match thereafter. This could potentially be the result of a faulty 
sensor as there seems to be an abrupt change in moisture content in early October 2019. Similarly, a faulty sensor 
may be the cause of the discrepancy in the relative humidity at the OSB/Glass Fibre interface in Wall S5 (Figure 
20). Until August 2019 the simulation had provided an excellent match to the measured data, then there was a 6-
week gap in the data, and following this there was a large discrepancy with the measured relative humidity 
eventually going above 100% after January 2020. 

 

Figure 7. Effect of OSB sorption isotherm on moisture content of OSB sheathing in Wall N1 
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Figure 8. Effect of OSB sorption isotherm of relative humidity at the OSB/Glass Fibre interface in Wall N1 

 

Figure 9. Effect of OSB sorption isotherm on moisture content of OSB sheathing in Wall N2 
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Figure 10. Effect of OSB sorption isotherm on relative humidity at the OSB/ocSPF interface in Wall N2 

 

Figure 11. Effect of OSB sorption isotherm on moisture content of OSB sheathing in Wall S2 
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Figure 12. Effect of OSB sorption isotherm on relative humidity at the OSB/ocSPF interface in Wall S2 

 

 

Figure 13. Effect of OSB sorption isotherm on moisture content of OSB sheathing in Wall N3 



 

Project number: 301014810; 301013124 29 of 111 

 

 

Figure 14. Effect of OSB sorption isotherm on relative humidity at the OSB/Glass Fibre interface in Wall N3 

 

 

Figure 15. Effect of OSB sorption isotherm on moisture content of OSB sheathing in Wall N4 
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Figure 16. Effect of OSB sorption isotherm on relative humidity at the OSB/Glass Fibre interface in Wall N4 

 

 

Figure 17. Effect of OSB sorption isotherm on moisture content of OSB sheathing in Wall N5 
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Figure 18. Effect of OSB sorption isotherm on relative humidity at the OSB/Glass Fibre interface in Wall N5 

 

 

Figure 19. Effect of OSB sorption isotherm on moisture content of OSB sheathing in Wall S5 
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Figure 20. Effect of OSB sorption isotherm on relative humidity at the OSB/Glass Fibre interface in Wall S5 

 

5.2.1.3 Water Vapour Permeability 
Several studies have been conducted showing that the water vapour diffusion resistance factor (μ) of OSB 
decreases as relative humidity increases (Kumaran et al., 2002; Timusk, 2008; Yousefi, 2019; NRC, 2022). Timusk 
(2008) tested three types of OSB of different densities: 554 kg/m3, 626 kg/m3 and 689 kg/m3. As would be 
expected, the lower the density the more permeable the material. Kumaran et al. (2002), Yousefi (2019) and NRC 
(2022) all used the same test procedure, conducting dry and wet cup tests at 50%, 70% and 90%RH, which can be 
used to determine the water vapour diffusion resistance factor as a function of relative humidity (Figure 21). The 
equation proposed by Galbraith et al. (1997) was used for curve fitting of each dataset. As each study tested a 
different density of OSB, comparison of the results allows for the estimation of a Water Vapour Diffusion 
Resistance Function based on the density of the OSB (Figure 21). Yousefi (2019) also demonstrated that the 
function is temperature dependent which cannot be implemented in WUFI but should ideally be taken into 
consideration. However, temperature dependence of water vapour permeability is not typically included in 
hygrothermal modelling software. 

Since the OSB sheathing was positioned between the wetting pad and the insulation inside the wood-frame, the 
permeability of the OSB would be expected to affect the relative humidity at the inside surface of the OSB. 
However, simulations using each of the four water vapour diffusion resistance functions given in Figure 21 were 
found to have only a small impact on results. During testing, the relative humidity at the inside surface of the OSB 
mostly remained between 50% and 90%RH, therefore sensitivity analysis will only apply to the function over this 
range. The difference in vapour diffusion resistance between each of the functions is not as large at higher relative 
humidities (Figure 21), therefore varying between these functions had little effect. 
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Figure 21. Water vapour diffusion resistance factor of different densities of OSB sheathing 

 

 

Figure 22. Effect of OSB water vapour permeability on moisture content of OSB sheathing in Wall N3 
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Figure 23. Effect of OSB water vapour permeability on relative humidity at the OSB/Glass Fibre interface in Wall N3 

 

 

Figure 24. Effect of OSB water vapour permeability on moisture content of OSB sheathing in Wall N4 
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Figure 25. Effect of OSB water vapour permeability on relative humidity at the OSB/Glass Fibre interface in Wall N4 

To further investigate, simulations were conducted with the water vapour diffusion resistance factor (µ) set to 
single values ranging between 150 and 60 also indicated in Figure 21 by dashed lines. The results for Walls N3 
(Figure 22, Figure 23) and N4 (Figure 24, Figure 25) are shown to provide examples of the effects. 

Using a lower µ-value resulted in a higher moisture content in the OSB Sheathing, improving the fit with 
experimental measurements. The ‘Estimated’ function was found to provide the best fit (Figure 22 and Figure 24), 
although differences were relatively small. For Wall N3, RMSEs ranged from 0.66%MC at µ=60 to 0.79%MC at 
µ=150, with the ‘Estimated’ function giving a RMSE of 0.64%MC. For Wall N4, RMSEs ranged from 1.20%MC at 
µ=60 to 1.54%MC at µ=150, with the ‘Estimated’ function giving a RMSE of 1.17%MC. Using a lower µ-value was 
found to increase fluctuation in the relative humidity at the inside surface of the OSB (Figure 23 and Figure 25). 
When the µ-value was set to 60, the relative humidity followed the trend in fluctuations in relative humidity well, 
however, at an overall higher level (RMSE of 8.8%RH for Wall N4). Increasing the µ-value to 150 had the effect of 
reducing the relative humidity so that it was overall closer to the measured values (RMSE of 7.0%RH for Wall N4), 
however, the trend in relative humidity fluctuations was not as well aligned. This was most apparent for Wall N3 
(Figure 23) following the water injections, where the rate of change in relative humidity is significantly slower than 
experimental measurements. 

As sensitivity analysis of the µ-value of the OSB Sheathing did not significantly improve the fit between the 
measured and simulated relative humidity at the OSB/Glass Fibre interface the ‘Estimated’ function was used in 
subsequent simulations as it gave the best fit for the OSB moisture content and followed relative humidity trends. 

5.2.1.4 Liquid Diffusivity 
Sensitivity analysis was conducted on the effect of varying the Water Absorption Coefficient (Aw) of the OSB 
Sheathing between 0.001 kg/m2s½ and 0.01 kg/m2s½, which had negligible effect on simulation results. As an 
example, for Wall N1, increasing Aw over this range was found to very slightly decrease the moisture content of 
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the OSB from a RMSE of 0.82% to 0.81% and very slightly increase the relative humidity at the inside surface of 
the OSB from a RMSE of 6.08% to 6.14%. Kumaran et al. (2002) provided a value of 0.0022 kg/m2s½ for Aw, which 
was used in all subsequent simulations. 

5.2.2 Water Resistive Barrier 

5.2.2.1 Water Vapour Permeability 

The Water Resistive Barrier (WRB) used in the wall assembly was a spun-bonded polyethylene (SBP) membrane. 
The manufacturer provided a value for the permeance of the WRB measured using a dry cup test (ASTM E96), 
which was converted to give a water vapour diffusion resistance factor (μ) of 1016. This value is shown in Figure 
26 at 25%RH as this is the mean across the specimen during the dry cup test. This was compared to two previous 
studies (Kumaran et al., 2002; NRC, 2022), which measured the water vapour permeability of this type of 
membrane. These studies show very different results, so the tested membranes were clearly designed for 
different performance criteria. The manufacturer’s value is 17% lower at 25%RH than the function described in 
NRC (2022), therefore the function was decreased by 17% to bring it into alignment (Figure 26). 

The walls were simulated with each of the functions shown in Figure 26, including using a single μ -value of 1016 
calculated from the manufacturer’s published permeance, to examine sensitivity of the model to this parameter. 

 

Figure 26. Water vapour diffusion resistance factor of the Water Resistive Barriers as a function of relative humidity 

The water vapour diffusion resistance (μ) of the WRB was found to have a relatively small impact on the models. 
This is illustrated by the results for Wall N3 (Figure 27 and Figure 28). A lower water vapour diffusion function 
resulted in a slightly lower relative humidity 5mm from the inside of the OSB and a slightly lower OSB moisture 
content following water injection. Using the manufacturers μ-value resulted in a higher moisture content 
following the water injections with a maximum difference of 0.44%. 
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Adjusting the water vapour diffusion functions of the WRB within a possible range for the material had a relatively 
small effect on the relative humidity at the OSB/Glass Fibre interface (Figure 28). Using the manufacturers μ-value 
resulted in a slightly higher relative humidity (approximately 1% to 2%) following the water injections than using 
any of the relative humidity dependent functions. As discussed in Sections 5.2.1.2, the models of Walls 1, 3 and 4 
overestimated the relative humidity next to the OSB sheathing, which also demonstrated in Figure 28. None of 
the functions given in Figure 26 were able to reduce this discrepancy. 

Using the relative humidity dependent function adjusted by 17% to meet the manufacturers value provided a 
slightly improved fit compared to using the single μ-value of 1016. For example, for Wall N3, using the adjusted 
function reduced the RMSE of the OSB moisture content from 4.6% to 4.0% and the RMSE of the relative humidity 
at the inside surface of the OSB from 8.6% to 7.6% This function was therefore used for all subsequent models. 
Since this type of WRB is designed to block the transfer of liquid water and allow water vapour it is unsurprising 
that a water vapour diffusion function that varies with relative humidity would provide an improved fit to the 
measured results. 

 

Figure 27. Effect of WRB water vapour diffusion resistance on moisture content of OSB in Wall N3 
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Figure 28. Effect of WRB water vapour diffusion resistance on relative humidity at the OSB/Glass Fibre interface in Wall N3 

5.2.3 Vapour Control Layer 

5.2.3.1 Water Vapour Permeability 
Walls 1, 3, and 4 had a 6 mil (0.15 mm) polyethylene Vapour Control Layer (VCL) installed between the stud frame filled 
with glass fibre insulation and the gypsum wallboard. This type of VCL has a water vapour diffusion resistance (μ) of 
between approximately 370,000 and 560,000. Sensitivity analysis was conducted to examine the effect of varying μ 
between these values. There was only a small impact on the model output, with a higher μ-value providing a very 
slightly better fit to the experimental data for all three wall assemblies, therefore the VCL μ-value was set to 560,000. 

5.2.4 Gypsum Wallboard and Vapour Retarding Paints 

5.2.4.1 Thermal Conductivity 
As the Gypsum Wallboard layer is relativity thin with a relatively high thermal conductivity its effect on the model 
output is small. A thermal conductivity of 0.16 W/mK at 10°C and a ‘Temperature Dependent Thermal Conductivity 
Supplement’ of 0.0002 W/mK2 from the ‘Interior Gypsum Board’ given in the WUFI North American material properties 
database were used in all models. 

