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Abstract. Mould may grow in wood frame wall assemblies when subjected to excessive 
moisture load over prolonged periods of time. To permit estimating the moisture risk in wood-
frame wall assemblies, one approach is to use hygrothermal simulations. This process requires 
access to relevant climate data and as well, knowledge and experience regarding the use of 
hygrothermal simulation tools. As well, it may not be practical to undertake such an analysis 
for each different type of wall being considered for a given location and use. In this regard, the 
moisture index is usually considered when designing measures for protection from 
precipitation as it is a useful indicator that reflects the intensity and duration of moisture loads 
to which a building envelope may be subjected over time. Hence, in the study described in this 
paper, consideration was given to determining the correlation between mould growth index and 
moisture index as this would be beneficial to building practitioners in determining the level of 
protection to mould growth as may be achieved in different climate regions having a particular 
value for moisture index. The mould growth indices were generated for Oriented Strand Board 
(OSB) incorporated within a wood-frame vinyl-clad wall assembly located in selected 
Canadian cities from which moisture indices were derived. Effects of moisture load and air 
change rate were also taken into account when assessing the correlation between the two 
indices. The results indicate that when the air change rate and moisture load are favourable to 
maintain a humid environment, strong correlations were observed between the two indices, 
vice versa. 

Keywords: air change rate, mould growth index, moisture index, moisture source, wood frame 
wall 

1.  Introduction 
The moisture load taken up by the wall assembly is one of the most important factors to be considered 
when assessing the moisture performance of the building envelope. It is the cause of many detrimental 
effects on wall components. When exposed to moisture over a prolonged period of time, porous 
building materials may subject to frost attack [1], surface erosion, loss of strength [2], salt migration 
[3], and mould growth [4]. For wood and wood-based materials, long-term exposure to moisture could 
result in mould growth [5] and decay [6]. The response of wall assemblies subjected to different levels 
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of moisture load can be assessed using numerical Heat, Air, Moisture (HAM) simulation tools. 
However, to permit implementing an accurate simulation and obtaining reliable outputs, practitioners 
are required to have knowledge of configurations of wall assemblies, thermal and transport properties 
of different materials, detailed climate data, as well as responses of wall assemblies to climate effects 
(e.g., air change rate and water source). It is perhaps not entirely practical to collect all such 
information nor conduct analyses for each different type of wall assembly to achieve proper design. To 
simplify this process, another approach is proposed to assess risks of presence of moisture in wall 
assemblies using climate-based indices, such as the moisture index [7]. The moisture index was 
derived from annual precipitation and relative humidity, as developed by the National Research 
Council Canada (NRC), and was included in the National Building Code of [8] to permit describing 
the extent of moisture load imposed to wall assemblies located in different regions across Canada. 
This index, incorporated together with the number of heating degree-day(s) (HDD) for a particular 
location, was thereafter used as an indicator to determine the minimum level of moisture protection on 
for exterior walls. When the moisture index is greater than 1, the cladding assembly requires a second 
plane of protection incorporating a capillary break and sheathing membrane, building elements that 
can be present in various forms given the different types of wood frame wall assemblies constructed in 
practice. 

The mould growth index given in the ASHRAE standard 160 [9] can be considered as the indicator 
for moisture performance of a wall assembly subjected to moisture load. This index is derived from 
values of temperature and relative humidity on the surface of materials. Technically speaking, a more 
humid environment should be favourable to the mould growth and would result in a higher mould 
growth index (a worse moisture performance) for a wall assembly. One of the tasks of the moisture 
management for exterior wall systems (MEWS) project completed by the NRC [10] was to investigate 
the relationship between the moisture index and the cumulative value for RHT95, where RHT95 
represented a combination of environmental conditions (i.e. 95% RH and 5°C) that were favourable to 
the formation and growth of wood decay fungi of different types of wall assemblies. The results from 
this work had shown, in general, a positive relationship between the cumulative value for RHT95 and 
the moisture index and also indicated factors or combinations of different factors that had a significant 
effect on the response of wall assemblies to climate loads of different locations and having different 
moisture indices. However, in these studies, the air change rate of the wall assembly, and that can 
significantly affect the moisture performance of a wall, was not taken into account. In addition, more 
comprehensive mathematical models have since been developed to assess the moisture performance of 
walls (e.g., mould growth rate and wood decay), these being based on varying relative humidity and 
temperature. Hence, the correlation between the moisture index and the moisture performance of low-
rise wood frame wall assemblies ought to be reassessed. 

