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HYGROTHERMAL PERFORMA NCE OF RH-DEPENDENT
VAPOUR RETARDER IN A CANADIAN COASTAL CLIMATE

F. Tariku, W. Maref, B. Di Lenardo
National Research Council Canada, Institute Rasearch in Construction, Ottawa, Ontario,
Canada

S. Gatland
CertainTeed Corporation, Valley Forge, PA, USA

ABSTRACT

The hygrothermal performance of wood-frame wathvstucco cladding exposed to the coastal
climate of Vancouver, BC, is studied. The prignabjective of the study is to compare the
moisture management performance of tweowa barriers: the relatively new SmartVapour
Retarder (SVR) and commonly used Polyethglsheet. For a reference purpose a wood-frame
wall with no vapour barrier is considered as wé&hle performances of these three walls, which
are exposed to the same indoor and outdoor dtinh@ads, are compared with respect to their
dynamic responses to two simulation variables: interior moisture load (simulated water intrusion
in the stud cavity) and paint on the interior gypsum board. The water intrusion is assumed to be
through defect areas and the quantity is correladéd the amount of wind-driven rain that the

wall is exposed to. The hygrothermal simulatiesults suggest that adoption of SVR as a vapour
barrier yields better moisture managementtted sheathing board (OSB) for any conditions
considered in this paper including internal mais load and interior paint. But, in coastal
climate, it may have adverse effect on the moéstnanagement of the interior gypsum board, in
cases where water leaks inkee cavity and the interior gypsum board is painted with low-vapour
permeance paint.

RESUME

Le rendement hygrothermique de murs a ossatier bois et parement de stucco exposés au
climat littoral de Vancouver, CB, est étudié. jettif de cette étude est de comparer le
rendement en terme de gestion’damidité de deux pare-vapeule pare-vapeur a perméabilité
variable selon I'humidité relative, matériatelativement nouveau, et le polyéthyléne,
couramment utilisé. Un assemblade référence sans pare-vapest inclus dans I'étude. Le
rendement de ces trois assemblages, qui empbsés aux méme conditions intérieures et
extérieures, est comparé en fonction de la réponse dynamique a deux variables simulées : la
charge d’humidité intérieure (simulant une infiltoat d’eau) et le type de peinture sur le gypse
intérieur. On prend pour acquis une infiltrationl@gau a travers un défaut de I'enveloppe et la
guantité d’eau est correlée a la quantité d’eau de pluie battante arrivant sur le mur. La simulation
hygrothermique indique que I'utilisation du pam@eur a perméabilité variable résulte en une
meilleure gestion de I'humidité pour le parement intermédiaire (OSB) pour toutes les conditions
incluses dans cet article. Toutefois, en clinigbral, cette solution peut avoir un résultat
contraire pour la gestion de I'hidité relativement au panneau ggpse intérieur, dans les cas

ou il y a infiltration d’eau dans la cavité isoléegat le gypse est peint avec une peinture a faible
perméance a la vapeur.



1. Introduction

Controlling or managing moiste and reducing the risk of moisture-related problems by
judicious design, material choice and properatation is the most practical approach for
ensuring adequate long-termripemance of wall systems. Assessing the performance of new
building materials, components or systems typically requires extensive laboratory testing or, in
some instances, elaborate and time-consuméid frials. Laboratory and field experiments are
often too selective and time consuming; a practical means of assessing the response of wall
systems to changing environmental loadsatxessible through the use of hygrothermal
simulation models.

Simulation tools are usually applied to assess the hygrothermal perferofdnalding envelope
systems and sub-systems in order to prevent moisture damage. They may also be used to create,
new and innovative envelope components or mgldnaterials by running parametric studies

with virtual assemblies or material layers. One such example is the development in Germany of
the smart vapour retarder (SVR), a humidity cdidgcbvapour retarding film describe in Kiinzel
(1998, 1999) and Kinzel and Leimer (2001)tdraon, work was done in the USA on this
innovative vapour retarder by Karagiozis (3p0Gatland (2005) and Gatland et al. (2007). It
consisted of undertaking field measurements and completing computer simulations to compare
different vapour diffusion control strategies such as the use of polyethylene sheet and asphalt
coated kraft paper (Kraft). Those studies shothedbenefit of the use of this product as a vapour
retarder but not in excessive relative humidiH) conditions such as might be found in
enclosures for saunas or swimming pools. cbmplement this initial work, the National
Research Council Canada-Institute for Resear@onstruction (NRC-IRClundertook to further
investigate the use of this product in buildirgsemblies for the Canadian climate (Di Lenardo

and Flack 2007; Maref and Tariku 2007; Maref et al. 2008).