5.2.4.2 Moisture Storage Function 
Sensitivity analysis on the moisture storage function of the Gypsum Wallboard showed that there was negligible effect 
on the simulations of Walls 1, 3 and 4, as the Polyethylene VCL impeded moisture transfer between the wallboard and 
the rest of the assembly. For Walls 2 and 5, increasing the amount of moisture that the gypsum could store had a small 
effect on the relative humidity in the wood-frame cavity; at the surface of the OSB it made the fit with experimental 
data slightly worse, and at the surface of the drywall it had the effect of smoothing small fluctuations but having little 
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effect on overall relative humidity levels. The moisture storage function from the ‘Interior Gypsum Board’ given in the 
WUFI North American material properties database was used in all models.  

5.2.4.3 Water Vapour Permeability 
Walls 2 and 5 had vapour-retarding paints applied to the gypsum wallboard instead of using a polyethylene vapour 
control layer. Three different vapour-retarding paints were used, which will be referred to as VRP1, VRP2 and VRP3. 
Walls 1, 3 and 4 had a Latex Paint applied to the wallboard. For Wall 2, VRP1 was applied on the interior surface of the 
spray foam and the latex paint applied to the wallboard. VRP2 was later applied to the interior surface of the gypsum 
wallboard, on top of the latex paint, before the start of the second winter in late November 2019. For Wall 5, VRP3 was 
applied to the interior surface of the gypsum wallboard on installation, so no latex paint was used. 

To simulate the effect of the paints or coatings on moisture transfer in WUFI it is possible to apply an Sd-value to the 
internal or external surface of the assembly. The Sd-value is the water vapour diffusion resistance factor (μ) of the 
material multiplied by its thickness in meters, and therefore represents the equivalent thickness of still air required to 
provide the same resistance. The manufacturers provided values for the permeance of each vapour retarding paint, 
allowing for the calculation of the Sd-value for each paint; 7.7 m for VRP1, 3.4 m for VRP2 and 0.2 m for VRP3. 

 

Figure 29. Water vapour diffusion resistance factor of the drywall and paint 

Laboratory tests were also conducted to determine the water vapour permeability of specimens of the gypsum 
wallboard without paint, and specimens of wallboard with both VRP3 and the latex paint that was applied to Walls 1, 3 
and 4. Testing was conducted in accordance with ASTM E96 (ASTM, 2005) using both dry and wet cup tests at 50%RH, 
so that the mean relative humidity of the dry cup was 25% and the wet cup 75%. These results were used to estimate 
relative humidity dependent functions for each drywall system (Figure 29). 

For Wall 2, the gypsum wallboard was assigned the μ-values given in Figure 29 for drywall with ‘No Paint’ and was 
simulated with the interior surface Sd-value set at different values between 0 m and 7.78 m. Before application of VRP2, 
an Sd-value of 0.2 m provided the best fit with RMSEs of 1.08%MC and 2.9%RH at the inside of the OSB. Both increasing 
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the Sd-value and selecting ‘no coating’ increased the RMSEs. Therefore, an Sd-value of 0.2 m was used to represent the 
latex paint in all models. This is higher than the 0.073 m for latex paint found by Boardman and Glass (2020) through 
hygrothermal model validation, however lower than the 0.4 m found by Kalagasidis et al. (2008), indicating that this 
parameter can vary significantly. 

After application of VRP2, an Sd-value of 0.2 m gave RMSEs of 2.25%MC and 8.1%RH. Increasing the Sd-value to 5.6 m 
reduced the RMSEs of 0.85%MC and 2.9%RH, whereafter any further increase had little effect on RMSEs. Figure 30 
compares the measured OSB moisture content to simulations with the interior surface Sd-value set to both 0.2 m and 
5.6 m, and Figure 31 compares measured relative humidity to simulated 5mm from the inside of the OSB sheathing. 
The red dotted line indicates when VRP2 was applied to the interior of the gypsum wallboard. It can be clearly seen 
that before VRP2 was applied an Sd-value of 0.2 m provides the best fit to the measured data, whereas after application 
an Sd-value of 5.6 m provides the best fit. 

 

Figure 30. Effect of Sd-value of Vapour Retarding Paints on moisture content of OSB in Wall N2 
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Figure 31. Effect of Sd-value of Vapour Retarding Paints on relative humidity at the OSB/Spray Foam interface in Wall N2 

 

 

Figure 32. Effect of Sd-value of Vapour Retarding Paint on moisture content of OSB in Wall N5 
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Figure 33. Effect of Sd-value of Vapour Retarding Paints on relative humidity at the OSB/Glass Fibre interface in Wall N5 

For Wall 5, two methods for simulating the permeability of the vapour-retarding paint were compared; applying 
an Sd-value to the interior surface of the gypsum wallboard, and using the water vapour diffusion resistance 
function given in Figure 29 for the wallboard and VRP, which was developed from experimental measurements 
according to ASTM E96. In the E96 Test case, the Sd-value was set to ‘no coating’ as the paint layer was part of the 
test. The optimum Sd-value was found to be 0.8 m, with RMSEs of 1.66%MC and 3.2%RH at the inside of the OSB. 
This gave a better fit than the Sd-value of the 0.19 m calculated from the manufacturers published permeance, 
which gave RMSEs of 2.66%MC and 6.5%RH, as well as better than an Sd-value of 1.5 m with RMSEs of 1.86%MC 
and 4.4%RH. Figure 32 and Figure 33 provide more detailed comparison of the results. The simulation which used 
the function for the vapour-retarding paint given in Figure 29 (labelled E96 Test in Figure 32 and Figure 33) did not 
provide as close a fit as applying an Sd-value, with RMSEs of 2.9%MC and 7.3%RH. This was most apparent over 
the first 6 months of testing. This would suggest that it is more accurate to apply an Sd-value to simulate internal 
paint finishes. The drywall Sd-value was therefore set to 0.8 m for all subsequent simulations of Wall 5. This is 
higher than the manufacturers permeance, which could perhaps be due to the contractor applying a more 
generous coating than the manufacturer suggests. However, E96 testing also showed that VRP3 was more 
resistant to water vapour diffusion than the latex paint (Figure 29). 

5.2.5 Glass Fibre Batt 

5.2.5.1 Thermal Conductivity 
Figure 34 shows a comparison of the measured and simulated temperatures at both the interior of the OSB and 
exterior of the VCL, so at either side of the glass fibre. The thermal conductivity at 10°C was set to the 
manufacturers value of 0.036 W/mK and the Temperature Dependent Thermal Conductivity Supplement set to 
0.0002 W/mK2, which provided a good fit to the experimental data. Setting the Temperature Dependent Thermal 
Conductivity Supplement to Zero, therefore having a constant thermal conductivity of 0.036 W/mK had a 
negligible effect on the results for this climate. 
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Figure 34. Comparison of the measured and simulated temperature across the glass fibre batt in wall N1 

5.2.5.2 Specific Heat Capacity 
Figure 34 shows that the simulated temperature at the OSB/Glass Fibre interface fluctuates over a greater range 
than the measured data. Simulated temperature was 2°C higher than measured for 14% of the test period and 
less than 1°C lower for 7% of the test period. This could be partly the result of measurement uncertainty; however, 
it could also be due to heat transfer into the wood-frame reducing temperature fluctuation. 

As the model is one-dimensional, the effects of the wood-frame can not be directly included. As a method to 
compensate for this, the effect of increasing the specific heat capacity of the glass fibre, beyond what is physically 
appropriate, was tested to examine if the fit with experimental data could be improved. Increasing the specific 
heat capacity from 840 J/kgK to 26000 J/kgK decreased temperature fluctuations (Figure 35). Simulated 
temperature was now 2°C higher than measured for 10% of the test period and less than 1°C lower for 4% of the 
test period. 

While increasing the specific heat capacity of the Glass Fibre from 840 J/kgK to 26000 J/kgK resulted in almost no 
change in mean annual relative humidity it was found to decrease fluctuation at the VCL/Glass Fibre interface 
(Figure 37), particularly during the summer months. When specific heat capacity was set to 840 J/kgK, the RMSE 
was 9.4%RH and the difference in relative humidity exceeded 10%RH for 9% of the time between March and 
September. When specific heat capacity was increased to 26000 J/kgK, the RMSE decreased to 3.5%RH and the 
amount of time the relative humidity difference exceeded 10%RH decreased to 4%. However, at the OSB/Glass 
Fibre interface, adjusting the specific heat capacity resulted in only a slight change in relative humidity. 
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Figure 35. Effect of specific heat capacity of the glass fibre on temperature at the OSB/Glass Fibre interface in Wall N1 

 

 

Figure 36: Effect of specific heat capacity of the glass fibre on temperature at the Glass Fibre/VCL interface in Wall N1 
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Figure 37. Effect of Specific Heat Capacity on relative humidity at the Glass Fibre/VCL interface in Wall N1 

5.2.5.3 Moisture Storage Function 
Glass fibre batt insulation stores very little water so its moisture storage function typically has little impact on the 
model. Values measured by NRC (2022) were used in the simulations. However, as shown in Figure 8, Figure 14 
and Figure 16 the simulated relative humidity in the glass fibre was higher than the measured data for Walls 1, 3 
and 4. This could be due to both transport of moisture laterally up, across and down the OSB Sheathing, diffusion 
throughout the wood-frame cavity and absorption of water vapour by the wood-frame. As the model is one-
dimensional, these effects could not be included in the model. 

As a method to compensate for these moisture transfer mechanisms not being included in the model and to obtain 
an improved fit between the simulated and measured relative humidity, the effect of increasing the moisture 
storage function of the glass fibre beyond what is physically appropriate was examined through sensitivity 
analysis. Since the wood-frame is made from S-P-F, an average was taken of the spruce, pine and fir moisture 
storage functions measured by NRC (2022) and simulations conducted with the moisture storage function of the 
glass fibre layer set to moisture contents between 5% and 50% of the average of the S-P-F moisture storage 
function. 

Applying a higher moisture storage capacity for the glass fibre was found to significantly decrease the simulated 
relative humidity at the OSB/Glass Fibre interface following the first water injection. For Walls N1 (Figure 38) and 
N4 (Figure 39), the 10%-SPF function improved the match with the peak measured relative humidity, however, 
following the peak the simulated relative humidity did not show the same decrease as the measured. This is 
perhaps due to the moisture being stored rather than diffusing three-dimensionally, and therefore not an 
appropriate modification to improve accuracy of the model. 
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The effect on the relative humidity at the outside of the drywall is shown in Figure 40 for Wall N1 and Figure 41 
for Wall N4. The RH/T4 Sensor is positioned approximately 600 mm above the wetting pad (Figure 3) so it may be 
expected that the model would predict a higher relative humidity than was measured. However, it is still 
instructive to examine the effect of increasing the moisture storage capacity in the wood-frame cavity at this 
location. For Walls 1, 3 and 4, the simulated relative humidity was significantly higher than measured by Sensor 
RH/T4 during the summer and following water injection, with the relative humidity going above 80% for short 
periods in Walls 1 and 4. Applying a higher moisture storage capacity to the model was found to both dampen 
fluctuations and decrease relative humidity during the summer so that it provided an improved match with the 
measured relative humidity. 