In this study, the correlation between the moisture index and the moisture performance of a vinyl-
clad wall assembly subjected to varying moisture loads and hourly air change rates (ACH) was 
investigated. The mould growth indices for the Oriented Strand Board (OSB) of the vinyl-clad wall 
assembly when subjected to climate conditions of a select set of Canadian cities were generated using 
the temperature and relative humidity obtained from hygrothermal simulations. The moisture index 
was computed using climate data as implemented in the simulations. The effects of air change rate and 
moisture load related to the correlation between moisture index and the expected moisture 
performance of the vinyl-clad wall assembly are discussed. 

2.  Literature Review 
The hygrothermal response of the building envelope obtained from the hygrothermal simulations can 
be used to determine its long-term performance when subjected to a climate of interest to a building 
practitioner. It may also be used to validate approaches or methods used for analysing or predicting the 
moisture performance based on climate data. Vandemeulebroucke et al. [11] investigated the 
hygrothermal response of a brick-clad wood stud wall and historical solid masonry wall, before and 
after retrofitting, and situated in Ottawa, where the simulations subjected the wall to ensemble climate 
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data generated from a climate model having different initial conditions. Owing to the considerable cost 
of time to complete simulations for the entire ensemble of data, the authors attempted to use the 
hygrothermal response for a “reduced” ensemble to represent the entire ensemble. Climate-based 
indices (e.g., Moisture Index calculated using two methods, Severity Index) were used in this study to 
select climate data for the “reduced” ensemble and to represent the spread and risks of damage in 
building envelopes. However, it was determined that the climate-based indices were not adequate to 
permit obtaining reliable outputs from these two indices. 

Aggarwal et al. [12] investigated the selection of Moisture Reference Years MRY, which could 
provide equivalent results as those obtained from a long-term climate series, using three methods: the 
moisture index; severity index; and, climatic index. The analysis was performed for a brick cladding 
wood frame wall assembly located in 3 Canadian cities, which each city having a different level of 
moisture load, the brick-clad wall assembly was subjected through simulations to historical climate 
from 1986-2016, and future projected climate from 2062-2092 generated from a climate model. Those 
years having the highest cumulative number of hours for a mould growth index value above 3 was 
compared to that obtained with MRY selected using the three previously proposed methods. It was 
concluded that the severity index could provide a relatively more accurate estimate for the MRY 
selection than the other two methods considered in this study, although no method could provide a 
result having 100% accuracy 

The air change rate is a critical aspect to consider when assessing the moisture performance of the 
building envelope. Wang et al. [13] investigated the effects of ventilation on achieving moisture-safe 
design in an attic. In this study, the source and removal of moisture in attic was first analyzed. 
Thereafter, the total air change rate of the attic was considered as the variable for the parametric study 
that would permit evaluating its effect on the hygrothermal response of ventilated and un-ventilated 
attics. The value for the mould growth index on the outer layer of the sheathing panel was used as the 
performance indicator. Results from this study demonstrated the necessity in having ventilation to 
permit reducing risks of moisture related problems in the attic. 

3.  Methods 
Assessing the moisture performance, e.g., the mould growth on components within a wall assembly, 
can be completed either from field observations or using experimental tests. However, both of these 
two approaches require full scale building envelope specimens and as well, taking measurements using 
accurate instruments over prolonged periods of time, both approaches being time consuming and 
costly. Alternatively, hygrothermal simulation is able to provide similar results as a long-term test 
within a much shorter period of time and the cost is almost negligible as compared to either of the 
other two approaches. In this study, hygrothermal simulation was conducted following the Guideline 
on Design for Durability of the Building Envelope [14] developed by the NRC, which provides an 11-
step evaluation process using hygrothermal simulation tools to assess the long-term moisture 
performance of building envelopes. In addition, hygrothermal simulations in this study were 
conducted with Delphin hygrothermal software, version 5.9.5. The vinyl-clad wall assembly was 
modelled in 1-D to reduce simulation time over the 31-year simulations periods. 