In this paper a comparison is made betweenntbisture performance of 2 by 6-in. wood-frame
stucco-clad wall systems subjected to the coadialate of Vancouver that employ either a
polyethylene sheet, a commonly used membranedpour diffusion control, or RH-dependent
vapour retarder, often referred to as the “Smapour Retarder (SVR)”. The test case wall
assemblies considered a vapour control strateggrefdy no polyethylene sheet was used but the
interior gypsum board finish was painted.eTprimary simulation variables for comparing the
performance of these wall systems were the presence or absence of moisture entry in the stud
cavity and the use of paint on the interior gypsumard. The parametric study described in this
paper utilizes the NRC-IRC’s advanced hygrothermal mdudgRC to generate simulation
results.

2. Hygrothermal modeling

hydRC is a two-dimensional transient hygrothairmodel capable of predicting heat, air and
moisture (HAM) transport in porous buildingaterials. The governing equations for HAM
transport that are solved rygRC are a set of partial differential equations (PDES) that account
for mass, momentum and energy conservatioa rorous media. The PDEs and the numerical
scheme employed to solve these equations anentErted in Karagiozis and Kumaran (1993),
Salonvaara and Karagiozis (1994) and Karagi¢¥@97). The model has been validated with
well-controlled laboratory experiments (Mareff al. 2002a; 2002b; Kumaran and Wang 2002;
Tariku and Kumaran 2002), as well as with a fietdegiments in which an aerated concrete wall
was exposed to real indoor and outdoor climatic conditions (Tariku and Kumaran 2006). The
application of the model has been demonstrated in a number of publications, including:
Karagiozis et al. (1996), Djebbar et al. (2Q0Rlukhopadhyaya et al. (2006) and Tariku et al.
(2007).



In this paper, the hygrothermal performanceaddtucco-clad wall system is subjected to time
varying internal and external boundary condifip and as well, an additional time varying
internal moisture source is also investigatétde main input parameters that are required to
simulate the dynamic response of the wall system are: the wall configuration, hygrothermal
properties and initial conditions of each layer of material that constitute the wall assembly,
indoor and outdoor boundary conditions as well as the internal moisture source. These
parameters are described below.

2.1 Wall configuration

For this study a 2 by 6-in. (38 by 140-mm) stuctad wall system is considered. As shown in
FIGURE 1, the wall is comprised of the following layers, in sequence, from exterior to interior:
Acrylic stucco (19 mm), Sheathing membramsphalt-impregnated building paper, 0.2 mm),
Sheathing board (OSB, 12.7 mm), Insulation (Gfdssr, 140 mm), Vapour barrier and Interior
finish (Gypsum board, 16 mm). The wall configima remains the same for all the simulations
completed in this study, and only the stratedi@she vapour diffusion control are varied. The
vapour diffusion control strategies considered incladeall with: (i) no polyethylene sheet;

(ii) 4-mil (100 um) polyethylene sheet as vapour barrier, and; (iii) 2-mily &) SVR sheet as
vapour barrier. In this multilayer system, adjacent layers are assumed to be in a perfect contact
and there is no air cavity ventilation as the stucco cladding is directly applied on the sheathing
membrane.