 

Figure 38. Effect of wood-frame and glass fibre moisture storage on relative humidity at the OSB/Glass Fibre interface in 
Wall N1 with water injection 
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Figure 39. Effect of wood-frame and glass fibre moisture storage on relative humidity at the OSB/Glass Fibre interface in 
Wall N4 with water injection 

 

Figure 40. Effect of wood-frame and glass fibre moisture storage on relative humidity at the Glass Fibre/VCL interface in 
Wall N1 without water injection 
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Figure 41. Effect of wood-frame and glass fibre moisture storage on relative humidity at the Glass Fibre/VCL interface in 
Wall N4 without water injection 

5.2.5.4 Water Vapour Permeability 
The water vapour diffusion resistance factor was set to 1.8 (NRC, 2022). As part of the sensitivity analysis a μ-value 
of 1.2 was also tested, however this change was found to have a negligible effect on the simulation results. 

Teasdale-St-Hilaire and Derome (2006) pointed out that air convection loops may form in wood-frame cavities 
filled with high porosity insulation materials, such as glass fibre, due to temperature differences, which was not 
captured by their WUFI 2D model of a wood-frame wall assembly with glass fibre batt insulation. To account of 
this the water vapour diffusion resistance factor (μ) of the glass fibre was decreased from 1.3 to 0.1, so decreasing 
the permeability to 10% of that of still air. This provided an improved fit to experimental results. Simulations were 
therefore conducted with water vapour diffusion resistance factor set to 0.1. However, this was found to have 
only a small effect on the relative humidity in the wood frame, slightly increasing the amplitude of relative 
humidity fluctuations. 

5.2.6 Open-Cell Spray Polyurethane Foam 

5.2.6.1 Thermal Conductivity 
The temperature was not measured on the outside of the drywall (ocSPF/VCL interface) in Wall 2, therefore it was 
not possible to compare the measured and simulated temperature difference across the ocSPF. So, to assess the 
fit if the simulated data to the measured data the temperature difference between the OSB/ocSPF interface and 
the interior environment was used, given the small impact of the drywall. Using the Temperature Dependent 
Thermal Conductivity Supplement of 0.000224 W/mK2, determined by NRC (2022), and the manufacturer’s R-
value to calculate a thermal conductivity at 10°C of 0.0353 W/mK was found to provide a good match with the 
experimental data. The average temperature difference across the ocSPF over the test period was 10.44°C in both 
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cases, although as can be seen from Figure 42 there was a slightly greater amplitude in the temperature 
fluctuation, particularly during the summer months. Simulations conducted without temperature dependency 
showed a negligible difference to those including temperature dependency in these climatic conditions. 

 

Figure 42. Comparison of the measured and simulated temperature at the OSB/ocSPF interface in wall N2 

5.2.6.2 Water Vapour Permeability 
The manufacturer provided a value for the permeance of the open cell spray polyurethane foam measured using 
a dry cup test (ASTM E96), which was converted to give a water vapour diffusion resistance factor (μ) of 6.38. This 
value is shown in Figure 43 at 25%RH as this is the mean across the specimen during the dry cup test. NRC (2022) 
provide μ as a function of relative humidity for an open cell spray polyurethane foam (ocSPF) with a density of 7.5 
kg/m3. Kumaran et al. (2002) found a similar result (Figure 43) using a dry cup test (2.38) for an ocSPF with the 
same density (7.5 kg/m3). The ocSPF used in this study had a density of 8.5 kg/m3, which may be the reason that 
it has a higher μ-value. 

The function provided by NRC (2022) was adjusted to fit with the manufacturer’s value and compared to 
simulations using the manufacturer’s value without variation due to relative humidity. Both methods provided a 
good fit with experimental data (Figure 44). There were only small differences in the relative humidity at the 
OSB/ocSPF interface with a slightly better fit given when using the RH dependent function following water 
injection. 
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Figure 43. Water vapour diffusion resistance factor of open cell spray polyurethane foam as a function of relative 
humidity 

 

Figure 44. Effect of ocSPF water vapour diffusion resistance on relative humidity at the OSB/ocSPF interface in Wall N2 
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5.2.7 Stone Wool Board 

5.2.7.1 Thermal Conductivity  
The manufacturers value was used to calculate a thermal conductivity at 10°C of 0.0334 W/mK and the 
Temperature Dependent Thermal Conductivity Supplement was set to 0.000137 W/mK2 based on NRC (2022). 
This was found to provide a good fit to the experimental data. Simulated mean temperature across the Stone 
Wool Board, between the rainscreen cavity and the inside of the OSB, was equal to the measured mean 
temperature, both 2.95°C. Simulated temperatures at both the OSB/Glass Wool interface (Figure 46) and in the 
rainscreen cavity (Figure 45) also fitted well with experimental data, although there was slightly more fluctuation 
in the simulated results. 

Simulations conducted without temperature dependency showed a negligible difference to those including 
temperature dependency in these climatic conditions, as the Temperature Dependent Thermal Conductivity 
Supplement was low and the annual change in temperature in Vancouver is relatively small. 

 

Figure 45. Comparison of the measured and simulated temperature in the rainscreen cavity of Wall N3 
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Figure 46. Comparison of the measured and simulated temperature at the OSB/Glass Wool interface in Wall N3 

5.2.7.2 Water Vapour Permeability 
The manufacturer provided a value for the permeance of the rigid stone wool board insulation measured using a 
dry cup test (ASTM E96), which was converted to give μ = 2.88. The water vapour permeability of rigid stone wool 
board is not affected by changes in relative humidity (NRC, 2022), therefore this was input as a single value. 
Sensitivity analysis was conducted by varying μ within a range that is reasonable for this material, however, it was 
found to have a negligible impact on model output. 

5.2.8 Extruded Polystyrene 

5.2.8.1 Thermal Conductivity 
The manufacturer’s published thermal conductivity was determined using the Long-Term Thermal Resistance 
(LTTR) test method described in CAN/ULC-S770. This is a laboratory accelerated aging method which estimates 
the thermal resistance after 5 years aging at 23°C. The manufacturer’s thermal conductivity at a mean 
temperature of 24°C is 6% lower than the Aged XPS function determined by NRC (2022) and 2% higher than the 
New XPS function (Figure 47). Simulating the XPS using a temperature dependent function adjusted to match the 
manufacturer’s value (Figure 47) was found to provide a good fit to the measured data (Figure 48 and Figure 49).  

Figure 47 shows the temperature range (maximum and minimum values) measured in both the rainscreen cavity 
and at the inside surface of the OSB sheathing. Mean temperature across the XPS was 11.6°C. 
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Simulations conducted without temperature dependency at a thermal conductivity of 0.0271 W/mK, denoted by 
the blue dashed line, showed a negligible difference to those including temperature dependency (Adjusted). This 
suggests that in this climate selecting a single value for thermal conductivity at a mean temperature close to the 
mean annual temperature of the material will be sufficient for producing an accurate model. It may be more 
important to use temperature dependent thermal conductivity functions when modelling assemblies in climates 
with a greater annual ambient temperature change. 

 

Figure 47. Temperature dependent thermal conductivity of extruded polystyrene used in sensitivity analysis compared to 
experimental temperature range 
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Figure 48. Comparison of the measured and simulated temperature in the rainscreen cavity of Wall N4 

 

Figure 49. Comparison of the measured and simulated temperature at the OSB/Glass Wool interface in Wall N4 
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5.2.8.2 Water Vapour Permeability 
The manufacturer provided a value for the permeance of the XPS measured using a dry cup test (ASTM E96), which 
was converted to give μ = 88.9. This value is shown in Figure 50 at 25%RH as this is the mean across the specimen 
during the dry cup test. This value was found to fit very closely to the results provided by NRC (2022). 

To both examine the sensitivity of the model to this parameter and obtain a closer fit to the experimental data, 
simulations were conducted using the μ-values shown in Figure 50. Decreasing the μ-values provided a closer fit 
to the relative humidity measurements at the OSB/Glass Fibre interface (Figure 52), while still giving a reasonable 
fit to the measured OSB moisture content (Figure 51). However, it is unrealistic for the μ-values of the XPS to be 
as low as 80% of the laboratory measured values. It is therefore likely that other moisture transport mechanisms 
are responsible for this discrepancy, such as liquid transport up, down or to the side of the wetting pad through 
or on the surface of the OSB. Figure 53 also shows that the simulated relative humidity is higher than the measured 
following water injection at the external surface of the drywall, however the relative humidity sensor was 
positioned approximately 600 mm above the wetting pad so the water vapour may not have diffused through the 
glass fibre up to that height. 

 

Figure 50. Sensitivity analysis of the water vapour diffusion resistance factor of XPS insulation 
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Figure 51. Effect of XPS water vapour diffusion resistance on moisture content of OSB in Wall 4 

 

Figure 52. Effect of XPS water vapour diffusion resistance on relative humidity at the OSB/Glass Fibre interface in Wall N4 
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Figure 53. Effect of XPS water vapour diffusion resistance on relative humidity at the Glass Fibre/VCL interface in Wall N4 

5.2.9 Polyisocyanurate 

5.2.9.1 Thermal Conductivity 
As with the XPS, the manufacturer’s published thermal conductivity was determined using the LTTR test method. 
The manufacturer’s published value is 7% lower than the Aged PIR function determined by NRC (2022) (Figure 54). 
Simulations were therefore conducted with the Aged PIR function adjusted by 7% to be in alignment with the 
manufacturer’s value. Mean annual temperature difference across the polyisocyanurate was found to be 4% lower 
than measured data. Sensitivity analysis found that using a temperature dependent function 3% lower than the 
New PIR function gave a mean annual temperature difference equal to the measured data. As the thermal 
performance appears better than that given by the manufacturer, this suggests that, as new boards, they have 
not reached the 5-year-aged performance, so the thermal conductivity may increase in time. Simulated 
temperature on either side of the polyisocyanurate, in the rainscreen cavity (Figure 55) and at the OSB/Glass Wool 
interface (Figure 56), gave a good fit with experimental data, having the same mean temperatures but with slightly 
greater temperature fluctuation. 

Figure 54 shows the temperature range (maximum and minimum values) measured in both the rainscreen cavity 
and at the inside surface of the OSB sheathing. Mean temperature across the polyisocyanurate was 12°C. 
Simulations conducted without temperature dependency at a thermal conductivity of 0.0218 W/mK, denoted by 
the blue dashed line in Figure 54, showed negligible difference to those including temperature dependency (Initial 
-3%). This is to be expected as there is only a small difference in thermal conductivity over the temperature range 
to which the polyisocyanurate was exposed. In more extreme climates, either hotter or colder, using a 
temperature dependent function may provide improved accuracy. 
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Figure 54. Temperature dependent thermal conductivity of polyisocyanurate used in sensitivity analysis compared to 
experimental temperature range 

 

Figure 55. Comparison of the measured and simulated temperature in the rainscreen cavity of Wall N5 
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Figure 56. Comparison of the measured and simulated temperature at the OSB/Glass Wool interface in Wall N5 

5.2.9.2 Water Vapour Permeability 
The manufacturer provided a value for the permeance of the foil faced PIR insulation measured using a dry cup 
test (ASTM E96), which was converted to give μ = 2940 for a board of 1 inch thickness. Figure 57 provides μ-values 
as a function of relative humidity for two paper-faced PIR insulation boards, which shows that the lower the 
density the more permeable the foam. The PIR used in the current study was 40 kg/m3, so closer to NRC (2022). 
Figure 57 therefore demonstrates that the low permeability given by the manufacturer is mostly due to the 
properties of the foil facer. 
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Figure 57. Water vapour diffusion resistance factor of paper-faced polyisocyanurate insulation as a function of relative 
humidity 

Two strategies for modelling the PIR insulation were compared to provide a fit to the experimental data. The first 
was to simply use a single μ-value for the whole layer. The second was to use the μ-values given by NRC (2022) 
with a 0.1 mm layer of foil added to either side. Sensitivity analysis was conducted on both the single μ-value for 
the PIR and the μ-value for the foil facers. 

