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Abstract 

This paper describes the development of a calibrated 

hygrothermal model utilizing in-situ data. The model can 

then be used to assess the performance and suitability of 

two different retrofit panel designs for a community 

centre, which has a corrugated steel siding envelope, 

located in L'Île-Bizard-Sainte-Geneviève, an island in 

Montreal, Quebec, Canada. In-situ data from two, 3 m by 

3 m test walls, with sensors installed throughout, is 

utilized to calibrate the hygrothermal WUFI model 

leveraging differential evolution methods. To minimize 

the residual error between the measured and simulated 

data, an objective function utilizing the Huber loss 

function was generated for the relative humidity in the 

layers of each wall assembly. The calibration process 

adjusts the air exchange rates, locations, and direction 

within the assembly. This calibration process was shown 

to improve agreement for relative humidity with the 

measured data by 30% when compared to the average 

simulation results from five different engineers. The 

calibration process was successful and through the 

calibrated models it was determined neither retrofit panel 

poses a mould risk. 

Key Innovations 

• Case study for an overclad building envelope retrofit 

for a community center in Canada 

• A simpler calibration methodology is proposed for 

hygrothermal models utilizing air exchange rates 

Practical Implications 

This research provides insight into the effect of assumed 

air exchange rates in hygrothermal models. A calibration 

method is presented that improves model agreement by 

identifying air exchange rates, within expected bounds for 

different material layers. This simplified calibration 

method ensures a hygrothermal model is within 

reasonable agreement to measured data. Improving 

hygrothermal model accuracy to practical conditions can 

increase confidence with retrofit techniques and designs, 

allowing for more project to commence. 

Introduction 

Globally there is an increasing demand for improving 

building envelope performance to decrease energy 

consumption and reduce greenhouse gas (GHG) 

emissions (International Energy Agency [IEA], 2020). 

Improving the building envelope also increases occupant 

comfort and adds longevity and resilience to the structure 

(Ismaiel et al., 2023). While new construction buildings 

conform to modern day building and energy codes, over 

65% of existing buildings in Canada do not, as they were 

constructed prior the adoption of energy standards into the 

building code (Natural Resources Canada [NRCan], 

2020; 2023). Many existing buildings are in a state 

requiring repairs to the building envelope, providing an 

opportunity to perform a deep energy building envelope 

retrofit, which would improve the performance, reduce 

energy consumption, and provide future resiliency 

(Zhivov & Lohse, 2021). Buildings that are not currently 

in a state of repair will likely be within the next few 

decades (NRCan, 2024). It is not economically feasible to 

tear down and rebuild aging buildings, nor is it practical 

from a resource standpoint. In Canada, it is estimated to 

take 60 years to rebuild the current building stock 

requiring repairs. This duration is on top of the current rate 

of new homes being build, which itself is not at a quick 

enough rate for the Canadian market and needs to at least 

double to reach housing availability goals by 2030 

(NRCan, 2024). The requirement of developing methods 

for scalable, effective, and efficient building envelope 

retrofits is apparent and the demand is growing. 

Retrofitting a building envelope to increase thermal 

performance of the building typically reduces the air 

exchange rates between the indoor and outdoor air, 

consequently decreasing space conditioning loads. 

However, with the reduced rate of air leakage, certain 

constructions with moisture sensitive materials may be at 

higher risk of mould developing within the building 

envelope (Brambilla & Sangiorgio, 2020). It is important 

that a building envelope retrofit is assessed for 

hygrothermal performance to limit any risk associated 

with mould growth and ensure a safe construction. 

Hygrothermal modelling is typically utilized during the 

design phase for wall constructions to assess performance 

and overall moisture risk. In overclad retrofit applications, 

where a panel is attached to the exterior of an existing 

building, initial hygrothermal models may not accurately 

assess the existing building’s conditions or that of the 

retrofit panel. There are a variety of input parameters and 

boundary conditions for a hygrothermal model that 

greatly affect the results, which may lead to a panel 

assumed to be ‘safe’ via modelling to perform worse then 

expected due to factors not considered within the model. 