3.1.  Climate Data 
Climate data for eleven (11) Canadian cities (Figure 1) were considered in this study. These cities are 
located from the west to the east coast of Canada and have diverse climate characteristics. To permit 
having a greater number of samples and thus generating more results and thus offering a more reliable 
conclusion, for each city analyzed, 15 sets of 31-year climate data for the time period 1986-2016, were 
generated from a climate model [15]. The climate data was used to calculate the moisture index which 
was thereafter compared with the mould growth index obtained from outputs of hygrothermal 
simulations. Indoor conditions of simulations were considered as constant values to eliminate their 
influences to the results.  
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Figure 1. Location of Canadian cities considered in this study; from left (west) to right (east): 
VAN-Vancouver, CAL-Calgary, SAS-Saskatoon, WIN-Winnipeg, TOR-Toronto, OTT-Ottawa, 

MON-Montreal, MNC-Moncton, CHA-Charlottetown, HAL-Halifax, and STJ-St. John’s. 
 
Two levels of moisture load and two levels of ACH (50 and 200) were implemented in the 

simulation to permit investigating their effects on the extent of correlation between the moisture index 
and the moisture performance of the wall assembly. One level of moisture load was considered as 1% 
of the Wind-Driving Rain (WDR) as suggested by the ASHRAE standard 160 (ASHRAE 2016); the 
other level of moisture load was based on water entry functions obtained from watertightness tests 
which for all cities analysed, were greater than 1%. Values of these moisture loads and the water entry 
function are given in Table 1. 

 
Table 1. Water entry function and average moisture load derived from water entry function. 

 

Vinyl-clad wall assembly  
Water entry rate = 0.000109 × WDRPI0.554 

WDRPI = WDR1.54 × DRWP0.515 

Calgary Charlottetown Halifax Moncton Montreal Ottawa 

1.81% 1.85% 1.84% 1.76% 1.72% 1.63% 

Saskatoon St. John’s Toronto Vancouver Winnipeg  

1.92% 1.92% 1.78% 1.65% 1.76%  

WDRPI: Wind Driving Rain Pressure Index; WDR: hourly WDR load; DRWP: hourly driving rain wind 
pressure  
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3.2.  Vinyl-Clad Wall Assembly 
The 1-D model (cross-section) for the vinyl-clad wall assembly, is shown in Figure 2; it consists of a 
layer of vinyl cladding, an asphalt impregnated paper-based membrane (30-minute), 11-mm (3/8in.) 
thick Oriented-Strand-Board (OSB) sheathing panel, 140-mm insulation, a vapour barrier and a 
gypsum board. The depth of the air cavity was set as 2 mm to represent the space beneath the vinyl, 
which varied from 0 to 5mm, for an actually constructed vinyl-clad wall assembly. Properties of 
materials of the wall assembly were obtained from the NRC material property database [16] and are 
listed in Table 2. 
 

 
 

Figure 2. Cross-section of the vinyl-clad wall assembly. 
 

Table 2. Properties of materials 
 

Components/ 
material 

e 
(mm) 

Density 
(kg/m3) 

kt 
(W/mk) 

CE 
(J/kg K) 

Porosity 

(m3/m3) 

vper 

(s) 

vperm 

(ng/m2sPa) 

A 

(kg/m2s0.5) 

DL 

(m2/s) 

30-minute 
paper 0.24 909 0.159 1256 0.97 9.7×10-14 404.2 0.00093 5.00×10-15 

Vinyl-clad 1.10 1500 0.160 1260 0.00 1.0×10-16 0.1 - 1.00×10-16 

OSB 11.00 600 0.094 1880 0.96 2.5×10-13 22.6 0.00220 1.17×10-14 

Gypsum 13.00 700 0.150 870 0.40 5.8×10-11 4430.0 0.00100 1.39×10-14 

Mineral fibre 140.00 37 0.032 670 0.66 1.3×10-10 928.6 - 1.00×10-16 

e: thickness; kt: thermal conductivity (0% RH); CE: specific heat capacity; vper: vapour permeability (90% RH); vperm: 
vapour permeance; A: water absorption coefficient; DL: Liquid diffusivity (90% RH); RH: Relative humidity  

 

3.3.  Boundary Conditions 
The 1-D model (cross-section) for the vinyl-clad wall assembly, is shown in Figure 2; it consists of a 
layer of vinyl cladding, an asphalt impregnated paper-based membrane (30-minute), 11-mm (3/8in.) 
thick Oriented-Strand-Board (OSB) sheathing panel, 140-mm insulation, a vapour barrier and a 
gypsum board. 
 