Figure 58 compares the measured moisture content of the OSB sheathing (MC Pins) to three simulations; the PIR 
set to the manufacturer’s μ-value (2940), set to a single μ-value of 90, slightly above the maximum given in Figure 
57, and as a reference the function given by NRC (2022) labelled ‘No Foil’. When the manufacturers value is used, 
the moisture content is generally higher than the measured data, particularly over the first six months and 
following the third moisture injection, where the moisture content in the exterior layer, next to the wetting pad, 
increases to almost 30%. The simulation with μ set to 90 gave a better overall fit to the measured data, suggesting 
that the foil was not as effective at reducing moisture transport as demonstrated in the laboratory. A similar 
patten is shown in Figure 60, where the simulation with μ set to 90 gives a better fit for relative humidity 5 mm 
from the inside of the OSB, particularly during September and October 2019 when the OSB is still drying following 
the summer water injection. 

Figure 59 compares the measured moisture content of the OSB sheathing (MC Pins) to the simulations which 
include two 0.1 mm layers either side of the PIR foam. Again, the function given by NRC (2022) labelled ‘No Foil’ 
is used as a reference. During the sensitivity analysis, the μ-value of the foil was varied between 3000 and 80000. 
The closest fit to the measured data was found to be around 8000. A μ-value of 50000 is also presented to show 
the sensitivity to variation in this parameter. Figure 61 indicates that a lower foil μ-value than 8000 would give an 
improved fit for the relative humidity at the OSB/Glass Fibre interface. 
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Comparing the two methods, the simulation without foil and μ for PIR set to 90 (Figure 60) provides a better fit to 
the measured relative humidity than the simulations with foil (Figure 61), particularly during September and 
October 2019. For the OSB moisture content, the simulation using μ = 90 for the PIR provided a slightly improved 
fit compared to the simulation with foil μ = 8000, over the whole time period and more so during September and 
October 2019. This would suggest that adding thin foil layers will not improve the model and is therefore not 
necessary. Therefore, for all subsequent simulations a single layer of PIR was used with μ set to 90. 

The use of a μ value of 90 constitutes a 97% decrease in resistance to water vapour transfer in comparison to the 
μ value of 2940 calculated from the manufacturer’s published permeance. Such a loss of performance could 
potentially result from perforations in the foil as well as bypass around the edges of the polyisocyanurate board. 
The PIR external insulation was constructed using a single board, without any facing or sealant around the edges. 
It is therefore possible that water vapour was able to bypass the foil-facer at the edges. The furring used to attach 
the siding was fastened by puncturing through the foil facer. Slanina and Šilarová (2009) investigated the effect of 
perforating polyethylene VCLs on their water vapour permeability by conducting wet cup tests on 0.03 m2 
specimens with increasing numbers of 0.25 mm diameter pin holes. One pin hole was found to decrease the μ 
value by between 42% and 71%. Scaling the results up to VCL of 4’ x 8’, this would equate to a perforation of 2.5 
mm in diameter, while a perforation of 8.4 mm in diameter would result in a decrease the μ value of between 
85% and 98%. These tests were conducted on a different material; however, they illustrate the effect of 
perforations on vapour barriers. 

 

Figure 58. Effect of foil faced PIR water vapour diffusion resistance on moisture content of OSB in Wall N5 (PIR treated as 
a single layer) 
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Figure 59. Effect of foil faced PIR water vapour diffusion resistance on moisture content of OSB in Wall N5 (foil facer 
layers added) 

 

Figure 60. Effect of foil faced PIR water vapour diffusion resistance on relative humidity at the OSB/Glass Fibre interface 
in Wall N5 (PIR treated as a single layer) 
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Figure 61. Effect of foil faced PIR water vapour diffusion resistance on relative humidity at the OSB/Glass Fibre interface 
in Wall N5 (foil facer layers added) 

5.2.10 Painted Engineered Wood Lap Siding 

5.2.10.1 Thermal Conductivity 
As the Engineered Wood Lap Siding layer is relativity thin and separated from the rest of the assembly by an air 
cavity, its effect on the model output is small. A thermal conductivity of 0.076 W/mK at 10°C and a ‘Temperature 
Dependent Thermal Conductivity Supplement’ of 0.000238 W/mK2 were used based on the results of NRC (2022). 

5.2.10.2 Moisture Storage Function 
It was not possible to find a publication by the manufacturer giving moisture sorption details of the painted 
engineered wood siding. However, a very similar product was tested by NRC (2022). Each wall was simulated using 
the adsorption and desorption isotherms, as well as the mean of the two, in order to test sensitivity of the models 
to this parameter. Wall N3 is used as example to show that the models are not strongly sensitive to this parameter, 
however, the desorption isotherm tended to provide the best fit to the experimental data (Figure 62 and Figure 
63). This is perhaps an expected outcome from a material that is exposed to precipitation and therefore often in 
a drying, or desorption, phase. 
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Figure 62. Effect of the painted engineered wood siding sorption isotherm on the moisture content of OSB sheathing in 
Wall N3 

 

Figure 63. Effect of the painted engineered wood siding sorption isotherm on relative humidity in the rainscreen cavity in 
Wall N3 
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5.2.10.3 Water Vapour Permeability 
It was not possible to find a publication by the manufacturer giving the water vapour permeance of the painted 
engineered wood siding. However, a very similar product was tested by NRC (2022). To examine how well these 
measurements represented the performance of the painted engineered wood siding the values were increased 
and decreased by 20% to assess the impact on model output. This was found to have only a small effect on the 
relative humidity in the rainscreen cavity. As will be described in Section 5.2.11, air exchange between the 
rainscreen cavity and the exterior has a more significant impact on the models. 

5.2.10.4 Liquid Diffusivity 
Sensitivity analysis was conducted on the effect of varying the Water Absorption Coefficient (Aw) of the Painted 
Engineered Wood Siding between 0.001 kg/m2s½ and 0.0001 kg/m2s½ and found to have only a small impact on 
simulation results. As an example, for Wall N1, increasing Aw was found to overall slightly decrease the relative 
humidity in the rainscreen cavity from a RMSE of 6.2 to 5.9%RH, while increasing the moisture content of the OSB 
from a RMSE of 0.78 to 0.83%MC. Kumaran et al. (2002) provide a value of 0.00072 kg/m2s½ for Aw for a painted 
composite wood siding, which was therefore used in all simulations. 

5.2.10.5 Adhering Fraction of Rain 
The Adhering Fraction of Rain is a property of the external surface that describes the fraction of rainfall that is 
absorbed by the surface, with a range of 0 to 1, where ‘No Absorption’ is 0 and 1 signifies that all the rain will be 
available for absorption (WUFI-Wiki, 2021). WUFI includes a default setting based on the inclination of the 
component, which is 0.7 for vertical walls. All north-facing walls were simulated with the Adhering Fraction of Rain 
set to values between ‘No Absorption’ and 0.7.  

Overall, selecting the Adhering Fraction of Rain between ‘No Absorption’ and 0.1 was found to have the largest 
impact on simulation results. Selecting a value between 0.1 and 0.7 had a much smaller effect. For Wall N1 before 
moisture injection, ‘No Absorption’ provided the closest fit to the measured OSB moisture content (RMSE 
0.65%MC), whereas after injection 0.7 was the closest (RMSE 0.75%MC), which can also be seen in Figure 64. Over 
the whole test period 0.05 provided the best fit (RMSE 0.81%MC), however increasing to 0.7 only increased the 
overall RMSE to 0.90%MC. The other wall assemblies showed the same pattern, but with even less pronounced 
differences. For Wall N2, a value of 0.05 also provided the best overall fit to experimental data (RMSE 1.07%MC), 
however increasing the value to 0.7 did not have a large effect on the model (RMSE 1.11%MC), as shown in Figure 
66. 

As would be expected, increasing the Adhering Fraction of Rain increased the relative humidity in the rainscreen 
cavity (Figure 65 and Figure 67). However, the measured relative humidity fluctuated over a wider range than the 
simulated values, with values falling within the measured range irrespective of the Adhering Fraction of Rain 
selected except for ‘No Absorption’. Again, an Adhering Fraction of Rain of 0.05 gave the best fit to relative 
humidity measured in the rainscreen cavity (RMSE 6.2%RH for Wall N1, RMSE 5.2%RH for Wall N2, RMSE 6.5%RH 
for Wall N3), however increasing it to the default value of 0.7 had a relatively small effect (RMSE 6.4%RH for Wall 
N1, RMSE 5.5%RH for Wall N2, RMSE 6.8%RH for Wall N3). 

The Adhering Fraction of Rain was therefore set to 0.05 for all subsequent simulations. As the engineered wood 
siding was manufactured with a thick coating of paint designed to shed rain effectively, this may account for a 
lower value than the default for vertical walls. 
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Figure 64. Effect of Adhering Fraction of Rain on moisture content of OSB in Wall N1 

 

Figure 65. Effect of Adhering Fraction of Rain on relative humidity in the rainscreen cavity of Wall N1 
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Figure 66. Effect of Adhering Fraction of Rain on moisture content of OSB in Wall N2 

 

 

Figure 67. Effect of Adhering Fraction of Rain on relative humidity in the rainscreen cavity of Wall N2 
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5.2.10.6 Short-Wave Radiation Absorptivity 
The Short-Wave Radiation Absorptivity is a property applied to the external surface that describes the fraction of 
short-wave radiation incident on the surface (i.e., solar radiation input from the climate file) that transfers heat 
to the building envelope. It has a range of 0 to 1, where 0 is a perfect reflector and 1 is a perfect absorber, or 
blackbody. A lighter coloured material will generally have a lower radiation absorptivity and a darker material a 
higher absorptivity. There was no measured value for the Painted Engineered Wood Lap Siding, however, it was 
coated with a light-coloured paint. 

As the south-facing walls were the most exposed to solar irradiation, these were primarily used for validation of 
the radiation absorptivity of the Engineered Wood Siding. Figure 68 through to Figure 77 show the effect of 
adjusting the Short-Wave Radiation Absorptivity between 0.2 and 0.5 on the moisture content of the OSB 
sheathing and the relative humidity in the rainscreen cavity of each of the south-facing walls.  

Overall, an absorptivity of 0.2 provided the best fit for the moisture content of the OSB. Walls S2 (Figure 70), S3 
(Figure 72) and S4 (Figure 74) showed the best fit with experimental measurements, with RMSEs of 1.43%, 0.77% 
and 0.99%MC respectively, particularly directly before the first water injection. Wall 3 and particularly Wall 4 
showed a slower simulated drying rate than measured following each water injection. For Wall S5, there was a 
jump in moisture content at the beginning of October which brought the measured moisture content closer to the 
simulated values (Figure 76), which suggests that there was not a good contact between the pin sensor and the 
wood before that. This may have also been the case for Wall S1, which also did not provide a good fit to the 
measured OSB moisture content prior to the first water injection (Figure 68). After October, an absorptivity of 0.2 
provided a RMSE of 0.84%MC for Wall S5. For Wall S1, the RMSE was 1.39%MC following the first water injection. 