The hygrothermal properties of all the materials that make-up the walls are taken from the
MEWS and ASHRAE research projects ddsed in Kumaran et al. (2002a, 2002b) and
Kumaran (2006). These properties include: density, water vapour permeability, liquid diffusivity,
sorption-isotherm and moisture retentioheat capacity, thermal conductivity, and air
permeability. In some simulation cases the gypsum board (interior finish) is coated with primer
and two coats of acrylic paint. According t@ timaterial properties regarf Annex 24 (Kumaran

1996) this surface finish has a vapour diffusion thickness of 0.46 m (vapour permeance of 422
ng.Pa.s’.m?. The vapour permeance of thend-Polyethylene sheet is 60 ngPst.m? As

shown iNnFIGURE 2 the vapour permeability of SVR depemaisthe relative humidity conditions

at the boundary of the sheet. As the relativenidity at the boundary increases, the vapour
permeability of the SVR also increases, but noadity in relation to the RH and following the a
power function.



Top Plate

Gypsum (16 mm)

Vapor barrier

Glass fiber insulation (152 mm)
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FIGURE 1: SCHEMATIC DIAGRAM OF A ST UCCO-CLAD WALL CONSIDERED IN THE STUDY
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FIGURE 2: THE VAPOR PERMEABILITY CHARACTERISTICS OF SVR

2.2 Boundary and initial conditions

In the hygrothermal simulations carried out irsthtudy, the wall is exposed to “real” weather
conditions on the exterior (outside) surface aodtrolled temperature and relative humidity
conditions on the interior (indoor) surface. The vegtems are consideréa be exposed to the
coastal Canadian climate of Vancouver (BritisHutitbia). According to Cornick et al. (2001),
Vancouver has a moisture index (MI) value of 1.09 in terms of the North America climatic
classification index and is considered to be aoregiith high moisture loading. Ml is a function
of two terms: the potential for wetting (based annual rainfall) and the potential for drying
(based on annual evaporation potential). Thghdii the value of MI, the more severe the
moisture loading is. Currently, the moisturedex (MI) is adopted for use in the National
Building Code Canada (2005).



In each simulation case, the dynamic response of the stucco wall system is simulated over a
period of three years. This approach is simita that used in the MEWS project for which
additional information can be found in (Beauliewakt 2002). The three years are selected from

the available weather data for the locaticasdd on the annual wind-driven rain load. The
selected years are assembled in “average-wet-yestf sequence for the simulation. The first
year is used to condition the wall, and the Ifiwéo years are used as a basis for analysing the
hygrothermal response of the wall assembBhe hourly weather data that comprises
temperature, relative humidity, wind speed, wind direction, global radiation, diffuse radiation,
reflected radiation, rain and cloud index of the location of interest are taken from IRC’s existing
climate database.

The indoor temperature and relative humidity are set, respectively’@a2tl 50% during the
winter and 24C and 65% in the summer. These sg@ti represent the worst-case scenario
(Maref and Tariku 2007) in which the high inddamidity has significant effect on the moisture
performance of a wall assembly. The heat andstme fluxes to which the internal boundary
surface is subjected are calculated using constames/af heat and mass transfer coefficients of
8 W/nfK and 5.8E-8 s/m, respectively. The heat moisture fluxes applied to the exterior
surface of the wall are calculated using varidi#at and mass surface transfer coefficients. The
heat transfer coefficient is a function of wind speed, and the mass transfer coefficient is deduced
from the heat transfer coefficient using the Lewis relation (ASHRAE 2005). The initial
conditions for all layers of the wall are assumed to be @ 28d 50% relative humidity.

3.0 Internal cavity moisture load

Water penetration has the most critical influenoethe moisture management of wall systems.
Neither vapour diffusion nor air leakage causes @vatge magnitude of moisture condensation.
The effect of water penetration may be severdlers of magnitude greater than that which
simply occurs by vapour or even liquid diffasi The presence of wall penetrations such as
windows and joints amplifies the local hygrothatnmfluences, as watdoads become many
times greater than in walls without penetas (i.e. opaque portions of exterior wall).

