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Abstract. Hygrothermal simulations are necessary to permit analyzing moisture performance when
designing building envelopes. Owing to the high computing time and cost of the long term simulations,
a common approach is to select representative year(s), the Moisture Reference Year(s), from a long-
term series of climate data. It is assumed that the use of Moisture Reference Year(s) (MRYS) provides
equivalent results as those provided using long-term series. The selection of MRY(s) is by itself based
on the one of the methods available in the literature. In the present study, three methods of selecting the
MRYs were evaluated i.e. the moisture index (MI), severity index (Isev) and climatic index (CI).
Simulations were performed using individual years of historical climate data extending from 1986 to
2016 and projected future climate data representing the scenario with a 3.5°C increase in average
temperature which is expected to occur from 2062 to 2092. Brick cladding installed on a wood frame
wall assembly subjected to the climate of three different Canadian cities was selected for analysis. The
cities selected were Vancouver (BC), Calgary (AB) and Ottawa (ON). These cities have differing levels
of moisture loads. The year having the mould index value more than 3 for highest number of hours
among the individual years was compared with the MRY given by three selected methods. A method was
considered to be accurate in terms of the prediction if the year selected by that method gives the number
of hours with mould index more than 3 which lies in the same class as that of year having maximum
corresponding value. In general, it was observed that none of the methods provides the worst year with
100% accuracy, however for most of the cases, Isev method performs better than other two methods in
terms of MRY selection.

Keywords: Moisture Performance, Climate Change, Hygrothermal Simulation, Moisture Reference
Year(s) Selection Method.

1 Introduction

One of the parameters that influences the moisture performance of the wall is the outdoor
climate. However, having large number of climate parameters and estimating the effects of
these parameters over the entire service life would result in a large simulation effort. One of the
approaches to cut down the simulation time and cost is to select a year or combination of years
called Moisture Reference Year(s) (MRY's) which is assumed to represent the entire set of long
term climate data.
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The n-factor method suggested by Hagentoft and Harderup (1996) compares the absolute
humidity at the external wall surface with the absolute humidity of the outside air in order to
compute the drying potential of the wall surface. They suggested that drying out potential is
higher for a higher value of n-factor. Kalamees and Vinha (2004) used a method similar to -
factor method for selecting the MRY in terms of evaluating the risk of water vapor
condensation. Carsten Rode (1993) proposed a construction dependent method, which
compares the integral moisture content values for different wall constructions and orientations.
He suggested that the higher the value of moisture content for a particular year, the more severe
the year is in terms of moisture performance of the wall. Cornick et al. (2003) used an index
called Moisture Index (MI) to categorize the years in terms of the severity. MI method uses
wetting and drying function to compute MI and then further categorizes the year as dry, average
and wet based on lowest, average and highest M1 value respectively. From a dataset of years,
the years having M1 value in the range of more than one standard deviation (+/-) from the mean
M1 value are considered as dry and wet years, while those years having a value within (+/-) one
standard deviation are referred to as average years. A method suggested by (ASHRAE, 2010)
combines the climate load and durability to choose the “severe” weather years and provides a
more representative ranking of the climate data. This approach, called the Severity Index (Isev),
uses an equation to predict the RHT value as a damage function. Salonvaara et al. (2010)
suggested the Isev equation as a reliable method of selecting representative years. A regression
equation used for computing RHT value considers different climate parameters. The yearly
average value of each climate parameter is used in the equation and the years are arranged in
the descending order of the RHT values. The year with the third highest (top 10% years among
31 years) RHT value is selected as MRY for the hygrothermal simulations. The authors further
compared their method with three other existing methods and concluded that their method
performs better in predicting the severe years than other methods. The Climatic Index method
suggested by Zhou et al. (2016) comprises wetting and drying components. The wetting
component depends on the annual wind-driven rain and the drying component depends on the
annual potential evaporation. Unlike MI method, this index takes into consideration the effect
of many climate parameters such as net radiation, temperature, humidity, wind speed, wind
direction and orientation of the fagade. The authors made a comparison with M1 method in
terms of accuracy in predicting the MRY and suggested that the year predicted using climate
index gives better result than M1 method. However, based on the past research findings, none
of the methods can be considered as a universal method for the selection of MRY.