The monitoring and modelling of retrofit designs can be 

critical to the accuracy of their hygrothermal 

performance, to ensure proposed designs are safe and 

suitable before being widely implemented.  
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In Australia, it has been found that one in three homes are 

affected by mould growth due to moisture (Brambilla et 

al., 2022; Parliament of Australia, 2018). Mould growth 

has proven to provide negative health effects and research 

is being conducted to determine ways building regulations 

can reduce its prevalence. Hygrothermal modelling is a 

critical tool in assessing any design changes and 

suitability of current constructions. However, as 

hygrothermal modelling results can vary significantly 

based on user input it is important these models are 

calibrated based on measured data (Nath et al. 2020). 

Significant research is being performed in Australia, 

Canada, and various other countries, by using 

hygrothermal simulation to assess building envelope 

performance and retrofit designs. However, there is 

limited research that calibrates hygrothermal models to 

measured data from practical applications of the retrofit 

assembly. Calibration is a critical step for hygrothermal 

models because parameters such as air exchange rates, 

initial moisture conditions, or even wind driven rain have 

varying suggested ranges in literature that can greatly 

affect model results, especially in sensitive constructions. 

Stochastic modelling is an alternative to using monitored 

data to assess the impact the range parameter values have 

on the building envelopes hygrothermal performance 

(Pour et al., 2024). The stochastic modelling approach 

would perform simulations over a range of different 

parameter values and statistically determine the most 

likely performance and mould risk of the assembly. This 

approach is useful when monitored data is not available 

and for determining confidence intervals. However, it 

remains limited to the range of conditions considered for 

the simulation, where additional factors may not be 

known or considered. The factors not considered can be 

due to novel approaches or methods not commonly 

utilized, such as overclad brick veneer or a steel structure. 

Differences in as-designed to as-built conditions can also 

cause variance in what is expected in an assembly to what 

present. A stochastic model may consider a variety of 

weather conditions, but deviations in weather sources can 

also impact the results generated from hygrothermal 

simulations (McNally et al., 2024). Hygrothermal 

modelling software is also limited in its accuracy to 

determine conditions affecting the building such as wind 

driven rain (WDR), where actual WDR loads are often 

poorly predicted (Dang et al., 2024). Stochastic models 

are suitable for determination of design suitability, but a 

monitored calibrated model can be a better indication of 

real-world performance of a retrofitted building envelope. 

A study performed by Dang et al. (2024) investigated how 

user inputs affect the variability of hygrothermal 

simulation results. 41 engineers were asked to model a 

controlled climate chamber with prescribed boundary 

conditions, without access to measured data or specific 

material properties. Material data was derived from 

manufacturer datasheets and available databases, while 

boundary conditions were assumed by the user. The study 

identified variability in the results, especially of the 

moisture content, which was up to three times higher than 

the measured values. The authors concluded that user 

bias, personal preference, and errors in selecting input 

parameters can critically affect simulation outcomes. 

They emphasize the importance of validating and 

calibrating hygrothermal models with measured data.  

This paper analyzes the hygrothermal performance of two 

retrofitted in-situ test walls to test their suitability as a 

retrofit solution for a community centre in Montreal, 

Canada. The study compares the deviation between 

measured and simulated relative humidity across wall 

layers using several modelling approaches. An initial 

model is developed following ‘best modelling practices’ 

from literature. Then a visually calibrated model is 

developed, where input parameters are adjusted based on 

graphical comparison with measured data. A statistically 

calibrated model is then created by refining air exchange 

rates to minimize deviation with the measured data. The 

modelled results are then compared to models developed 

by five engineering colleagues, who received the visually 

calibrated model and were permitted to only adjust air 

exchange rates and moisture sources. The objective of this 

research is to determine the suitability of the proposed 

retrofit panels and quantify the model’s increased 

agreement with measured data through a simplified 

calibration approach. 

Methods 

The community centre in Montreal is a corrugated steel-

skin structure that is approaching the end of its useful life 

and requires significant repairs to the building and roof, 

necessitating a durable and resilient retrofit. The 

community centre acts as an emergency shelter for the 

community in the event of a natural disaster and has many 

programs throughout the day. Due to the importance of 

the building to the community, it is important that the 

retrofit construction minimizes building downtime, which 

is why an overclad retrofit approach is utilized. The 

design fastens a retrofit panel to the existing steel façade 

and ties back into the buildings steel framing. Two retrofit 

panels are being considered for this retrofit, a wood fibre 

structurally insulated panel (SIP), which uses a semi rigid 

wood fibre insulation sandwiched between two oriented 

strand boards (OSB), with vinyl clad rainscreen. The other 

panel considered uses rockwool insulation with a ZIP 

sheathing system, which consists of a sheathing integrated 

air and water-resistive barrier (SI-AWRB), and a steel 

clad rainscreen. 