The internal moisture load, which simulatesn@driven rain intrusion into the wall through
defects, was determined by considering theallclimate, topography, building geometry and
orientation. The predefined water penetratiamich is expressed as the amount of water in
kilograms in a unit volumetric space, is assumedeaainiformly depositedn top of the bottom
plate in the stud cavity. The quantity of watlposited on the bottom plate is related to the
percentage of wind-driven rain that impinges thall (estimated based on Straube and Burnett
(2000) simplified method), and calculated on anrhobasis from the assembled weather data.
In this paper, 1% wind-driven rain entryassumed as per the ASHRAE Standard 160P (2008).
The hourly internal moisture loads that are éder®d during the three years of simulation period
are shown ifFIGURE 3
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FIGURE 3: INTERNAL MOISTURE LOAD IN TH E STUD CAVITY DURING THE THREE YEARS OF
SIMULATION PERIOD

4.0 Simulation Results and Discussion

Outputs derived from the simulation softwareclimde transient states of moisture content,
temperature and airflow distribution in the aahtion domain for the applied time-varying
boundary and prescribed initial conditions. Withimsteection, results regarding the change in
moisture content of the OSB sheathing boardef@gor sheathing board) and interior gypsum
board are examined in relation to different vapoumtrol strategy. Moreover, the effects that the
internal moisture loads and surface finish have on the moisture performance of the wall are
discussed. As a means of comparing the respondiéfefent walls when subjected to the same
boundary conditions, the results obtained from &timn of the three walls are presented in the
same graph. All simulations start on Janualy 1

4.1 Case with no internal cavity moisture load

FIGURE 4shows the transient moisture condition of the sheathing board, OSB, in the case where
there is no additional moisture load due to winigkr rain penetration. Generally, the moisture
content of the OSB varies over the years based on weather conditions. It accumulates relatively
more moisture in the winter and dries out in the summer period. In the case with no polyethylene
sheet, the drying and wetting potential of the OSB are significantly higher than the walls with
polyethylene or SVR vapour barriers. The S¥lows reduced moisture accumulation in the
winter compared to the case with no polyethylsheet while promoting faster drying to the
interior during summer. In the case of the wall with a polyethylene sheet, the drying potential of
the OSB to the interior is retarded by the lowapour permeance of the polyethylene. In all the
three simulation case&IGURE 5, the moisture accumulations in the gypsum board (interior
finish layer), show step-functions followingethindoor climatic condition profiles. A slightly
variable pattern is noticed in the case with no ethlylene sheet as it allows the relatively moist
OSB to dry out to the interior.

FIGURE 6 shows the relative-humidity profiles of a control volume at the back of a painted
gypsum board. The relative humidity of thedtion fluctuates highly (40 to 80%) in the case
where there is no polyethylene sheet. Wheredbgirase of the wall with polyethylene sheet the
RH of the location is relatively stable shiagy 52 and 68% RH during the winter and summer
time respectively. In the case afwall with SVR sheet the moisture condition of the location is



affected by the moisture conditions in tlexterior part of the wall such as the OSB.
Consequently, the RH of the location haslighdly larger band (upper minus lower values)
compared with the wall with the polyethylene sheet; with the polyethylene sheet the moisture
movement in the gypsum board is almostdted from the exterior part of the wall.
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FIGURE 4: TRANSIENT MOISTURE PROFILES OF OSB IN DIFFERENT VAPOUR CONTROL
STRATEGIES WITH SIMULATION CASES OF 0% WDR.
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CONTROL STRATEGIES WITH SIMULATION CASES OF 0% WDR.
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FIGURE 6 TRANSIENT RELATIVE HUMDITY PROFI LES OF A PONT AT THE BACK OF INTERIOR
GYPSUM BOARD IN DIFFERENT VAPOUR CONTRO L STRATEGIES WITH SIMULATION CASES OF
0% WDR.

4.2 Case with interior cavity moisture load

As presented above, in cases where there is teonal moisture load associated with wind-
driven rain penetration, the wood frame wall WBKWR performed better than that of walls with

or without polyethylene sheet as vapour bamiith unpainted gypsum board. The SVR sheet
provides good wall system performance giviogzer moisture accumulation in the OSB and
making the gypsum board more responsive todymamic moisture conditions of the exterior

part of the wall. In this section, results frasimulation of the same wall configuration and
boundary conditions are provided that also includentarnal moisture load in the stud cavity. In

the case of the wall with polyethylene sheet thendyr potential of the wall is almost exclusively