Compared to the north-facing walls, the relative humidity measured in the rainscreen of the south-facing walls 
showed much greater fluctuations and with the maximum relative humidity around 5% to 10% lower. This was 
not easily replicated by the simulations. Increasing the Short-Wave Radiation Absorptivity increased the range 
which the relative humidity fluctuated and slightly decreased the maximum relative humidity, however it provided 
a poor correlation for the OSB moisture content. Increasing the air changes per hour (ACH) between the rainscreen 
cavity and the exterior environment increased fluctuations in relative humidity but also increased the maximum 
relative humidity resulting in an increase in the moisture content of the OSB sheathing beyond the measured 
values. Decreasing the amount of moisture that the wood siding was able to store by using the adsorption 
isotherm similarly increased relative humidity fluctuation and the maximum levels reached. Discrepancies 
between measured and simulated values are therefore perhaps related to the simulation timestep or that the 
model is one-dimensional so cannot include convection cycles in the cavity. Improvements to the model may be 
achieved by developing dynamic air exchange files as described by Finch and Straube (2007), which input the 
hourly air exchange rates into the model calculated from measured conditions. 
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Figure 68. Effect of radiation absorptivity on moisture content of OSB in Wall S1 

 

Figure 69. Effect of radiation absorptivity on relative humidity in the rainscreen cavity of Wall S1 
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Figure 70. Effect of radiation absorptivity on moisture content of OSB in Wall S2 

 

Figure 71. Effect of radiation absorptivity on relative humidity in the rainscreen cavity of Wall S2 
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Figure 72. Effect of radiation absorptivity on moisture content of OSB in Wall S3 

 

 

Figure 73. Effect of radiation absorptivity on relative humidity in the rainscreen cavity of Wall S3 
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Figure 74. Effect of radiation absorptivity on moisture content of OSB in Wall S4 

 

Figure 75. Effect of radiation absorptivity on relative humidity in the rainscreen cavity of Wall S4 
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Figure 76. Effect of radiation absorptivity on moisture content of OSB in Wall S5 

 

Figure 77. Effect of radiation absorptivity on relative humidity in the rainscreen cavity of Wall S5 
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5.2.11 Rainscreen Cavity 
The WUFI database of material properties has an option to select an air layer, which is treated as any other 
material layer with the same parameter options. Air convection is therefore not part of the simulation, only 
allowing for heat conduction and water vapour diffusion (WUFI-Wiki, 2021). For the rainscreen cavity, the 20 mm 
thick air layer was selected from the WUFI Generic Materials Database and adjusted to 19 mm to match the wall 
assembly geometry.  

5.2.11.1 Air Exchange with Exterior Environment 
When an air layer has some degree of an air exchange with the exterior or interior environment an Air Change 
Source can be added to the air layer to define the heat and moisture exchange with that environment. As there 
was likely to be some air exchange between the exterior environment and the rainscreen cavity through gaps in 
the siding, an Air Change Source was added to the air layer, defined as being spread across the whole layer and 
mixing with air from the exterior environment at a constant rate. 

Ge and Ye (2007) demonstrated that for a ventilated rainscreen cavity with a SBPO WRB and plywood sheathing 
in the climate of British Columbia, the optimum ventilation rate is approximately 130 Air Changes per Hour (ACH). 
It was found that as the air change rate increased, and thus airflow across the WRB, the rate of drying increased, 
however at 130 ACH a maximum rate of drying was reached, which was dictated by the permeability of the WRB. 
Finch and Straube (2007) investigated impact of air change rates between 1 and 200 ACH on WUFI models, as well 
as a dynamic air exchange based on buoyancy pressures calculated from temperature and relative humidity 
measurements. Using a fixed air exchange of 140 ACH was found to predict field measurements with reasonable 
accuracy. Similar to the findings of Ge and Ye (2007), increasing beyond this value had little impact on simulated 
sheathing moisture content. Using the dynamic air exchange files increased accuracy, however the improvement 
over using the fixed air exchange rate was relatively small. The optimum air change rates provided by these studies 
served as a useful starting point for assessing the sensitivity of each wall assembly to this parameter. 

A sensitivity analysis was conducted on the air change rate, between 10 and 300 ACH. Figure 78 through to Figure 
83 provide examples of the effect of setting the ACH to 50, 100 and 130 on moisture content of the OSB sheathing 
and relative humidity in the rainscreen cavity for Walls N1, N2 and N3. Results showed that increasing the air 
change rate above 100 ACH had little effect on the OSB moisture content (Figure 78, Figure 80 and Figure 82), 
similar to the findings of Ge and Ye (2007). Increasing air change rate was found to increase the fluctuation in 
relative humidity in the rainscreen cavity (Figure 79, Figure 81 and Figure 83) so providing an improved fit with 
the experimental results, however, increasing air change rate above 100 ACH had decreasing impact on change in 
relative humidity. This can be illustrated through the RMSEs for Wall N1, which was representative of the trends 
shown by the other wall assemblies. At 10 ACH RMSEs were 1.35%MC and 10.7%RH in the rainscreen cavity, at 50 
ACH RMSEs were 0.77%MC and 6.7%RH, at 100 ACH RMSEs were 0.81%MC and 5.9%RH, at 130 ACH RMSEs were 
0.85%MC and 5.8%RH, and at 200 ACH RMSEs were 0.91%MC and 5.8%RH. Relative humidity at the inside of the 
OSB followed similar trends. Across all wall assemblies a rainscreen cavity air change rate of around 100 ACH 
provided the best fit to experimental measurements and was therefore selected for all models. 
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Figure 78. Effect of rainscreen cavity air change on moisture content of OSB in Wall N1 

 

Figure 79. Effect of rainscreen cavity air change on relative humidity in the rainscreen cavity of Wall N1 
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Figure 80. Effect of rainscreen cavity air change on moisture content of OSB in Wall N2 

 

Figure 81. Effect of rainscreen cavity air change on relative humidity in the rainscreen cavity of Wall N2 
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Figure 82. Effect of rainscreen cavity air change on moisture content of OSB in Wall N3 

 

Figure 83. Effect of rainscreen cavity air change on relative humidity in the rainscreen cavity of Wall N3 
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5.2.12 Wetting Pad 
To simulate the wetting pad, a 0.3 mm layer of the Cellulose Fibre Insulation given in the WUFI North American 
Material Properties Database was inserted into the model, as proposed by Wang et al. (2020). To simulate the 
water injection, a moisture source was added across the whole layer of the cellulose fibre insulation with input 
from a moisture source file with values calculated from the water injection measurements shown in Figure 113. 

5.2.12.1 Free Water Saturation 
WUFI allows for a Moisture Source Term Cut-Off, which can be set to either when the material reaches its 
maximum water content, as determined by its porosity, or its free water saturation, as determined by its moisture 
content at 100%RH. The Cut-Off can also be turned off, so the full amount of water as defined by the source file 
enters the wall system. 

The experimental results suggested that some of the injected water ran down the exterior side of the OSB 
Sheathing to the base of the wood-frame, as indicated by the increase in moisture content measured by Pin 6 
located 200 mm below the wetting pad and 150 mm (O6) from the bottom of the frame. This was particularly 
apparent in Wall N5 (Figure 92) where the moisture content measured by MC Pin 6 increased by the same amount 
as Pins 3, 4 and 5, but was also apparent to a lesser extent in some of the other wall assemblies. To accommodate 
for this in the model, a sensitivity analysis was conducted on the Free Water Saturation point of the cellulose fibre 
(wetting pad) to match the amount of water that was transferred into the wall system. 

Figure 84 through to Figure 93 show the effect of adjusting the Free Water Saturation point of the cellulose fibre 
on the OSB moisture content and relative humidity on the interior side of the OSB for each of the north-facing 
walls. Simulations were also included where the Cut-Off is turned off. Only the moisture content of the 1mm 
‘Centre’ layer is shown in the figures, labelled as ‘No Cut-Off’. In addition, the moisture content measured by Pin 
6 is included along with Pins 3, 4 and 5 to allow for consideration of the effect of water moving down towards the 
base of the assembly following each injection period. 

The first observation is that when No Cut-Off is selected the moisture content and relative humidity are much 
higher than the measured values. The moisture content of the OSB increases to a maximum of 30% for Wall N1 
(Figure 84), 28% for Wall N2 (Figure 86), 30% for Wall N3 (Figure 88), 51% for Wall N4 (Figure 90), and 50% for 
Wall N5 (Figure 92) when No Cut-Off is selected, which is off the scale of each graph. 

Increasing the Free Water Saturation point of the cellulose was found to increase the moisture content and 
relative humidity following water injection. There was no effect prior to water injection. Simulations were 
conducted with Free Water Saturation set to values between 200 kg/m3 and 600 kg/m3 for each wall to determine 
the closest fit to the experimental results. For Walls N1, N2 and N3 between 400 kg/m3 and 500 kg/m3 was found 
to provide a good fit. For Walls N4 and N5, lower values gave an improved fit, between 300 kg/m3 and 400 kg/m3. 
This correlates with the observation that less water may transfer into the wall assemblies which show a greater 
increase in the moisture content measured by Pin 6. 
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Figure 84. Effect of wetting pad free water saturation on OSB moisture content in Wall N1 

 

Figure 85. Effect of wetting pad free water saturation on relative humidity at the OSB/Glass Fibre interface in Wall N1 
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Figure 86. Effect of wetting pad free water saturation on OSB moisture content in Wall N2 

 

Figure 87. Effect of wetting pad free water saturation on relative humidity at the OSB/ocSFP interface in Wall N2 
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Figure 88. Effect of wetting pad free water saturation on OSB moisture content in Wall N3 

 

Figure 89. Effect of wetting pad free water saturation on relative humidity at the OSB/Glass Fibre interface in Wall N3 
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Figure 90. Effect of wetting pad free water saturation on OSB moisture content in Wall N4 

 

Figure 91. Effect of wetting pad free water saturation on relative humidity at the OSB/Glass Fibre interface in Wall N4 

 



 

Project number: 301014810; 301013124 83 of 111 

 

 

Figure 92. Effect of wetting pad free water saturation on OSB moisture content in Wall N5 

 

Figure 93. Effect of wetting pad free water saturation on relative humidity at the OSB/Glass Fibre interface in Wall N5 
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5.3 Effect of Climate Data 
There will be a certain amount of uncertainty related to the climate data, including accuracy and resolution of the 
weather station sensors, and accuracy of the methods used to fill gaps in the FPInnovations weather station data 
using correlations with other nearby weather stations at the University of British Columbia (UBC) and Vancouver 
Airport. Details of the methods used to create the WUFI climate files are given in Appendix II. 

In order to assess the impact of uncertainty in the climate data, simulations were conducted without the 
engineered wood siding and rainscreen cavity, and the temperature and humidity measured in the rainscreen 
cavity used as the exterior climate file. The exterior heat transfer coefficient was set to the same as the interior 
(0.125 m2K/W) and the Radiation Absorptivity and Adhering Fraction of Rain were set to No Absorption. Figure 94 
through to Figure 103 show a comparison between simulating each of the five walls using the climate data given 
in Appendix II with the rainscreen included and simulating the walls using the measured data from the rainscreen 
cavity as the external climate. 