The objective of this study is to investigate three MRY selection methods i.e. Moisture Index
(M), Severity Index (Isev) and Climatic Index (CI) in terms of their accuracy in predicting the
worst year in terms of moisture performance among a series of long-term climate data. For all
the methods, the year corresponding to the 97th percentile, (ranked second out of the 31 years)
for each climate scenario was chosen as the MRY and is further compared with the individual
year simulations to determine their capability in predicting the extreme year.

2 Methods

2.1 Description of MRY Selection Methods
Cornick et al. (2003) suggested the calculation of Ml for every hour (Mly) based on hourly
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wetness (WIn) and dryness (Dln) indices. Here, Wl corresponds to the normalized hourly
rainfall and DIn corresponds to Apy i.e. the difference between the saturation vapor pressure and
vapor pressure of the ambient air. The saturation vapor pressure, pvs, as a function of ambient
temperature (T), was calculated as suggested by ASHRAE (2009).

The magnitude of Apy is calculated using Equation (1):

APy = Pys = Py 1)
Both the indices are further normalized as per the Equation (2):
Inormatizea = (I = Inin)/ (max = Imin) )
Where, | is the Index of interest.

Normalized values of Apy and accumulated hourly rainfall were used as DIy and Wik
magnitudes respectively and equal weights are assigned for both the indices.

M[h = \/(1 - D[h,m)rm)2 + VV[h,norm2 (3)

Based on ASHRAE (2010), the severity index (Isev) for each year is calculated according to
Equation (4):

I,y = 108307 — 241.E, — 1391.1,, — 312326.¢ + 183308.7,,4 + 15.2.p, + 27.3.T> @)
+261079.¢2 — 0.00972. p2

Where, Ey is the solar radiation (W/m?) incident on the wall; 1 is the cloud index; ¢ is the
relative humidity; rwa is the wind-driven rain (kg/(m?.h) on the wall; py is vapor pressure (Pa),
and T is the ambient temperature (°C). The method is explicitly valid for the orientation with
highest amount of yearly Wind-driven-rain (WDR) and least solar radiation i.e. North
orientation. A yearly average value is used for each climate parameter for each year.

Zhou et al. (2016) suggested calculation of CI based on annual wetting and drying. The
wetting component includes annual wind-driven rain and drying component is based on the
potential evaporation calculation based on Penman equation shown below:

A K+L—A4 vy
- h (e, — 5
T iy mea—o ©)

K+L—-A
I
term. E is the drying Index, K is the net short-wave radiation (Wm), L is the net Longwave
radiation (Wm2), A is the conductive heat flux to the porous material (Wm2), | is latent heat
of vaporization (Jkg?), y is the psychometric constant (PaK™), 4 is the slope of the relationship
between saturation vapor partial pressure and air temperature, €, is the saturated partial vapor
pressure of the air, e is the vapor partial pressure in the air (Pa) and hn is the convective vapor
transfer coefficient (sm™). In the calculation of drying index, the conduction heat flux and long
wave radiation were neglected since their values are much smaller in comparison to short wave
radiation. Finally, the yearly sum values were taken and the CI was calculated as the ratio of

Wetting Index and Drying Index.

Where, Aiﬂ/ represents the radiation term and AyTyhm(ea — e) represents the turbulence
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2.2 Cities Selected & Wall Orientation

For the analysis, three cities were chosen from 3 different provinces of Canada: Ottawa (ON),
Vancouver (BC), and Calgary (AB). Furthermore, the selected cities vary significantly in terms
of their climate conditions. Amongst these cities, based on M1 value; Vancouver and Calgary
are the wettest and driest cities respectively and Ottawa being the city with an intermediate
value of MI. The study was made for the orientation receiving least annual solar radiation i.e. a
North-facing wall (N) for each city. Further details for these cities are listed in the Table 1.

Table 1. Characteristics of the selected cities.

City (Province) Latitude | Longitude | HDD18 | Ml Anr(]rt:]?:]; an
Ottawa (ON) 45.25° -75.42° 4440 0.84 750

Vancouver (BC) 49.28° -123.12° 3100 1.93 1850
Calgary (AB) 51.05° -114.07° 5000 0.37 325

HDD18 — heating degree days below 18°C MI — moisture index

2.3 Wall Configuration

The modeled building was assumed to be a 3.5 storey type located in a suburban setting. Light
weight wood frame wall assembly with brick cladding was simulated and the wall was assumed
to be perfectly air tight. A detailed description of chosen wall assembly is shown in Figure 1.