to the exterior since the low vapour permeance of the polyethylene hinders drying into the indoor
space. Consequently, as shownFigURE 7, the OSB accumulates higher moisture content
throughout the simulation period as compared to the cases with no polyethylene sheet or the use
of an SVR sheet. Although the case with no piblylene sheet promotes maximum drying to the
indoor space it also allows high moisture movetrfeom the interior (high vapour pressure) to

the exterior (low vapour pressure) during the winter period; this results in higher moisture
accumulation in the OSB over this period. Thall with the SVR sheet allows moderate
moisture transfer to/from the interior from/to eibe part of the wall as opposed to nearly closed
(polyethylene) or fully open (no vapour barrier) cases and results in moderate moisture
accumulation in the OSB. The total moisture content profile of the gypsum oauRg 9 is

similar to the cases with no internal moisture load.

In cases where, however, the interior gypsum baanphinted with acrylic paint, as shown in
FIGURE § the total moisture accumulation on the gypsum board is highest in the case of the wall
with SVR compared to the case of walls eithaving or not having polyethylene sheet. This is
due to the fact that the drying potential o thypsum is reduced due to the presence of surface
finish paint on one side and the SVR sheet orother side. Consequently, the moisture that the



SVR sheet allows into the gypsum during thgirdy process of the intruded water builds up due

to the resistance of the paint. The walls havingot having polyethylene show better moisture
conditions on the gypsum board as compared to SVR for different reasons. The polyethylene
won't allow moisture movement from the moistsen of the wall (cavity) to the gypsum board

in the first place. In the case of the wall with-vapour barrier, the gypsum board has a potential

of receiving more moisture than the case with SVR but it also has a higher drying potential
towards the exterior, as there is no retarding mddig means that the gypsum can dry both to

the interior and exterior depending the moisture balance conditions.

FIGURE 9shows the moisture condition (relative humidity) of a control volume at the outermost
surface of the gypsum board in simulation cases imt#trnal cavity moistte load and painted
interior finish. In the case of the wall with potiiglene sheet, the relative humidity of the point

of interest fluctuates between 55 and 70%. Whereas in the case of the wall with SVR, the same
point of interest sustains relatively high relathumidity (>95%) for an extended period of time
during the second and third year of simulation. In the case of the wall with no- polyethylene
sheet, the relative humidity of the point of interest is also high but does include some drying
patterns.

The results from the parametric study carried and described in this paper generally suggest
that use of the SVR sheet helps maintain acbéptaoisture levels on the OSB sheathing for all
conditions evaluated in the study. However, in instances where the gypsum board is painted with
a low water vapour permeance coating, is® umay increase moisture accumulation on the
gypsum board in the presence of an interwality moisture load. Given that homeowners
customarily paint the interior of their homes festhetic reasons, and there may be accidental
rain penetration over the period of use, it is recommended that for the coastal climates considered
in this study, the SVR sheet be used in goaofion with paints that have high water vapour
permeance.
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FIGURE 7: TRANSIENT MOISTURE PROFILES OF OSB IN DIFFERENT VAPOUR CONTROL
STRATEGIES WITH SIMULATION CASES OF 1% WDR.
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CONCLUSIONS

In this paper a comparison is made between the moisture performances of 2 by 6-in. wood-frame
stucco-clad wall systems subjected to the coadialate of Vancouver that employ either a
polyethylene sheet, a commonly used membrane for vapour diffusion control, or the RH-
dependent vapour retarder, ofteffierred to as the “Smart Vapoeetarder (SVR)”. The primary
simulation variables for comparing the perforoes of these wall systems were the presence or
absence of moisture entry in the stud cavitd @aint on the interior surface of the gypsum
board. Analysis of the hygrothermal simulati@sults suggests that the cases wherthere is

no water entry, the wall systems that emp®ByYR showed the best hygrothermal performance
compared to the ones that have either a pojjetle sheet or no polyethylene sheet. Moreover,
the yearly moisture accumulation on the extesioeathing (OSB) is less in the case of the wall
with SVR compared to the two other wall systems regardless of the surface finish of the interior
gypsum board (with or without paint). In dliree simulation cases with no rain penetration



within the cavity, the moisture accumulationstie gypsum board (interior layer) show step-
functions that follow the response profile of indoor climatic conditions.