Table 3. Boundary and field conditions for the simulation 
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Boundary and Field Conditions Setting and Parameters  

Indoor Heat Conduction Exchange coefficients h = 8 W/m2K 

Outdoor Heat Conduction   Exchange coefficient: h = 4+4V (V: wind velocity (m/s)) 

Indoor Vapor Diffusion  Exchange coefficient: β = 1.52 x 10-8 s/m 

Outdoor Vapor Diffusion   Exchange coefficient: β = 2.44-8+2.44-8V 

Wind Driving Rain (Rain) Calculated by the method provided in ASHRAE standard 
160 

Short Wave Radiation  Short wave absorption coefficient: α=0.6 (Medium gray 
wall) 

Long Wave Radiation  Emission coefficient: sky:1, ground and wall: 0.9 

Moisture Load  Applied to exterior surface of the weather resistive barrier 
(1% of WDR load and water entry functions) 

Air Change Rate  Air flow rate per hour in the drainage cavity ACH (/h) 

 

3.4.  Moisture Index and Mould Growth Index  
The moisture index is calculated by considering annual rainfall, temperature and the relative humidity 
(1).  
 

𝑀𝑀𝑀𝑀 =  �𝑊𝑊𝑊𝑊𝑁𝑁2 + (1 − 𝐷𝐷𝐷𝐷𝑁𝑁)2                                                      (1) 

 
Where MI is the moisture index, WIN is the normalized wetting index computed based on annual 

rainfall, and DIN is the normalized drying index reflecting the drying capacity of ambient air (2). 
 

𝐷𝐷𝐷𝐷 = �
1
𝑛𝑛
���∆𝑤𝑤

𝑘𝑘

ℎ=1

𝑛𝑛

𝑖𝑖=1

𝑘𝑘𝑘𝑘𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤/𝑘𝑘𝑘𝑘𝑎𝑎𝑎𝑎𝑎𝑎                                               (2) 

 
Where DI is the drying index in kgwater/kgair per year, n is the number of years under consideration, 

k is the number of hours in a particular year, and Δw is the difference between the humidity ratio and 
saturation mixing ratio at given temperature. The 31 annual DIs for each set of climate data was 
averaged and normalized by the highest averaged annual DI generated from the climate data set. In 
addition, the WI was normalized as being 1000mm, as suggested by the National Building Code of 
Canada [8]. The mould growth index was derived from values of relative humidity and temperature at 
the exterior surface of materials, the OSB in this study, obtained from HAM simulations. Specific 
steps to compute the index were given in the ASHRAE standard 160 [9]. Mould growth indices were 
generated for the analyzed vinyl-clad wall assembly subjected to the 15 sets of 31-year climate data 
for each city. The 31-year averaged and the maximum value of mould growth indices obtained from 
the simulations were compared to moisture indices generated from the same climate data. 

4.  Results and Discussion 
The averaged mould growth indices for the vinyl-clad wall assembly and corresponding moisture 
indices derived from the climate data to which the wall assembly was subjected are shown in Figure 3.  
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It is evident that the moisture load derived from the water entry function and a smaller ACH would 
result in a greater averaged value for mould growth index under the same value of moisture index. 
Also, the climate with a greater moisture index tended to cause greater values for averaged mould 
growth index for the wall assembly having the same level of moisture load and ACH. The correlation 
coefficient was 0.75 for the vinyl-clad wall assembly using 50 ACH and the moisture load derived 
from the water entry function. When the moisture load was reduced to 1% of the WDR, the correlation 
coefficient was also reduced to 0.61. Whilst, for 200 ACH, the correlation coefficients were only 0.38 
and 0.4 and changes in the moisture load had no significant impact on the coefficient as the mould 
growth index did not vary with the increase in moisture index when values of the moisture indices 
were less than 1.2. It also means that with the given ACH, the moisture performance of wall assembly 
was not sensitive to moisture load represented by the moisture index 

 

 
 
Figure 3. Correlations between the 31-year averaged mould growth index and the moisture index 
for the same 31-year time period. ‘1% ML’ and ‘Func. ML’ represent the type of moisture load 

applied to the vinyl-clad wall assembly. 
 

