| hd |

NRC Publications Archive
Archives des publications du CNRC

Analysis of wall exterior temperature and humidity data to characterise
component aging conditions

Riahinezhad, Marzieh; Eve, Augusta; Armstrong, Marianne; Masson, Jean-
Francois

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de I'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de I'éditeur, utilisez le lien
DOl ci-dessous.

Publisher’s version / Version de I'éditeur:

https://doi.org/10.4224/40001207

Durability and Climate Change: Changing Climatic Loads as May Affect the
Durability of Building Materials, Components and Assemblies, Proceedings of
CIB/NRC Symposium, pp. 11-12, 2018-09-21

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=3b2ddd2c-7a7e-4698-ba10-f589aad991b3
https://publications-cnrc.canada.ca/fra/voir/objet/?id=3b2ddd2c-7a7e-4698-ba10-f589aad991b3

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de
Council Canada recherches Canada Canada



Analysis of wall exterior temperature and humidity data to
characterise component aging conditions

Marzieh Riahinezhad', Augusta Eve?, Marianne Armstrong® and
Jean-Francois Masson*

1. Research Associate, Construction Research Centre (CRC), National Research
Council Canada (NRC), Ottawa, ON, Marzieh.Riahinezhad@nrc-cnrc.gc.ca.

2. Technical Assistant, NRC-CRC

3. Research Council Officer, NRC-CRC

4. Senior Research Officer, NRC-CRC

Abstract

The study of building materials durability and aging are essential to characterize new products, optimize
the performance of buildings and adjust the building code for the climate found in Canada. To understand
how the properties of a material change over the span of its service life, accelerated aging is often
performed. The prerequisite to effective accelerated aging of building materials used in the building
envelope is to have a thorough understanding of the aging conditions in the building envelope. To this
effect, temperature and relative humidity data within the envelope of the Canadian Centre
for Housing Technology (CCHT) at the National Research Council of Canada was examined. This is an
instrumented house with brick cladding for which data was recorded on an hourly basis from 2004 to
2009. The data reported is for a south-facing and east-facing walls, and a south facing roof.

The temperature data for the south facing wall was used to determine fluctuations in the high-ends of the
average monthly temperatures. The monthly temperatures varied from -25 °C to +45°C for the years
2004-2009, from which the normalized average temperature distribution was calculated. The results
showed two distinct peaks one at about 0°C and the other one at 20°C (Figure 1). These two peaks
suggest the bimodal distribution of data for the “hot” months (April to September) and “cold” months
(October to March).
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Figure 1: Temperature distribution in number of hours per temperature range for a south facing brick wall.
The data is separated into hot and cold months showing bimodal distribution.

The temperature distribution for the wall was then compared to the outside temperature taken from the
Ottawa Macdonald Cartier Airport data for the year 2007. The distribution of outdoor temperatures had
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the same bimodal distribution as the wall temperatures. This leads to the conclusion that the bimodality is
not caused by the heating and cooling cycles of the house, and it is driven from the temperature changes
in Ottawa. In other words, the temperature distribution in the wall is closely related to the distribution of
outdoor temperatures. This bimodality, however, is not found in all climates. For example, analysis of
temperature distribution in Vancouver showed a single peak with a very narrow range of temperatures.

The average monthly temperatures for the roof for the years 2004-2009 were also obtained. Then, the
normalized average temperature distribution was calculated. The roof temperature data had a larger
range compared to the wall temperature data. This can be attributed to the lack of air space between the
shingles and the thermocouple in the roof. Similar to the wall results, the roof temperature distribution
showed bimodality, related to the outside temperature in Ottawa.

Daily temperature profiles were used to find the maximum hourly rate of change for the temperature. This
was done for both the wall and roof data. The maximum rate of change for the wall and the roof were
calculated at 2.13°C/hr and 7.11°C/hr, respectively. These results clearly state that the rate of change for
the roof is much higher than that of the wall. This is a key factor to be considered during the accelerated
aging of the materials in the lab.

The absolute water content was calculated from the relative humidity (RH) and temperature values for an
east facing wall during the years of 2004 to 2006. RH fluctuated from 40% to 90% on a typical year, with
an average near 70%. From RH and temperature, the absolute water content in air was found to be 5 to
16 g/m® (grams water/m® of air) in the year, with high values of 10-16 g/m® between June and September.
During half of the year, the absolute moisture content in the envelope was about 10 g/m®. This is the
basic moisture content to consider in accelerated aging methods.

The effects of air leakage on absolute humidity was also obtained, this time from secondary NRC test
huts. This data offered insight into the effects of air leakage on the wall moisture content. The setup
included a chamber on the inside of the wall to control the temperature, pressure, and relative humidity.
Different size openings, 3 to 6 mm, were made in the wall sheeting to simulate different levels of air
leakage. As expected, higher air leakage rates increased the water content within the wall.

Based on this work, more realistic accelerated aging conditions may be developed. The distribution and
the limits of temperature and moisture variations, and their rates of change within the building envelope
are all elements that will help to develop more realistic accelerated aging conditions to help estimate the
durability of building envelope materials in typical Canadian dwellings.
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