Experimental Set-up 

The two retrofit panels were installed over a 

representative construction of the community centre’s 

existing envelope. This total wall assembly consisting of 

the base wall and retrofit panel for each case was installed 

within the 3 m by 3 m in-situ openings at the research 

facility. The installed panels are shown in Figure 1. 
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Figure 1: Installed in-situ retrofit walls; SI-AWRB panel 

(left) and wood fibre (right). 

The panels were installed so their façade would be flush 

with the research building’s existing façade, allowing 

exposure of the wall to outdoor conditions, while the 

interior conditioned lab air is exposed to the backside of 

the assembly. The walls had a ventilated rainscreen with 

the SI-AWRB panel faced with metal sheeting and the 

wood fibre panel faced with vinyl siding. The panels are 

oriented due south with no immediate obstructions, 

allowing for full exposure to sunlight, wind, and rain.  

Hygrothermal Model 

A 1D hygrothermal model was developed in WUFI Pro to 

assess each wall assembly. The installed walls were 

instrumented with temperature, humidity, and heat flux 

sensors. Measurement locations on the in-situ walls were 

mirrored in the model by creating a monitored points at 

the same locations, so the data can be compared across 

multiple layers of the building envelope. Figure 2 and 

Figure 3 provide a diagram for the SI-AWRB and wood 

fibre wall assembly, their material layers in order from 

outside to inside, layer thickness, and location of 

measurement points. Note the wall diagrams are not to 

scale. The air gap located between the retrofit panel and 

base construction is due to the depth of the corrugations 

of the base building façade. 

In both Figure 2 and 3, the measurement points for the 

temperature and humidity are provided by the prefix M-. 

Each of the measurement locations had a physical sensor 

fixed between the material layers within the clear field. 

Physical sensors were positioned between the material 

layers and in the center of the air cavities, while model 

measurement points were positioned at the material 

surface indicated by arrows and in the center of the air 

cavities, indicated by Figures 2 and 3. The sensors were 

located approximately within the centre of the clear field, 

for each 3 m by 3 m wall, where the vertical sensor 

position in Figures 2 and 3 are not to scale, but are for 

clarity. Locations where air exchange were considered 

within the assembly due to leakage from gaps in the 

construction or by typical means are shown by the prefix 

A-. After installation there were some minor areas around 

the panels moving air could be felt despite best efforts to 

tape and seal the panel boundaries and sensor wire runs. 

Suitable material properties were located within the 

WUFI database for each material and the air layers 

utilized the built in - air layer (without additional moisture 

capacity). 

Additional model parameters utilized in the simulation 

based on building geometry and site conditions are a rain 

exposure factor (FE) of 0.7, rain deposition factor (FD) of 

0.35, initial RH and temperature of materials of 42% and 

23°C. The building materials were stored inside the 

research facility for a long period of time at relatively 

constant conditions, so it was assumed they reached 

equilibrium with interior conditions at the time of 

installation. Initially a rain load of 1% of the wind driven 

rain (WDR) was deposited to the back of the cladding as 

prescribed by ASHRAE Std. 160 (2021). After analyzing 

the measured data for the rain screen and outer layers it 

was assumed that the WDR rain load within the rainscreen 

previously assumed was significantly higher than 

experienced and was removed. The weather data was 

collected from Environment Canada for a local station 

during the assessment period in an hourly time step 

(Environment Canada, n.d.). Solar radiation data and 

cloud conditions were collected from NASA POWER 

(NASA, 2024). Initial air exchange rates in the ventilated 

rainscreen were assumed to be 50 ach based on suggested 

rates from literature (Straube & Finch, 2007). 

Calibration Methodology 

The process to calibrate the hygrothermal retrofit model 

began utilizing a method from McNally et al. (2024) that 

altered the air exchange rates and exposure factor for an 

overclad retrofit pilot project in Ottawa. This iterative 
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visual approach was able to achieve a root mean squared 

error (RMSE) of 5.69 for the moisture content in the layer 

of interest and most at risk for mould growth, the inner 

OSB layer of a SIP. 