For Walls N2 and N5, these modifications had very little impact on the simulation output, continuing to provide a 
good match with the experimental measurements. This indicated that the climate files provided a sufficiently 
accurate representation of the actual climatic conditions experienced by the wall assemblies. Similarly for Wall 
N4, there was little change in the simulation output. The simulated relative humidity at the OSB/Glass fibre 
interface showed a very slight improved match with experimental measurements (Figure 101), however the model 
still significantly overestimated the relative humidity following the water injection. 

For Walls N1 and N3, using the measured data from the rainscreen cavity (No Rainscreen) as the external climate 
resulted in an improved fit with the measured relative humidity at the OSB/Glass Fibre interface (Figure 95 and 
Figure 99). For Wall N1, the RMSD decreased from 6.0% to 4.8% and the peak in relative humidity following the 
first water injection decreased from 80.8% to 74.0% (Figure 95) to be just 2.8% above the measured value, within 
experimental uncertainty. However, using the rainscreen cavity as the external climate resulted in a slightly worse 
fit for the OSB moisture content, particularly during the first 8 months of testing, prior to water injection (Figure 
94). For Wall N3, the RMSD decreased from 7.6% to 6.1% and the peak in relative humidity following the first 
water injection decreased from 79.7% to 75.8% (Figure 99) to be 5.8% above the measured value, while there was 
only a small impact on OSB moisture content (Figure 98). The model therefore still overestimated the relative 
humidity following the water injection. 

From this analysis, it would seem that uncertainty related to the climate data cannot account for the 
overestimation of relative humidity at the OSB/Glass Fiber interface in Wall N3 and N4. 
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Figure 94. Moisture content of the OSB sheathing in Wall N1 simulated with and without the rainscreen compared to 
experimental data 

 

Figure 95. Relative humidity at the OSB/Glass Fibre interface in Wall N1 simulated with and without the rainscreen 
compared to experimental data 
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Figure 96. Moisture content of the OSB sheathing in Wall N2 simulated with and without the rainscreen compared to 
experimental data 

 

Figure 97. Relative humidity at the OSB/ocSPF interface in Wall N2 simulated with and without the rainscreen compared 
to experimental data 
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Figure 98. Moisture content of the OSB sheathing in Wall N3 simulated with and without the rainscreen compared to 
experimental data 

 

Figure 99. Relative humidity at the OSB/Glass Fibre interface in Wall N3 simulated with and without the rainscreen 
compared to experimental data 
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Figure 100. Moisture content of the OSB sheathing in Wall N4 simulated with and without the rainscreen compared to 
experimental data 

 

Figure 101. Relative humidity at the OSB/Glass Fibre interface in Wall N4 simulated with and without the rainscreen 
compared to experimental data 



 

Project number: 301014810; 301013124 89 of 111 

 

 

Figure 102. Moisture content of the OSB sheathing in Wall N5 simulated with and without the rainscreen compared to 
experimental data 

 

Figure 103. Relative humidity at the OSB/Glass Fibre interface in Wall N5 simulated with and without the rainscreen 
compared to experimental data 
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5.4 Boundary Conditions 
In WUFI, the heat transfer coefficient at the exterior side of the assembly can be either defined by the user, set to 
one of the default options or set to be wind-dependant, where a simple linear relation calculates the heat transfer 
coefficient from the wind speed in the climate file. The wind-dependant option was selected for this study. On the 
interior side, the heat transfer coefficient can either be user defined or set to a default option (External Wall, 
Partition Wall, Roof, Basement). For this study, the ‘External Wall’ option was selected with a constant thermal 
resistance of 0.125 m2K/W. The water vapour transfer coefficient is coupled to the convective component of the 
heat transfer coefficient by a linear relationship and cannot be separately defined (WUFI-Wiki, 2021). 

As described in Section 5.2.10.6, a Short-Wave Radiation Absorptivity of 0.2 was found to provide the best fit to 
experimental data. The Long-Wave Radiation Emissivity was set to the default value of 0.9, and the Ground Short-
Wave Reflectivity was set to 0.22 (Weathered Concrete) as this best represented the ground surface that 
surrounds the Test Hut. Sensitivity analysis found that varying these parameters had little impact on simulations. 

As described in Section 5.2.10.5, an Adhering Fraction of Rain of 0.05 was found to provide the best fit to 
experimental data. The Rain Exposure Factor was set to 1.0, based on a building height of less than 10 m and a 
medium exposure. The Rain Deposition Factor was set to 0.5. Details of the climate data are given in Appendix II. 

5.5 Model Limitations 
WUFI-Wiki (2021) details limitations of the model which fall into the following categories: 

• Program errors 
• Input errors 
• Insufficient knowledge of the required data 
• Limitations of the mathematical model 
• Numerical problems 
• Grid selection 
• Time step selection 

Lack of sufficient knowledge of the required data and input errors are the main two limitations that this model 
validation study aims to resolve for wood-frame buildings subject of the climatic conditions of Vancouver. The 
results of this model validation should not be seen as being perfectly precise for modelling all wood-frame 
buildings, the aim is more to demonstrate which parameters the models are most sensitive to, provide a range 
which will well represent this type of construction, and provide guidance on selection of material properties. There 
can be some variation in properties for the same material type and variations in workmanship for a particular 
building that will affect performance. 

As with all numerical models which attempt to simulate complex processes, simplifications and assumptions need 
to be made. Two simplifications have already been discussed in previous sections: The moisture storage function 
being represented by a single curve, which does not take into account hysteresis, was discussed in Section 4.4.2; 
and that air flow through material layers is not considered, except in the case of adding a heat and moisture source 
to simulate transfer from the interior or exterior environment, which was discussed in Section 5.2.11. The heat 
and moisture transfer coefficients are also necessarily applied as simplifications of complex processes related to 
air movements across the material surface and incident irradiation. Application of these are described in Section 
5.3. 
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As a one-dimensional software, WUFI Pro can obviously not take into account the effect of heat and moisture 
transfer in the vertical and lateral directions, such as in the cases of thermal bridging or rising damp. Regarding 
comparison to the experimental data from the wood-frame walls, there are several processes which are not 
captured by a one-dimensional model, which should be considered. The moisture content of the OSB measured 
by the three moisture pins adjacent to the wetting pad was used for fitting to the simulations. However, moisture 
will be transported to the sides, up and down the OSB sheathing. Similarly, moisture in the air moving through the 
glass fibre and ocSPF will distribute in three-dimensions. Additionally, the wood-frame and OSB will adsorb and 
desorb moisture. Attempts to modify the hygrothermal model using the material properties of the Glass Fibre 
insulation are examined in Section 5.2.5. However, a detailed analysis of the uncertainty related to this would 
require comparison to two- or three-dimensional models, which is beyond the scope of this study. 

WUFI allows for the selection of a course, medium or fine grid. These options were tested to examine the 
sensitivity of the models and found to have a negligible impact on the results. The grid was therefore set to 
Medium. The timestep was set to one hour as this was the same timestep used for the measured data, and 
therefore simplified analysis. 

6 CONCLUSIONS AND RECOMMENDATIONS 
This study has conducted a hygrothermal model validation of five R22 light wood-frame wall assemblies exposed 
to the Vancouver climate using experimental measurements from the FPInnovations Test Hut. It provides a set of 
validated material properties for use in hygrothermal models as well as the validated WUFI models for the five 
wall assemblies. 

The most important material property for obtaining an accurate prediction of wall assembly performance was the 
moisture storage function of the OSB Sheathing, particularly in the relative humidity range of 90% and above, 
which are also critical conditions for predicting risk of mold growth and fungal decay. As shown in Section 5.2.1.2, 
inputting insufficient validated datapoints in this region will result in a significant overestimation in the moisture 
content of the sheathing. This would lead the designer to conclude that the proposed assembly would fail when 
that was not the case, and therefore perhaps compromising on other elements of the design, such as improving 
thermal performance. 

For wall assemblies using a vapour retarding paint rather than a polyethylene vapour barrier, the permeance (Sd-
value) of the paint is a very important parameter. In this study, the manufacturer’s published values were found 
to provide a reasonable fit to experimental measurements. However, Sd-values for paint are known to vary widely 
and other factors such as workmanship can affect performance, so caution should be taken when modelling them. 
For example, if a contractor applied a thinner coat of paint than used by the manufacturer when testing the paint, 
it could result in the Sd-value provided by the manufacturer being significantly higher than the actual in-situ 
performance. As shown in Section 5.2.4.3, selecting a higher Sd-value will result in underpredicting the moisture 
content of the sheathing and relative humidity in the wood-frame cavity. This could lead the designer to conclude 
that the proposed assembly had a low risk of biodeterioration, when in reality interstitial fungal growth may 
develop that would go undetected until serious damage was done to the building. 

For accurate prediction of the moisture content of the OSB Sheathing, the next most important parameter is the 
permeance (µ-value) of the Water Resistive Barrier (WRB). Using a relative humidity dependent function rather 
than a single value was found to improve the fit to experimental measurements. Results described in Section 
5.2.2.1 showed that simply selecting the single value provided by the manufacturer would likely only change 
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conclusions on the durability of a particular design if the moisture content and relative humidity were close to 
thresholds for biodeterioration. 

For predicting the relative humidity in the glass fibre filled wood-frame cavity, the permeance (µ-value) of the OSB 
Sheathing had a significant effect. However, it proved to be difficult to obtain a good fit with experimental 
measurements as discussed further in Section 6.10. 

Various combinations of values for the adhering fraction of rain, air exchange rate in the rainscreen cavity and 
short-wave radiation absorptivity were examined, as adjusting one could affect the value which provided the 
closest fit for the others. The most significant of these was the air exchange rate in the rainscreen cavity as 
selecting a value below around 50 ACH resulted in an unrealistically high moisture content in the sheathing and 
moisture content in the wood-frame cavity. Selecting an adhering fraction of rain below 0.05 gave a worse fit for 
the relative humidity in the rainscreen but an improved fit for the moisture content of the sheathing, so this value 
provided an optimum balance. 

The following sections summarize the key findings of the study and further expand on the parameters to which 
the model was found to be most sensitive. 

6.1 Moisture Storage Function of OSB Sheathing 
Selection of Moisture Storage Function for the OSB sheathing is an important parameter for predicting risk of 
moisture related problems to wood-frame wall assemblies. Analysis was divided into two sections: from 0% to 
≈95% relative humidity, referred to as the hygroscopic region, and above ≈95%RH, referred to as the capillary 
region. 

To improve the correlation between the simulated and experimental results a simple ‘inverse modelling’ method 
was used, whereby the experimental measurements of the moisture content and relative humidity of the OSB 
were plotted against each other, and a range of moisture storage functions developed from the results. It was 
only possible to use this method for the hygroscopic region as the highest measured relative humidity was 95%. 