In the case where an assembly has no paint omtir@or gypsum board but water is deposited

in the stud cavity due to rain penetration, 8\R helps to manage the moisture accumulation in

the OSB to an acceptable level. For the same simulation scenarios, a wall system with a
polyethylene sheet results in the highest yearbisture accumulation on the sheathing board.
For the particular wall and climatic conditionsnealered in this study, the worst-case scenario

for the wall assembly incorporating a SVR ocoubgen the interior gypsum board is painted and

rain penetration in the stud cavity is assumedhis scenario, the moisture accumulation in the
OSB is still much less than the wall assembiieorporating polyethylene or wall assemblies
having no polyethylene; however the moisture accumulation in the interior gypsum board is
found to be excessive compared to the other two wall systems.

Generally, use of SVR as a vapour barrierdgea better moisture management of sheathing
board (OSB) for any of the conditions consideirethis study including the condition where an
internal cavity moisture load is simulated togethiéh the use of paint on the interior finish. But

it may nonetheless have adverse effects on the moisture management of the interior gypsum
board in cases where the wall is subjected tantarnal cavity moisture load and the interior
gypsum board is painted with a low wat@peur permeance paint. Although the modeling
results indicate that low permeance paintikely results high moisture accumulation on the
interior finish, this outcome would have to b&lidated by experiment. Until such experiments

are carried out, the authors recommend a conservative approach be adopted in coastal areas in
which either no or a high vapour permeance paint is used on the interior finish.

REFERENCES

ASHRAE. 2005. ASHRAE Handbook—FundamentalShapter 5-Mass Transfer. Atlanta: American
Society of Heating, Refrigerating @ir-Conditioning Engineers, Inc

ASHRAE. 2008 BSR/ASHRAE Standard 160P, Créefior Moisture-Control Design Analysis in
Buildings Atlanta: American Society of Heatingefrigerating and Air-Conditionning Engineers, Inc.
Draft for public review.

Beaulieu, P.; Bomberg, M.T.; Cornick, S.M.; Dalgle W.A.; Desmarais, G.; Djebbar, R.; Kumaran,
M.K.; Lacasse, M.A.; Lackey, J.C.; Maref, WMukhopadhyaya, P.; Nofal, M.; Normandin, N.;
Nicholls, M.; O'Connor, T.; Quirt, J.D.; Rousse&iLZ.; Said, M.N.; Swinton, M.C.; Tariku, F.; van
Reenen, D. 2002, Final Report from Task 8 of MEWS Project (T8-03) - Hygrothermal Response of
Exterior Wall Systems to Climate Loading: Methodology and Interpretation of Results for Stucco,
EIFS, Masonry and Siding-Clad Wood-Frame WaRgsearch Report, Institute for Research in
Construction, National Research Council Canatld, November 01, 2002 (RR-118)

Cornick, S.M.; Chown, G.A.; Dalgliesh, W.A.; Djeér, R.; Lacasse, M.A.; Nofal, M.; Said, M.N;
Swinton, M.C. and Tariku, F. 2001. Defining climate regions as a basis for specifying requirements for
precipitation protection for walls, OttawaCanadian Commission on Building and Fire Codes,
National Research Council of Canada, pp. 36 (NRCC-45001).

Di Lenardo B., Flack,). 2007. “MemBrain- Vapour Barrier and Air Barrier System”, Evaluation Report
No. 13278-R, Canadian Construction Materials Centre, Institute for Research in CamstN&tional
Research Council of Canada, June 27, 2007

Djebbar, R, Kumaran, M.K; Van Reenen, Dand Tariku, F.2002. Use of hygrothermal numerical
modeling to identify optimal retrofit options for high-rise buildings 1Rtternational Heat Transfer
Conference, Grenoble, France, pp. 165-170

Gatland, S.D. 2005 Comparison of Water Vapour Permeance Data of Common Interior Building Materials
in North American Wall Systems. #0Canadian Conference on Building Science and Technology,
Ottawa.