The initial WUFI model for the SI-AWRB and wood fiber 

(WF) panel was iterated to test effects of different location 

of air exchange, rates, and direction within the assembly 

to test which conditions would be most likely to occur 

based on the measured data. As previously mentioned, the 

measured data indicated a drier rainscreen and outer 

layers then estimated by the model so the rain source 

within the rainscreen was omitted, increasing model 

agreement to the measured data. Additionally, the 

research lab’s building was noted to have high ventilation 

rates and positive pressure so it was assumed the assembly 

air cavity closest to the interior would have air exchange 

with the interior condition. The model confirmed this 

assumption with the improvement of the visual agreement 

with the measured data for this air cavity, A6. Other air 

layers were tested within the assembly at sensor locations 

and directions of their air exchange were also tested. This 

preliminary check showed it was not likely that interior 

air exchange occurred past the vapor barrier at any 

significant rate. In all cases it appeared that introducing a 

5 mm air cavity, to interact with adjacent surfaces and 

determine the humidity of the air at the locations of the 

RH sensors, improved model agreement; shown as A2 

and A5 for the SI-AWRB panel and A2, A3, and A4 for 

the WF panel in Figure 2 and 3. This could be due to the 

RH sensors measuring the RH of the air surrounding the 

sensor while between material layers and not specifically 

the RH of the air within the materials themselves. Using 

these improvements to the model and greater visual 

agreement, further calibration was desired by utilizing a 

statistical approach to determine the air exchange rates 

within the assembly. Air exchange rates within building 

envelopes can be difficult to obtain accurate 

measurements and are largely assumed based on case 

studies quantifying expected ranges for different 

construction configuration. A calibration methodology 

was developed, shown in Figure 4, to minimize the error 

between the simulated and measured RH for the layers 

measured and indicated for each panel in Figure 2 and 3.    

 

Figure 4: Calibration methodology for selecting air 

exchange rates. 

Python code was developed that utilizes a differential 

evolution function to iteratively loop through various air 

exchange rates within the model until satisfactory 

agreement is reached or the maximum number of 

simulations is reached. This approach uses a global search 

to minimize the objective function, which in this 

application was the Huber Loss function. After each 

execution of the WUFI model, the residual error between 

the measured data and simulated data was calculated at 

each timestep. Then the Huber Loss was calculated for 

each layer, then summed and passed as a total value to the 

differential evolution function. This process could be 

adjusted to improve agreement for a single layer of 

interest, but in this case multiple layers were considered 

simultaneously. The Huber Loss function, 𝐿𝛿(𝑟), is given 

as Equation 1: 

𝐿𝛿(𝑦 − 𝑦̂) = {

1

2
𝑦 − 𝑦̂2                  𝑓𝑜𝑟 |𝑦 − 𝑦̂|  ≤ 𝛿

𝛿 ∙ (|𝑦 − 𝑦̂| −
1

2
𝛿) ,        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (1) 

where (𝑦 − 𝑦̂) is the residual error between the measured 

𝑦  and simulated data 𝑦̂ , 𝛿  is the threshold between 

switching from quadratic to linear loss and in this case the 

standard deviation was used. The Huber Loss function 
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was selected for the objective function because it 

combines properties of RMSE and mean absolute error 

(MAE) and is less sensitive to outliers and transient jumps 

that were found to occur in the measured data but aren’t 

reflected in the simulated results. The coefficient of the 

variation of the root mean square error (CVRMSE) was 

also utilized to provide relative percentage error that is 

easier to quantify then Huber Loss as the values can be 

quite large. For example, the Huber Loss for a layer may 

be 100,000 but the CVRMSE could be 25%. CVRMSE is 

also utilized by The American Society of Heating, 

Refrigerating, and Air-Conditioning Engineers 

(ASHRAE) Guideline 14 (2014) for calibrating building 

energy retrofit models. While the guideline states 

CVRMSE under 30% is suitable for hourly energy 

calculations, it does not specify a range for hygrothermal 

simulations or for RH specifically other then a general 

range of under 30% indicates good relative accuracy. The 

CVRMSE expression is shown as Equation 2: 

𝐶𝑉𝑅𝑀𝑆𝐸 =  (√
1

𝑛
∑ (𝑦𝑖 − 𝑦̂𝑖)

2𝑛
𝑖=1 ) 𝑦̅⁄ ∙ 100%  (2) 

where (𝑦𝑖 − 𝑦̂𝑖)  is the residual and  𝑦̅  is the mean 

measured value. 