Although the same type of OSB was used in all assemblies, some differences were found in the moisture storage 
function that provided the best fit to the experimental measurements. Sensitivity analysis revealed that using a 
function with higher moisture contents provided a better fit with experimental measurements for wall assemblies 
using a vapour-retarding paint with north facing aspects. The wall assemblies that used a Vapour Retarding Paint 
(VRP) had a higher relative humidity in the wood-frame cavity and a higher OSB moisture content with greater 
fluctuations than those with a polyethylene Vapour Control Layer (VCL). Additionally, north-facing walls tended to 
have higher moisture contents due to lower levels of solar irradiation and therefore lower evaporation to the 
exterior. It therefore appeared that the conditions to which the OSB was exposed affected which moisture storage 
function provided the best fit to experimental measurements. 

The typical shape of the moisture storage function of wood products (Figure 5 and Figure 6) shows the greatest 
change in moisture content around 95%RH upwards in the transition from the hygroscopic region to the capillary 
region. These are also the conditions which can give rise to mold growth and biodeterioration. The selection of 
these values is therefore critical for accurately predicting the durability of building envelopes. Sensitivity analysis 
revealed that it was important to have sufficient validated datapoints in this region to properly represent the 
performance of the OSB sheathing. For the validated moisture storage function, nine moisture contents were 
entered between 95%RH and 100%RH (Table 9, Figure 6). 
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6.2 Water Vapour Permeance of Vapour Retarding Paints 
To simulate the paint applied to the interior surface of the wall assemblies, it was found that the best approach 
was to assign an Sd-value to the interior surface. Four paints were used in the testing; Walls 1, 3 and 4 had a latex 
paint applied to the interior of the wallboard and Wall 5 had a vapour-retarding paint (VRP3) applied to the 
wallboard. On installation, Wall 2 had a vapour-retarding paint (VRP1) applied to the interior surface of the spray 
foam, then the same latex paint applied to the interior of the wallboard as Walls 1, 3 and 4. After the first year of 
testing another vapour-retarding paint (VRP2) was applied over the top of the latex paint. Sensitivity analysis 
showed that an Sd-value of 0.8 m provided the best fit for VRP3, which was a little higher than specified by the 
manufacturer. Prior to the application of VRP2, the best fit for Wall 2 was an Sd-value of 0.2 m. This was 
significantly less than the manufacturer’s value for VRP1, however, this paint was applied to the spray foam not 
the interior surface of the wallboard, so is not directly comparable. Therefore, the Sd-value of 0.2 m perhaps 
better represented the latex paint. Sensitivity analysis was conducted on the latex paint applied to Walls 1, 3 and 
4, however, as the polyethylene VCL had a very high water vapour diffusion resistance (μ) the model was not 
sensitive to variation in the Sd-value. For VRP2, a Sd-value of 5.6 m was found to provide a good fit to the 
experimental results, which was similar to the value specified by the manufacturer. 

When modelling wood-frame wall assemblies which use vapour-retarding paints in place of a membrane, some 
caution is needed. It is possible that the actual performance will differ from the manufacturer’s specification, with 
either a higher or lower permeance. This could be the result of differences in workmanship, such as the thickness 
and evenness of the coats. It is therefore recommended that when modelling such assemblies, a range of Sd-
values be estimated for the paint and that several simulations conducted to determine the potential effect of 
variability in Sd-values. 

6.3 Water Vapour Permeance of Foil-Faced Polyisocyanurate Foam 
Insulation 

The most surprising result from the sensitivity analysis was the low water vapour diffusion resistance (μ) found to 
give the best fit for the foil-faced polyisocyanurate external insulation, which at 90 was a 97% decrease on the 
manufacturer’s value. This may be the result of water vapour bypassing the foil-facer around the edge of the 
insulation boards. It could also be the result of multiple perforations in the foil made when attaching the furring 
to the exterior of the assembly before adding the siding. 

It is therefore recommended that the risk of water vapour bypassing foil-facers be considered by designers and 
hygrothermal modellers, when assessing durability and risk of biodeterioration of materials. 

6.4 Water Vapour Permeance of the OSB Sheathing 
The water vapour diffusion resistance (µ) of OSB decreases as relative humidity increases. Comparison of previous 
laboratory measurements of µ as a function of relative humidity for different OSB Sheathing products indicated 
that material density could be used to estimate the function for a particular product, with lower density OSB 
having a lower µ-value. 

A function estimated by this method provided a good fit for the OSB moisture content. However, for the wall 
assemblies using a polyethylene VCL, sensitivity analysis could not significantly improve the fit between the 
measured and simulated relative humidity at the inside surface of the OSB Sheathing. Increasing the µ-value was 
found to decrease the relative humidity to be overall closer to the measured values, however, it also decreased 
fluctuation in the relative humidity giving a worse fit with the measured rate of change in relative humidity. In 
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addition, increasing the µ-value decreased the OSB moisture content, so as to give a worse fit to experimental 
measurements. 

As laboratory experiments have clearly shown that the water vapour diffusion resistance of OSB decreases as 
relative humidity increases, it is recommended that a relative humidity dependent function be used, which can be 
estimated from the material density. 

6.5 Water Vapour Permeance of Membranes 
For the Water Resistive Barrier (WRB), sensitivity analysis showed that using a water vapour diffusion resistance 
function that varied with relative humidity improved the fit with experimental data when the assemblies 
experienced higher levels of humidity and moisture content following the water injections. 

Variation in the water vapour diffusion resistance factor of the polyethylene Vapour Control Layer (VCL) within 
published values was found to have little impact on the model. The higher end of the range provided is slightly 
better fit and increasing it beyond that point had almost no effect. 

6.6 Thermal Properties 
For the thermal conductivity, sensitivity analysis was primarily focused on obtaining a close fit between simulated 
and measured temperature difference across the insulation materials. However, the effect on temperature, 
relative humidity and moisture content across the wall assemblies was also considered. No assessment of effective 
R-values or U-values was conducted as part of this study as no heat flux measurements were conducted. 

In the context of assessing durability of the wall assemblies, sensitivity analysis showed that applying the 
manufacturer’s published values was sufficient for providing a good correlation between simulated and measured 
values. Using temperature dependent thermal conductivity functions was found to have little impact on 
simulation results. However, as the wall assemblies were located in Vancouver they were not exposed to a wide 
range of temperatures. The maximum and minimum external temperatures during testing were 28°C and -8°C and 
the mean temperature was 9°C, which is much milder than other locations in Canada. 

Over the temperature range to which the insulation materials were exposed there is not a significantly large 
change in thermal conductivity. This is illustrated by Figure 47 for the XPS insulation and Figure 54 for the 
polyisocyanurate insulation. However, in other locations in Canada this may not be the case. In locations with 
more extreme temperatures, the input of temperature dependent thermal conductivity functions will likely be 
required to obtain accurate results. 

Simulated temperatures were generally found to fluctuate over a greater range than the measured data. This 
could be partly the result of measurement uncertainty; however, it could also be due to heat transfer into the 
wood-frame reducing temperature fluctuation. It was possible to decrease simulated temperature fluctuations in 
the wood-frame cavity by increasing the specific heat capacity of the glass fibre. However, to have a significant 
impact required increasing it far beyond what was physically appropriate (Figure 35). 

6.7 Air Exchange in the Rainscreen Cavity 
To model the rainscreen cavity, an air layer was selected from the WUFI database with an air change source added to 
define the heat and moisture exchange with the exterior environment. An Air Change per Hour of 100 ACH was found 
to provide the best overall fit for all wall assemblies, which was consistent with the findings of previous studies. 
However, any rate above 50 ACH provided a reasonable fit. Selecting 10 ACH resulted in an unrealistically high moisture 
content in the sheathing and moisture content in the wood-frame cavity. 
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6.8 Adhering Fraction of Rain 
An Adhering Fraction of Rain of 0.05 was found to provide a good overall fit for the external surface of the Painted 
Engineered Wood Siding. However, increasing the fraction to closer to the WUFI default setting of 0.7 for vertical 
walls had only a small effect on model output. 

6.9 Short-Wave Radiation Absorptivity 
To determine the best fit for the Short-Wave Radiation Absorptivity the external surface of the Painted Engineered 
Wood Siding, sensitivity analysis focused on the south-facing walls since they received direct solar irradiation. A 
value of 0.2 was found to provide a good fit for all wall assemblies, which is consistent with a light-coloured paint. 
This was most apparent at lower sheathing moisture contents of around 10% or lower. 

6.10  Model Limitations 
The WUFI model tended to overestimate the relative humidity in the glass fibre filled wood-frame cavity when 
using a very low permeance polyethylene Vapour Control Layer (VCL). 

To attempt to reduce the discrepancy between simulated and measured relative humidity in the glass fibre filled 
wood-frame cavity in Walls 1, 3 and 4, sensitivity analysis was conducted on multiple combinations of model 
parameters including, varying the water vapour permeability of the WRB, VCL, and OSB sheathing, the thermal 
properties and water vapour permeability of the glass fibre insulation and air change rate in the rainscreen cavity. 
However, it was not possible to bring the simulated relative humidity within experimental error of measured 
values, which suggested that another factor not captured by the model could provide the solution. It was 
hypothesised that one factor could be that, as the WUFI model is 1-dimensional it will not consider moisture 
transfer in the vertical or lateral directions through the OSB Sheathing or in the glass fibre filled wood-frame cavity, 
which may be more prominent when moisture transfer to the interior is blocked by a polyethylene VCL. However, 
further analysis using a 3-dimensional model would be required to test this, which is beyond the scope of this 
study. 
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8 NEXT STEPS 

• Validate hygrothermal modeling with field measurement results 
• Provide recommendations to improve the design and construction of energy efficient wood-frame 

buildings in collaboration with RDH Building Science and BC Housing 
• Disseminate information in the building science community 
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APPENDIX I: VALIDATED MATERIAL PROPERTIES 

Table 3. Temperature dependent thermal conductivity of closed-cell foam insulation 

Temperature (°C) 
Thermal Conductivity (W/mK) 

Extruded Polystyrene Polyisocyanurate 
-10 0.0249 0.0255 
-5 0.0254 0.0240 
0 0.0259 0.0229 
5 0.0265 0.0222 

10 0.0271 0.0218 
15 0.0277 0.0217 
20 0.0284 0.0219 
25 0.0290 0.0223 
30 0.0296 0.0229 
35 0.0303 0.0237 
40 0.0310 0.0246 
45 0.0316 0.0256 

 

Table 4. Temperature dependent thermal conductivity of other materials 

Material 
Thermal Conductivity Thermal Conductivity 

at 10°C (W/mK)  Supplement (W/mK2) 
Glass Fibre Batt 0.0360 0.0002 
Stone Wool Board 0.0334 0.000137 
Open-Cell Spray Polyurethane Foam 0.0353 0.000224 
OSB Sheathing 0.076 0.000215 
Engineered Wood Siding 0.076 0.000238 
Gypsum Wallboard 0.16 0.0002 

 

Table 5. Moisture storage function of stone wool board 

Relative Humidity (-) Moisture Content (kg/m3) 
0.0 0.00 
0.1 0.01 
0.5 0.1 
0.8 0.39 
0.9 0.85 

0.93 1.20 
0.95 1.64 
0.97 2.50 
0.98 3.37 
0.99 5.10 

0.999 9.30 
1.0 10.20 
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Table 6. Moisture storage function of glass fibre batt 