Brick Masonry Veneer Cladding

From exterior to interior
« 90mm Brick (Red malt clay brick clad.)

« Polyethylen:

« 12.7mm Interior finish (gypsum+primer+latex)

Figure 1. Description of the wall assembly.

The material properties were obtained from NRC material property database (Kumaran et
al. 2002). For the air cavity, same value of Air Changes per Hour (ACH) was used for each city
and climate scenario. Table 2 illustrates ACH values for different claddings and locations.

Table 2. Selected ACH values for different claddings and locations.

Ottawa

Vancouver

Calgary

Brick

Stucco

Brick

Stucco

Brick

Stucco

6

10

12

40

3

5

Extensive trials were made for selecting an appropriate ACH value. For this purpose,
simulations were made by repeating the average year (based on MI ranking) for 7 times and
mould index value was computed at the exterior layer of the OSB. The aim was to choose a
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value of ACH that results in having mould index stabilizes around a value of 3.

2.4 Climate Data and Wind Driven Rain

The climate data used for the present study includes hourly climate for a consecutive 31 years:
from 1986-2016 for historical scenario; and, similarly 31 years when the global temperature
will increase by 3.5°C. (Gaur et al. 2019). An increase of 3.5°C global increase is expected to
transpire between the years 2062-2092 as per the projections made by Environment and Climate
Change Canada (2018). It was observed that, there is a minimal variation in RH value and an
increase of approximately 5°C (annual average) in temperature from historical to future climate
conditions for each city. Wind Driven Rain (WDR) was calculated using the ASHRAE method
(ANSI/ASHRAE, 2016) assuming a medium exposure with the rain exposure factor (FE) and
the rain deposition factor (FD) set to 1.0 and 0.5, respectively.

2.5 Boundary Conditions and Initial Conditions

Indoor temperature and relative humidity were assumed constant and set to 21°C and 50%
respectively. The indoor exchange coefficient for heat conduction was set to 8 W/m?K and the
indoor vapor diffusion coefficient was set to 1.52*10® s/m. As per the EN 1SO 6946 standard,
the convective heat transfer coefficient is h., = 4 + 4v, where v is the wind velocity at 10 m
height. The convective vapor transfer coefficient is related to the convective heat transfer by
the use of the Lewis analogy 8, = 2.44 = 1078 + 2.44 * 108 v. The reflection coefficient of
the surrounding ground (albedo) was 0.1 and the absorption coefficient for the brick cladding
was equal to 0.6. The wall was conditioned with suitable climate by completing a consecutive
seven (7) year simulation, repeating the average year (based on Moisture index ranking). At the
end of simulation, the average value of temperature and RH for all the layers in the wall
configuration were noted and used as initial conditions.

2.6 Simulations

Simulations were run over the individual years spanning a period of 31 years for historical and
future climate using the Heat, Air and Moisture (HAM) simulation tool DELPHIN V5.9. For
this study, only one-dimensional horizontal configuration of the wall was simulated. The water
infiltration through the assembly was assumed to be 1% of the wind-driven rain and was applied
to the exterior side of the sheathing membrane, as per ASHRAE 160 (2016). Manual meshing
was opted for all the layers except sheathing membrane and vapor barrier. For these two layers,
an equidistant mesh of 3 elements was assumed. For other layers, they were divided into 3
sections with first and last sections having equal thicknesses. For these two sections, a fine and
variable mesh was used and an equidistant mesh was opted for the middle section.

2.7 Performance Indicator

For analyzing the moisture performance of the wall assembly, the mould index was computed
at the exterior of the OSB layer (0.1mm thick element size) using the method proposed by
Ojanen et al. (2010). The calculations were made assuming the sensitive class for material and
surface and a decline factor of 0.5 (assuming significant decline) when the conditions become
unfavorable for mould growth. Furthermore, for performance analysis, one way is to use the
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maximum mould index value to compare different results. However, this can be misleading,
especially in a situation when there is only one peak followed by set of low values. To tackle
this situation and capture the trend, a better idea would be to count the number of hours when
mould index value is above a threshold value and use that value as a performance indicator.