CVRMSE was also tested as the performance metric in 

the objective function, but greater fitment with the 

measured data was found utilizing the Huber Loss 

function. However, in the results section CVRMSE is 

provided for clarity. 

Utilizing this simplified calibration methodology allows 

for increased fitment with the measured data by fine 

tuning the air exchange rates within acceptable ranges 

defined by the literature. This method will likely not 

achieve as high agreement as a full regression 

methodology, but it allows for quicker calibration 

requiring limited sensors and could be implemented 

effectively for retrofit applications. There are many 

parameters that could be fine tuned within a hygrothermal 

model such as rain exposure factors, weather, etc., each 

providing a degree of uncertainty to the model, with the 

physics of the software itself adding some additional 

uncertainty. A simple method for assessing and improving 

model fit for in-situ or pilot projects is beneficial when 

full-scale monitoring or laboratory studies are not 

feasible. In cases where the initial moisture content in 

each layer is largely unknown it could be beneficial for 

this methodology to be expanded to determine initial 

moisture levels that provide the best agreement with the 

measured data. 

‘Expert’ Case Configuration 

The calibrated model generated from the methodology 

presented in Figure 4 improved agreement between the 

simulated results and measured results when compared to 

the initial model based on standard modelling procedures. 

The visually calibrated model which was adjusted based 

on measured data was also improved upon by using 

statistical calibration. It is possible the initial model 

differed from the measured data based on user inputs and 

comparing initial attempts at the model from other 

engineers can provide insight into how much 

improvement the calibration methodology provides. 

As shown by Dang et al. (2024), interpretations, biases, 

and experience can vary hygrothermal model results from 

engineer to engineer. To assess the degree in which 

hygrothermal models can vary based on air exchange rates 

and moisture sources alone, a trial using the presented 

retrofit panels was conducted with five colleagues. All 

five of the colleagues are using hygrothermal modelling 

in their research for various projects, each with different 

backgrounds. They were provided with a template of the 

visually calibrated model with the requirement that the 

only thing they were to alter are air exchange rates, air 

exchange locations, directions, and moisture sources 

within the building envelope. Information was provided 

to them in terms of the wall construction, sensor locations, 

and materials. These ‘experts’ were also provided no 

guidance based on any measured data or assumed trends. 

Each ‘expert’ utilized their interpretation of standard 

practice and their hygrothermal modelling experience. 

Table 4 and 5 provide the air exchange rates and locations 

for each expert case (denoted by E-) for the SI-AWRB and 

WF in-situ walls, in addition to the initial (I), visual (V), 

and calibrated cases (C). It should be noted that not every 

case had air exchange occurring at each location and those 

areas will contain a dashed line. Each air exchange should 

be assumed to be to the left (outdoor), unless noted with a 

(R) for the right which is the indoor side. In Table 4, cases 

with moisture sources for the SI-AWRB panel are I, E1, 

E3, and E4, where I, E3, and E4 used the ASHRAE Std. 

160 prescribed 1% of the WDR to the back of the 

cladding. E3 also assumed 1% of the 1% WDR would be 

deposited past the weather barrier into the sheathing. E1 

utilized the air infiltration model IBP within WUFI. The 

moisture sources were implemented the same way for the 

WF model with the air exchange rates given in Table 5. 

Table 1: SI-AWRB model air exchange rates (ach). 

Case 
Location 

A1 A2 A3 A4 A5 A6 

I 35 - 1 8 1 3 (R) 

V 35 - - - - 1 (R) 

E1 10 - - - - 2 (R) 

E2 50 - - 5 (R) - 5 (R) 

E3 10 - - 2 - 10 (R) 

E4 5 - - - - 1 (R) 

E5 50 - - 5 - 5 

C 3 6 - 1 0.25 2 (R) 

Table 2: WF model air exchange rates (ach). 

Case 
Location 

A1 A2 A3 A4 A5 A6 

I 50 1 - 1 8 1 (R) 

V 50 - - - - 1 (R) 

E1 5 - - - - 2 (R) 

E2 50 - - - 5 (R) 5 (R) 

E3 15 - - - 2 5 (R) 

E4 5 - - - - 1 (R) 

E5 50 - - - 5 5 

C 29 4 5 13 10 0.5 (R) 
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Overall, the air exchange rates are similar for the various 

cases with small differences in the direction, magnitude, 

or inclusion of moisture sources. The most common areas 

to implement the air exchange was in the rainscreen of the 

retrofit panel (A1), the interface between the base 

building and the retrofit panel in the air gap due to the 

corrugated façade (A4 for SI-AWRB, A5 for WF), and the 

air gap near the inside of the base building (A6). 