Gatland, S.D., Karagiozis, A.N., Murray C. and Ueno K., 2007 The Hygrothermal Performance of Wood-
Framed Wall Systems Using a Relative Humidigpendent Vapour Retarder in The Pacific
Northwest. ASHRAE Transaction 2007

Karagiozis, A.N. and Kumaran, M.K. 1993. Computer Models for Hygrothermal Analysis of Buildings
Materials and Components Conference of the CFD Society Of Canada, Montreal, Quebec, Canada, pp
203, 1993 (NRCC-36059)



http://irc.nrc-cnrc.gc.ca/dbtw-wpd/exec/dbtwpub.dll?AC=SEE_ALSO&QF0=Author&QI0==%22Djebbar,+R.%22&XC=/dbtw-wpd/exec/dbtwpub.dll&BU=http%3A%2F%2Firc.nrc-cnrc.gc.ca%2Fircpubs%2F&TN=pubs&SN=AUTO16517&SE=842&RN=38&MR=50&TR=0&TX=1000&ES=0&CS=1&XP=&R
http://irc.nrc-cnrc.gc.ca/dbtw-wpd/exec/dbtwpub.dll?AC=SEE_ALSO&QF0=Author&QI0==%22Kumaran,+M.K.%22&XC=/dbtw-wpd/exec/dbtwpub.dll&BU=http%3A%2F%2Firc.nrc-cnrc.gc.ca%2Fircpubs%2F&TN=pubs&SN=AUTO16517&SE=842&RN=38&MR=50&TR=0&TX=1000&ES=0&CS=1&XP=
http://irc.nrc-cnrc.gc.ca/dbtw-wpd/exec/dbtwpub.dll?AC=SEE_ALSO&QF0=Author&QI0==%22Van+Reenen,+D.%22&XC=/dbtw-wpd/exec/dbtwpub.dll&BU=http%3A%2F%2Firc.nrc-cnrc.gc.ca%2Fircpubs%2F&TN=pubs&SN=AUTO16517&SE=842&RN=38&MR=50&TR=0&TX=1000&ES=0&CS=1&XP
http://irc.nrc-cnrc.gc.ca/dbtw-wpd/exec/dbtwpub.dll?AC=SEE_ALSO&QF0=Author&QI0==%22Tariku,+F.%22&XC=/dbtw-wpd/exec/dbtwpub.dll&BU=http%3A%2F%2Firc.nrc-cnrc.gc.ca%2Fircpubs%2F&TN=pubs&SN=AUTO16517&SE=842&RN=38&MR=50&TR=0&TX=1000&ES=0&CS=1&XP=&RF

Karagiozis, A.N.; Salonvaara, M.; Kumaran, M.K996. Numerical simulation of experimental freeze
conditions in glass-fiber insulation. Building Physics in the Nordic Countries, Espoo, Finland, pp. 455-
465

Karagiozis A, N. 1997. Porous media transport in building systems Canadian CFD Society Conference,
Victoria, BC, pp 7-21 to 7-25

Karagiozis, A.N. 2003. The hygrothermal Performance of MemBrthie Smart Vapour Retarder in North
American (USA) climatic Conditions Report rfcCertainTeed Corporation, Oak Ridge National
Laboratory, Oak Ridge, TN

Kinzel, H.M., 1998. The Smart Vapour Retarder: an Innovative Inspired by Computdat®insu
ASHRAE Transactions 1998, Vol. 104/2, pp. 903-907

Kinzel, H.M., 1999. Flexible Vapour Control Solviekisture Problems of Building Assemblies-Smart
Retarder to Replace the Conventional PE-Film Jdwi@hermal Envelopes &uilding Science, Vol.

23, pp. 95-102

Kinzel, H.M., & H.P. Leimer, 2001. Performance of Innovative Vapour Retarders Under Summer
Conditions ASHRAE Transactions part 1, pp. 417-420

Kumaran, K. 1996. Final Report, Task 3: Material properties. International Energy Agency, Energy
Conservation in Buildings and Community Systems Program, Annex 24 Heat, Air and Moisture
Transfer in Insulated Envelope Parts (HAMTM) bbaatorium Bouwfysica, K.U.-Leuven, Belgium.