Correlations between the maximum mould growth index and the moisture index, as shown in 
Figure 4, were weaker than that for the averaged mould growth index for cases having a lower ACH 
and a higher moisture load. When the moisture index was less than 1, maximum mould growth indices 
for cases using 50 ACH were extremely divergent although moisture indices for these cases were 
approximate and with the increase in moisture index, maximum mould growth indices converged at 
the upper limit when the moisture index was greater than 0.8. Beyond this point, the relationship 
between the mould growth index and the moisture index was no longer linear for the wall having 50 
ACH and moisture load derived from the water entry function. For 200 ACH, values of maximum 
mould growth indices were relatively small and concentrated for approximate values of moisture 
indices as a greater value for ACH could remove moisture in a wall assembly at a greater rate and was 
conducive to maintaining a dry environment in the wall. Whereas, for cases having moisture indices 
above 1.2, values of maximum mould growth index for the wall assembly subjected to 200 ACH and 
moisture load obtained from the water entry function became extremely divergent similar to those 
observed for 50 ACH. 
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Figure 4. Correlations between the maximum mould growth index and the moisture index for the 

same 31-year time period. ‘1% ML’ and ‘Func. ML’ represent the type of moisture load applied to the 
vinyl-clad wall assembly. 

 
A summary of all correlation coefficients obtained between the moisture index and the mould 

growth index for the vinyl-clad wall assembly as subjected to different effects are shown in Table 3. It 
is evident that the effect of ACH to the correlation is greater than the moisture load for the simulation 
setups as were implemented. Nevertheless, in the study conducted by Vandemeulebroucke et al. [11] , 
the correlation between the moisture index and the averaged mould index for a wood-stud wall 
assembly was only 0.23 and 0.1 when the wall was oriented, respectively, towards the north and south-
south-west. In addition, the authors indicated that different approaches used to normalize the moisture 
index could also have an impact on the extent of correlation. Thus, considering the effects of both 
known and unknown factors on the correlation between moisture index and mould index, the 
conclusion obtained in this study may only be applicable to the wall assembly as was analyzed and 
having similar assumptions in setting up the simulations 

 
Table 4. Summary of R2 values for each combined effect 

 
  Moisture Load 

(1%) 
Moisture load 
(Function) 

Averaged Mould Index 
200 ACH 0.4 0.38 

50 ACH 0.61 0.75 

Maximum Mould Index 
200 ACH 0.48 0.44 

50 ACH 0.65 0.55 

5.  Conclusions and Further Research 
In this study, the moisture index derived from climate data for selected Canadian cities and mould 
growth index for a vinyl-clad wall assemble subjected to the same climate were generated. It was 
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found that correlations between the two sets of analyzed indices were highly dependent on the 
moisture load and ACH as implemented in the simulation. In essence, changes in the values of 
correlation coefficients represented the changes in response of the wall assembly to the anticipated 
climate. When the moisture load and ACH as implemented to the simulation were favourable to a 
humid environment, correlations between the mould growth index and the moisture index were higher 
than those that were favourable to a dry environment. A higher correlation also meant that the wall 
assembly responded to all levels of moisture effects from climate and would be vulnerable to 
excessive climate loads. Based on these observations, and when using the moisture index to predict the 
risk of moisture to wall assemblies, the conditions (e.g., ACHs and watertightness) of wall assemblies 
should also be specified to permit a more accurate assessment. 

Only one type of wall assembly and two types of effects were investigated for this study. Also, the 
variation in the level of different effects as investigated was limited. Subsequent work on this topic 
will permit assessing the effect of material properties and additional levels of ACH and moisture loads 
on the moisture performance of other types of wall assemblies. The correlation between the mould 
growth index and the moisture index will be used as an indicator to determine the efficiency of design 
practice against climate loads. 
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