While this study investigated the difference in the air 

exchange rates, many other parameters would have also 

varied between different people creating these models. 

Additional locations or combinations of air exchange 

layers providing similar results is also possible for the 

calibration cases, but determining the absolute best model 

configuration through lengthy parametric studies was not 

within the scope of this project.  

Results 

The WUFI hygrothermal models that were outlined in the 

previous section, shown by Figure 2 and 3, with the given 

infiltration rates in Table 4 and 5 for the SI-AWRB and 

WF retrofits were simulated, and their results were 

extracted and analysed. The calibrated case used the 

methodology provided in Figure 4 ran approximately 500 

iterations over a period of a few hours to determine the 

most suitable air exchange rates. The results from each 

case were assessed with the Huber Loss function and 

CVRMSE, where the best Huber Loss cases also achieved 

the best CVRMSE. The values for Huber Loss are large 

so CVRMSE will be the only metric presented in this 

section as it is as percentage and can more easily be 

compared. It is expected there are similarities in the 

results as all model inputs and boundary conditions were 

provided for the ‘expert’ cases, apart from air exchange 

rates, positions, and moisture sources.  

The following section provides the statistical analysis of 

the results and then an assessment of the two retrofit 

panels performance and suitability for an overcladding 

retrofit of a steel structure based on the in-situ case study. 

Statistical Analysis for Each Case 

Monitor points were selected in the model to be in a 

similar layer position to the sensors in the in-situ model, 

allowing for a fair comparison between the measured and 

simulated results. As previously described, these 

monitored points, M-, can be found on the building 

envelope diagrams in Figure 2 and 3 for the SI-AWRB 

and WF retrofit constructions. The CVRMSE for each 

corresponding monitored point and mean CVRMSE is 

provided for each model case in Table 6 and 7 for the SI-

AWRB and WF constructions. The lowest (best) 

CVRMSE values at each monitored point is highlighted 

in bold.  

Table 3: SI-AWRB model CVRMSE. 

Case 
Layer 

Mean 
M1 M2 M3 M4 M5 

I 50.3 20.4 25 33.9 36.4 33.2 

V 49.9 25.9 21.1 22.5 31.9 30.2 

E1 49.6 26.2 32.6 31.8 18 31.6 

E2 50.3 38.8 24 27.8 22.1 32.6 

E3 88.7 20.3 16.8 25.2 22.3 34.7 

E4 94.1 100.7 82.7 98.9 38.4 83 

E5 50.6 24.5 21 28.5 38 32.5 

C 37.8 19 21 21.5 18 23.5 

Table 4: WF model CVRMSE. 

Case 
Layer 

Mean 
M1 M2 M3 M4 M5 M6 

I 41 15.8 27.6 38.9 18.2 16.1 26.3 

V 40.7 16.8 21.1 30.2 14.9 12.2 22.7 

E1 103.8 58.2 53.5 59.9 28.3 15.8 53.2 

E2 40.8 17.5 23.7 33.5 23.7 16.1 25.9 

E3 36.8 16.8 23.4 29.3 11.1 21.3 23.1 

E4 103.8 17.8 22.8 32.8 16.4 15.9 34.9 

E5 41 16.6 25.2 36 14.5 40.5 29 

C 28.7 15.1 21.6 26.6 10.7 16.2 19.8 

Figure 5: RH at monitor position M2 for SI-AWRB construction. 
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In both constructions, the statistically calibrated model 

improved agreement with the measured data by 

approximately 30%, or a CVRMSE improvement of 10%. 

Excluding the outlier expert case, the average CVRMSE 

for the SI-AWRB expert cases was 32.9% which was 

improved to 23.5%, and for the WF expert cases was 

28.2% and improved to 19.8% for the calibrated model. 

These CVRMSE values are for the RH, and this increased 

agreement to the measured data may not be as significant 

for material moisture contents as the moisture curves for 

materials are not linear across RH levels.  

Figures 5 to 7 display the fit of the measured data to the 

various simulations performed. The measured and 

simulated results are provided with a rolling 24 hour 

averaging period to reduce oscillations and increase data 

visibility. Each of the ‘expert’ cases are plotted in the 

same colour to simplify the Figures. 