Kumaran, K.; Lackey, J.; Normandin, N.; van Reer&n Tariku, F. 2002a. Summary Report from Task 3

of MEWS Project at the Institute for Research in Construction - Hygrothermal Properties of Several
Building MaterialsResearch Report-IRC-RR-110, Institute for Research in Construction, National
Research Council Canada, pp. 73

Kumaran, K.; Lackey, J.; Normandin, N.; Tariku, F.; van Reenen, D. 2002b. A Thermal and Moisture
Transport Property Database for Common Building and Insulating Matdtiaid, Report—ASHRAE
Research Project 1018-RP, 229 pgs.

Kumaran, M.K.& Wang, J. 2002. How well should one know the hygrothermal propefrtirslding
materials?A Thermal and Moisture Transport Property Database for Common Building and Insulating
Materials, Appendix I, ASHRAE Raseh Project 1018-RP Final Report

Maref, W., Lacasse, M. A, Kumaran, M.K. and Swinton, M.C.2002a. Advanced Hygrothermal Model-
HygIRC: Laboratory Measurements and Benchmatkith International Eat Transfer Conference
(18-23 August 2002, Grenoble, France)

Maref, W., Lacasse, M. A, Kumaran, M.K. and Swinton, M.C. 2002b. Benchmarking of the Advanced
Hygrothermal Model-HygIRC with Mid Scale Experiments, eSim Conference-IBPSA-Canada-
Montreal (Sept. 12-13, 2002)

Maref, W. & Tariku, F., 2007. Assessment of Vapour Barrier Performance and Drying Effects Toward the
Interior for Canadian Climate Report for CertainTeed Corporation, National Research Council Canada,
Institute for Research in Construction, Canada, June 2007.

Maref, W., Tariku, F. & B. Di Lenardo, 2008. NRC-IRC develops evaluation protocol for innovative
vapour barrierConstruction Innovatiorl 3, (2), June, pp. 6, June 01, 2008

Mukhopadhyaya, P.; Kumaran, K.; Tariku, F. and van Reenen, D. 2006. Application of hygrothermal
modeling tool to assess moisture response of exterior wallsnal of Architectural Engineering
12(4): 178-186

National Building Code of Canada 200ational Research Council Canada, Ottawa

Salonvaara, M.H. and Karagiozis, A.N. 1994. Moisture Transport in Building Envelopes Using an
Approximate Factorisation Solution Method, CFD Society of Canada, Toronto, June 1-3, 1994

Straube, J.F. and Burnett, E.F.P. 2000. $fregd Prediction of Drivng Rain DepositionProc. of
International Building Physics Conference, Eindhoven, September 18-21, pp. 375-382

Tariku, F. and Kumaran, K. 2002. Experimental and analytical investigations on the drying process

undergone by aerated concrefeThermal and Moisture Transport Property Database for Common
Building and Insulating Materials, Appendix ASHRAE Research Project 1018-RP Final Report

Tariku, F.; Kumaran, M. K. 2006. Hygrothermal Modeling of Aerated Concrete Wall and Comparison
With Field Experiment, Proceedings of the 3rd International Building Physics/Engineenfer&ee,
August 26-31, Montreal, Canada, pp 321-328

Tariku, F.; Cornick, S.; Lacasse, K007. Simulation of Wid-Driven Rain Effect®n the Performance of
a Stucco-Clad Wall, Proceedings of Thermalfétenance of the Exterior Envelopes of Whole
Buildings X International Conference, Dec. 2-7, Clearwater, FL



	aQKXtsvLx91GE8433718675372934346.bin
	amkWzuUFKrqYf6027242706561324974.bin
	ABSTRACT
	1. Introduction
	2.1 Wall configuration
	2.2 Boundary and initial conditions


	3.0 Internal cavity moisture load
	4.0 Simulation Results and Discussion
	4.1 Case with no internal cavity moisture load
	REFERENCES
	51275.pdf
	Hygrothermal performance of RH-dependent vapour retarder in Canadian coastal climate
	NRCC-51275
	Tariku, F.; Maref, W.; Di Lenardo, B.; Gatland, S.  
	May 2009


	/