Relative Humidity (-) Moisture Content (kg/m3) 
0.0 0.00 
0.2 0.070 

0.51 0.099 
0.74 0.111 
0.88 0.194 
0.95 0.419 
1.0 0.660 

 

Table 7. Moisture storage function of open-cell spray polyurethane foam 

Relative Humidity (-) Moisture Content (kg/m3) 
0.0 0.00 
0.1 0.006 
0.5 0.054 
0.8 0.21 
0.9 0.45 

0.97 1.33 
0.99 2.67 

0.999 4.81 
1.0 5.27 

 

Table 8. Moisture storage function of closed-cell foam insulation 

Relative Humidity (-) 
Moisture Content (kg/m3) 

Extruded Polystyrene Polyisocyanurate 
0.0 0.00 0.00 
0.3 0.125 0.63 
0.5 0.180 0.84 
0.7 0.202 1.26 
0.8 0.215 1.68 
0.9 0.230 2.51 

0.92 0.234 2.79 
0.95 0.239 3.35 
0.98 0.244 4.19 
0.99 0.280 5.00 

0.995 0.50 6.00 
0.997 1.00 7.00 
0.999 7.09 17.49 

1.0 13.98 28.09 
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Table 9. Moisture storage function of the wood products 

Relative Humidity (-) 
Moisture Content (kg/m3) 

OSB 15% OSB 25% OSB 50% Wood Siding 
0.0 0.00 0.00 0.00 0.00 
0.2 19.63 19.63 19.63 30.19 
0.5 38.24 39.86 43.91 52.66 
0.7 55.80 59.00 67.00 83.36 
0.8 70.40 74.00 83.00 115.21 
0.9 90.90 94.50 103.50 184.12 

0.92 96.33 99.88 108.75 208.87 
0.94 103.18 106.63 115.25 241.21 
0.95 110.77 113.96 121.92 266.26 
0.96 128.20 132.29 142.51 297.26 
0.97 176.37 176.37 176.37 336.42 
0.98 231.53 231.53 231.53 387.44 
0.99 337.88 337.88 337.88 456.67 

0.995 440.19 440.19 440.19 501.46 
0.997 501.70 501.70 501.70 524.29 
0.999 584.30 584.30 584.30 582.84 

1.0 799.16 799.16 799.16 704.02 
 

Table 10. Water vapour diffusion resistance factor as a function of relative humidity 

Relative Humidity (-) 
Water vapour diffusion resistance factor (-) 

OSB Wood Siding Gypsum Wallboard 
0.0 410.0 1797 12.01 
0.1 386.0 1605 12.01 
0.2 352.9 1209 11.44 
0.3 310.0 807 10.88 
0.4 258.8 510 10.31 
0.5 203.4 317 9.75 
0.6 150.1 198 9.19 
0.7 104.5 124 8.62 
0.8 69.4 79 8.06 
0.9 44.5 50 7.50 

0.94 36.9   
0.99 29.0   
1.0 27.7 32 6.93 

 
 
 
 
  



 

Project number: 301014810; 301013124 103 of 111 

 

Table 11. Water vapour diffusion resistance factor as a function of relative humidity 

Relative Humidity (-) 
Water vapour diffusion resistance factor (-) 

SBPO XPS ocSPF 
0.0 2539 98.4 6.58 
0.1 1615 94.6 6.52 
0.2 1163 90.7 6.44 
0.3 894 86.7 6.31 
0.4 716 82.6 6.13 
0.5 590 78.4 5.85 
0.6 495 74.2 5.46 
0.7 422 70.0 4.92 
0.8 363 65.8 4.24 
0.9 316 61.7 3.44 
1.0 276 57.7 2.56 

 

Table 12. Water vapour diffusion resistance factors 

Material Water vapour diffusion resistance factor (-) 
Polyethylene VCL 560000 
Glass Fibre Batt 1.8 

Stone Wool Board 2.88 
Polyisocyanurate 90 

 
Table 13. Water absorption coefficients 

Material Water absorption coefficient (kg/m2s½) 
Engineered Wood Siding 0.00072 

OSB Sheathing 0.0022 
 

Table 14. Rainscreen properties 

Property  
Adhering fraction of rain 0.05 

Short-wave radiation absorptivity 0.2 
Air change in rainscreen cavity 100 ACH 

 

Table 15. Sd-values of interior paints 

Material Sd (m) 
Latex Paint 0.2 

Vapour Retarding Paint 2 5.6 
Vapour Retarding Paint 3 0.8 
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APPENDIX II: CLIMATE DATA 
Weather Stations 

Weather data was collected using a station mounted on the test hut, which recorded air temperature, relative 
humidity, atmospheric pressure, global short-wave radiation, rainfall, and wind speed and direction. This was 
recorded from December 2018 to May 2019, so did not cover the full length of the test period, which continued 
to May 2020, crucially including the periods when water was injected behind the WRB. Furthermore, there were 
some gaps in the data, the longest being nine days, but also several periods of one, two or three days. To produce 
a complete climate file for input into the model to cover the whole test period, secondary weather data sources 
were used to estimate the conditions. Moreover, as the cloud index had not been measured it had to be obtained 
from another source. 

The nearest Environment Canada weather stations to the FPI test site are Vancouver Airport (≈8 km South-East), 
Point Atkinson (≈7 km North) and Vancouver Harbour (≈9 km East), however the Harbour station only records 
temperature and relative humidity, Point Atkinson additionally records atmospheric pressure, wind speed and 
direction, while Vancouver Airport also includes rainfall and cloud index. To begin with, these datasets were 
compared to the data from the FPI test site and different methods used to find a correlation between the datasets 
in order to fill the gaps in the climate files. In an effort to find a local data source for global short-wave radiation, 
a further weather station was located on the University of British Columbia (UBC) campus. This weather station 
recorded air temperature, relative humidity, global short-wave radiation, rainfall, wind speed and direction, and 
being much closer to the FPI test site was more likely to better represent the same conditions. However, this UBC 
dataset also had some gaps. 

Weather Data Analysis and Processing 

This section describes how the secondary weather station data was used to fill the gaps in the FPI weather data 
and to also cover the final year of testing where no data was recorded on site. 

For the air temperature, there was a strong match between FPI measurements and those from UBC campus so 
they could be used as a direct substitute. In the case of any remaining gaps a correlation to the Vancouver Airport 
data was used, whereby a linear relationship was found between the two datasets. 

For the relative humidity, the UBC data was generally higher than the FPI data often giving values over 100% 
suggesting it was not calibrated, however the trends were the same. Therefore, a linear relationship was found 
between the two datasets and the resulting equation used to estimate the RH. In the case of any remaining gaps 
the same method was used with the Vancouver Airport data. 

For the global radiation, the UBC data followed the same trends to the FPI data but with lower levels of irradiation. 
However, during the night it showed values between 1 and 2 W/m2, whereas the FPI weather station recorded 
zero. A linear relationship was therefore determined by excluding the nighttime data to estimate global radiation 
values. For the three days where there was no data available, a rough correlation to the Vancouver Airport cloud 
index was used. Nighttime values were set to zero. 

For wind speed, it was found that it was easier to correlate datasets by distribution, whereby data were sorted 
from low to high windspeed. The relationship between Vancouver Airport and FPI datasets was found to be best 
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described by a second order polynomial, and between the UBC and FPI datasets a fourth order polynomial. The 
Vancouver Airport correlation was found to provide the best match so was used to estimate wind speed. 

Analysis of the wind direction data recorded by the FPI weather station showed that the prevailing wind on-site 
was from the South and SSE, with 25% of the wind coming from those directions. Wind also often came from the 
NW and NNW at 16% of the monitored time period. The prevailing wind in Vancouver is from the East, as shown 
by analysis of the Vancouver Airport and UBC datasets, which both had the most wind coming directly from the 
East, 24% and 25% over the same time period respectively. The Test Building is located on the west side of the 
main FPI laboratory and office building, which therefore blocks the prevailing east wind. There are no buildings on 
the south side, it therefore seems likely that the east wind is funneled through the south opening. In order to use 
the Airport and UBC weather data to estimate wind direction on-site, it was found that adjusting the Airport data 
by 90° when the wind was coming from the East and SE, and otherwise using the UBC data, provided an improved 
match to the FPI wind distribution. 

For the rainfall data, periods of rainfall were similar between datasets however, there was no clear correlation for 
quantities. A similar distribution method was used to the analysis of the wind speed, which showed a weak trend 
towards there being a positive relationship of lower to higher levels of precipitation in the three datasets. 
Therefore, in each case a linear relationship was used to estimate values and an average taken of the results of 
both. 

For atmospheric pressure, the Vancouver Airport data were almost identical to the FPI data so could be used as a 
direct substitute. 

For the cloud index, there was only one data source, Vancouver Airport. In contrast to the other data, which were 
logged hourly, the cloud index was measured every three hours. Therefore, it was simply assumed that the hour 
before and after were equal to each measurement. 

Indoor conditions were measured throughout using a precision temperature and relative humidity sensor. 

Figure 104 though to Figure 112 show a summary of the of the final set of weather data used to create the WUFI 
climate files. WUFI provide a ‘Create Climate File’ spreadsheet downloadable from their website (WUFI-Wiki, 
2021) which uses a macro to convert weather data into a file readable by the WUFI software. This spreadsheet 
was therefore used to produce climate files from the processed weather station data, with care taken to ensure 
the units were correct. 
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Figure 104. External air temperature 

 

Figure 105. Internal air temperature 
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Figure 106. External relative humidity 

 

Figure 107. Internal relative humidity 
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Figure 108. Global short-wave radiation 

 

 

Figure 109. Rainfall 
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Figure 110. Directional frequency of wind 

 

Figure 111. Directional wind speed frequency within defined boundaries 

 



 

Project number: 301014810; 301013124 110 of 111 

 

 

Figure 112. Atmospheric pressure 

Initial Conditions 

To select the initial conditions of the materials, prior to when the measurements were made, a ‘warm-up’ period 
of 9 months was inserted in both the indoor and outdoor climate files. For this period, all climatic conditions were 
set to constant values. External air temperature was set to 10°C and internal air temperature was set to 21.5°C 
(close to the initial measurements). Atmospheric pressure was set to the standard 1013 hPa, and except for 
relative humidity, the other conditions were set to zero. Both the internal and external relative humidities used 
for this ‘warm-up’ period were selected for each wall system model through sensitivity analysis to determine 
which value provided the closest fit to the measured initial conditions. 

This method of producing the conditions of the materials, prior to when the measurements were made, means 
that the selection of the initial conditions in the WUFI model are not important as 9 months was sufficient time 
for an equilibrium to be established across the wall, however when running the model, the Initial RH of all 
materials was set to be the same as the external ‘warm-up’ RH. 

Liquid Water Penetration 

Three periods of water injection were used in the experimental work to simulate the effect of water infiltration 
into the wall systems, towards the end of July 2019, mid-November 2019, and the end of January 2020 (Figure 
112). Water was injected twice a day in July and once a day in November and January, 20 ml each time. As the 
wetting pad was 0.0715 m2 and the timestep of the simulation 1 hour this equated to a moisture source of 77.7 
mg/m2s per injection. Injections of 20 ml were selected as preliminary testing showed that this was the maximum 
that could be absorbed by the wetting pad. 
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Figure 113. Moisture source file used to simulate experimental water injection 
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