3 Results and Discussion

The accumulated number of hours when mould index (Mol) value is more than 3 was calculated
for each year of the 31-year series. Figure 2 shows the results obtained for the brick cladding
wall in Calgary exposed to future climate. It shows the total number of hours throughout the
year when the Mol value was above 3. On the secondary axis, the maximum Mol for a particular
year is shown. Furthermore, the year selected by each MRY selection method is marked on the
chart. For this particular case, it was observed that Isev method predicts the year which performs
the worst when simulated for moisture performance analysis. The years predicted by the other
two methods are far away from the extreme year (based on simulation) in that dataset.
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Figure 2. Total number of hours with Mol>3 for Brick wall in Calgary for future climate.
Secondary axis shows the maximum value of Mol for each year.
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To analyze the results in a more lucid way, further grouping was made wherein the hours
were divided into classes having a range of 200 hours starting from 0 and ending with hours
above 5000. The reason behind choosing a nominal value of 200 hours is to distinguish the
years selected by different selection methods.
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Figure 3. Grouping of years in terms of number of hours when Mol>3 for Brick wall in Calgary for future
climate. Year given by three methods lies in one of the classes and are marked in with arrow in the chart.
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Figure 3 shows the distribution of the 31 years among the different classes for brick cladding
wall in Calgary exposed to the future climate. It is clear from Figure 3 that the year predicted
by the Isev method falls in the same class as that of the year with maximum number of
accumulated hours using simulation. For this case, the worst year is more in accordance with
the year suggested by Isev method.

Similar analysis was made for different cities considered for historical and future climate
scenarios. As a general trend, it was observed that the selection of year based on severity index
method always lies closer to the class belonging to the worst year among the series of the years.
It was observed that in VVancouver for a North facing wall, there is no risk of mould growth.
This could be explained by the fact that in Vancouver, there was a very low amount of WDR
falling on a North facing wall which in turn imposes almost no risk of mould growth.

Table 3. Summary of all the simulated cases. Year shows the year predicted by the method and class shows the
range in which the corresponding year lies. (Ott: Ottawa, Van: Vancouver, Cal: Calgary, H: Historical, F:

Future).
Simulation Ml Isev Cl
Case Year Class Year Class Year Class Year Class
(in 100s) (in 100s) (in 100s) (in 100s)

Oott_H 2009 42-44 2010 0-2 2009 42-44 2004 30-32

Oott_F 2081 >50 2085 0-2 2069 38-40 2070 46-48

Van_H -- - - - - - - -

Van_F - -- - -

Cal_H 1999 40-42 2005 34-36 1995 40-42 2014 40-42

Cal_F 2092 44-46 2089 42-44 2092 44-46 2078 26-28

Table 3 represents the results for all the considered cases. It shows the year selected by
various methods and the year which actually performs the worst. Moreover, the table illustrates
the class in which each method lies. Closer the class of each method to the simulation results,
better the method is in its prediction. From the table it is clear that 3 out of 4 times, the year
predicted by the Isev method lies in the same class as that of extreme year using simulations.

4 Summary and Conclusions

For analyzing the moisture performance of the wall assembly, 3 different Canadian cities were
selected based on the different climate conditions. Number of hours when the mould index was
more than 3 were calculated for each year and were then compared with the corresponding
values for the MRY predicted using different methods. Different classes were made based on
the number of hours and the years falling in the same class were grouped together. None of the
three methods predicts the worst year with 100% accuracy when compared with the results from
the simulation over the individual year for the 31 year data set. Furthermore, when the methods
were compared against each other, it was observed that the severity index method was better in
predicting the extreme year than the other two methods for both set of climate data i.e. historical
as well as future climate scenario.

The study is limited to only 3 Canadian cities and it is of utmost importance to test more
cities with varying climatic conditions. Furthermore, among the three MRY selection methods
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chosen for the study, Isev method is limited to only North facing walls. Finally, the study uses
total number of hours when Mol>3 as the damage criteria for one set of historical and future
climate. The study could be further extended to analyze other damage functions for different
sets of historical and future climate scenarios. Future work will be to incorporate the
abovementioned limitations along with developing the moisture performance data for different
wall systems obtained by completing hygrothermal simulations over a consecutive 31-year
series of historical and future climate data. Later step will be to validate the (MRY), or a series
of MRY's using the results from the consecutive year simulations.
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