Figure 5 is at monitored point M2 for the SI-AWRB 

construction, which from Figure 2 is shown to be the 

inside of the SI-AWRB sheathing and on the outside of 

the rockwool insulation. Majority of the simulated cases 

provide relatively good agreement with the measured 

data, except for one ‘expert’ case. The calibrated 

simulation results are shown to closely follow the 

measured data, especially at the end of the figure, where 

the other cases begin to increase in humidity when 

entering the summer months.  

Figure 6 is at monitored point M5 for the WF construction 

which is at the interface between the retrofit panel and the 

base building envelope, located within the air cavity 

created by the corrugated steel siding. In this position, 

most of the cases have varying RH levels, where the 

models with air exchange to outdoor air match the 

oscillations of the measured data. The models without air 

exchange rates prescribed or towards indoor air have a 

much smoother curve that does not match the measured 

trend as well. The calibrated model can be seen to have 

the closest agreement with this layer and utilized a rate of 

10 ach. 

The simulated results show potential for significant 

variation in the RH for different layers of the retrofitted 

building envelope. The cases modelled typically had a 

variation of 20% RH during the monitored period. In the 

two constructions tested, the RH variation did not 

contribute to a change in the moisture risk of the 

assembly, excluding the outlier cases which prescribed 

too little rainscreen air exchange. However, this increase 

of RH in a more moisture sensitive construction using 

wood framing or insulation with lower vapor permeability 

could cause the construction to pass the critical RH value 

of 80% and lead to higher mould risk. The in-situ walls in 

this study were found to be dry where the simulations over 

predicted RH levels, however in an assembly with higher 

initial moisture levels and more exposure to WDR this 

may not be the case.  

Conclusion 

Two retrofit panels were installed in a in-situ wall opening 

to test the suitability of the SI-AWRB sheathing system 

construction to a retrofit panel with wood fibre insulation. 

The 3 m by 3 m panels were installed using an 

overcladding method where they were fabricated and then 

installed directly to the exterior of the base building’s 

façade. The overclad retrofit was selected for this 

application as it allows for minimal disturbance to the 

community center. The in-situ construction was fitted 

with sensors and monitored to assess the hygrothermal 

performance of the building envelope. The measured data 

indicated that retrofit panel would be suitable for this 

application as there was no moisture risk. The wood fibre 

retrofit panel had slightly lower humidity levels across 

various layers of the building envelope, which was likely 

due to increase air exchange in the rainscreen because of 

the vinyl siding façade, rather than a steel sheet metal 

façade with lower air exchange rates. 

A WUFI model was developed to further assess the two 

in-situ cases. The initial model was adjusted based on 

insights ascertained from the measured data, which led to 

slightly improved agreement with the measured data. 

Then a statistically calibrated model was developed by 

iteratively adjusting air exchange rates within the model 

until the best fit was achieved with the measured data.  

Five engineering colleagues were asked to provide air 

exchange rates based on their interpretation of best 

hygrothermal modelling practices and experience. Their 

models were assessed compared to the measured data and 

it was found that calibrating air exchange rates increase 

Figure 6: RH at monitored position M5 for WF construction. 
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the model agreement with the measured data by 

approximately 30%. This study only assessed the 

variation in the relative humidity of different layers based 

on air exchange rates and moisture sources alone and did 

not consider other input and boundary conditions, which 

could contribute to more variability and potential for 

calibration to improve the model. Potential overfitting of 

the calibrated model could occur where the model can be 

simulated for additional periods and compared to new 

measured data to ensure validity.  

The two constructions tested were found to have relatively 

low humidity and the variance in humidity from the model 

did not greatly affect the moisture content or mould risk 

of the assembly. However, with a variation of 20% RH in 

some layers, moisture sensitive constructions would 

likely have significant variation in their mould risk due to 

assumed air exchange rates.  

This study shows that it important to calibrate 

hygrothermal retrofit models to measured data to limit 

uncertainty in user input conditions. It was also shown 

that air exchange rates within the ranges suggested by 

literature can provide significant variation in the relative 

humidity throughout different layers of a building 

envelope.  

Further analysis is planned to expand this study to four 

different retrofit panels for overcladding hygroscopic 

materials, such as brick. The calibration methodology will 

be expanded to include initial moisture conditions for 

critical material layers. A sensitivity analysis will also be 

performed to assess which parameters are most influential 

for RH mismatch. 
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