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ABSTRACT

Effect of Vapor Diffusion Port othe Hygrothermal Performance of Wodtame

Walls

Ben Zegen Reich

Vapor diffusion pod (VDPs)that are drilled in the exterior sheathing of wdoame walls are
commonly used in woattame construction in the coastal region of British Columbia with the
intention to improve thdrying capacity of woodrame exterior walls. This practice was
originatd following the systematic building enveldpéures due to rain penetration that
occurred in this region around 198995. A previous laboratory study carried out by
FPInnovations found thAtDPs provided substantial improvement in the drying ratesSB O
sheathed walls, but not for plywood sheathed walls. A more recent laboratory test using wood
frame walls with higher insulation levels in compliance with the current more stringent energy
code found thaVDPs did not significantly improve the drying eatOn the other hand, the
provision of VDPs may allow moisture ingress into the wall assembly insteadlamp
environmentThe difference in these two studies in terms of test wall sizes, moisture sources,
and test conditions may have attributed todifierent findings To provide a more
comprehensive and systematic evaluation of the effe¢béfs, hygrothermal simulationssing
WUFI 2D are carried ouh this study The WUFI 2D model is firstly validated by comparing

simulation resultso measuremestrom tests carried owtnder laboratory conditions by using a



wettedwood blockinstalled inside each test wall assemdya simulated moisture source. The
simulation results agree well with the measurementsvaheated nodel is then used for
parametricstudywith different levels of rain leakagkeposited on wall assembliggth and
without VDPs using yearly weather data. The varialsiesliedincludetypes of exterior
insulation, types of sheathing (OSB versus Plywood), types of sheathingramenand the
location of rain depositiarit is found thatvDPs havethe ability to improve the rate of drying
that is directly related to the moisture content of the wall assembly, although the improvement is
moderateeven for highmoisture levelsAs aresult, moisture content levetswalls with VDPs
arelower during the wet seasdut remain the same in other times of the yeaaddition, the
times to dry from high moisture content to safe levels is reduced by approximateiyngl@¥o
high initial MC assumed in sheathinglold-index calculatiorshows thathe improvement®n
drying provided by VDP#&ave little contribution fromthe perspective omold growth risk.
VDPs are found to be more beneficial$B sheathed walls thamplywood sheathed walls
and less beneficial when coupled with an exterior insulation layer, due to the lower overall

moisture in such assemblies
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Chapter 1. Introduction

1.1. Problem statement

Moisture content MC)of ar i ous el ements of a buildingds wse
durability. In areas with high rates of seasonal wetpioigntialsuch as the coastal region of

British Columbia(BC), a practice ofprovidingvapor diffusion pog (VDPs) in the exterio

sheathing of woodrame exteriorwalls o encourage drying was intro
and has gained popularity in the reg{etazleden and Morrj2001) Many previous works

address the durability of wodidame construction assemblies in genexal] the drying ability

aspects of these assemblies in particular. A clear link has been demonstrated between the ability

of a building assembly to dry and durability consequences in the event of undesired wetting of

the assemblyHazleden and Morrjsl999 Fazioet al, 2006 Fazioet al, 2007;Ge and Ye,

2007;Smegal and Straube, 2007; Straube and Finch, Zf¥@jcket al., 2010; Fox, 2014;

Glass et al., 2016; Lawton, 1998lowever, little research work has been done to investigate the

effect of VDPs on building assembly durability.

There are mainly two laboratory experimeautsthe inclusion o¥DPs in walls Hazleden and

Morris (2001)compared drying rates &ill-scalewoodframe assembliesith framing wetted to

high level of moisture contentsifially using a large environmental chaml@derlaboratory

conditions with thenclusionof VDPs. The moisture contents of sheathing were measiired.

was found that for OSB sheathed wallPs hal a substantial effect ahedrying of sheathing

with typical MC levels in the sheathing being 386% without aVDP and 22%25%with a

VDP after the drying procesBor plywood sheathed wall§DPs had very little effect on drying



performance. Wang (2018) tested Y@Ps applied on more recebtit smallefbuilding

assemblies, including deep cavity walls and exterior insulated assemblies undestteEady
laboratory conditionsThe moisture contents of an initially wetted wood blocked placed over the
bottom plate were measured. The stadgcluded tha¥DPs had insignificant effects on drying

of the wet wood block simulating a rain leakage scerfariassembliesheathed in OSB or
plywood.Instead the provision oDPs may allow moisture ingress into the wall assembby in
dampenvironmentTheseprevious studies focused on laboratory testing under simulated -steady
state weather conditiommdarrivedcontradictoryconclusionsThe difference in these two

studies in terms of test wall sizes, moisture sources, and test conditions may havedattribute
the different findings

In addition, some previous work have investigated the us®#8% in roof assemblies various
climates(Ueno and Lstiburek20152016,2019Karagioziset al., 2019)In these cases thDP

was included in the ridge of the roof in place of traditiom@die ventilation and compared to
unvented and traditionally vented roof assembligth no VDP It was found that the inclusion

of aVDP at the ridge of the rookducedelative humidity and misture content levelsf the

roof sheathingbut in cases where the unvented assemidgentsnoisture relatedurability

risks, the improvemenprovided by VDHs often notsignificant enough toemove themoisture

risk.

1.2. Objectives of the current study

The drilling of VDPs in sheathing may compromise the structural integrity of sheathufiipe
air-tightnessand increase construction cost and time. Given the contradictory findings from
previous laboratory tests, this stugiyns to provide a more congirensive and systematic

evaluation of the effect afDPs on thehygrothermal performanad woodframed wall



assemblieshrough transient hygrothermal simulations representing more realistic climatic

weather conditions and moisture loagsng validatedygrothermal models

1.3. Outline of the thesis

Chapter 2 provides a literature review and is diviehal three sections: durability aspects of
wood-framed assemblies, vapor diffusion ports in walls and vapor diffusion ports in roofs. A
knowledge gap iglentified in the state of current research.

Chapter 3 describes the methodolegyployed in this thesisork. It first describes the
hygrothermal modelalidationprocess by comparison withe measurements froarecent
experimentarried ouby Wang (2@8). Thevalidated model is then used to simulate three
moisture loading scenarios, whiphesent an evolution from a model similar to the one used in
the validation experiment to a model that is more representative of service conditions of a wall
with a vapor diffusion port. The firstcenariauses a wet wood block as a source of moisture,
similar tothe experiment by Wang (2018). The secaeenario assumesirious levels of initial
moisture content of the sheathing, to examine the drying process dieaghing without an
active source of wetting. Finally, the thisdenario assumesfraction of rain deposition on the
sheathing as a moisture sourcedpresenteallife conditions for theassessment of the effedt

a vapor diffusion port.

Chapter 4oresents the modeling results in termshaf effect of vapor diffusion ports on the MC
of various components in theall assemblylt is divided into three subections, one for each
loading scenari@as previously described. For each-selstion, the paraners affecting the
performance of vapor diffusion ports are studreddudingsheathing material, wall orientation,
the addition of exterior insulation in the form of XPS and mineral ywavaweather file. Mold

index analysis is also performed for the glation cases presented, with the intention of



introducing an alternative performance criteria to demonstraiffinet of vapor diffusion ports

in addition toMC levels. Mold index calculatiorfsllow the procedure prescribed BSHRAE

Standard 16@016(ASHRAE Standard 16@®009)and two sensitivity classes are used, one

fisensitivé® representing &pical conditionand the otheii ver y sensiti ved repre
case condition

Chapter 5 is a summary of the conclusions and firglisngd includesecommendations for

future work.



Chapter 2. Literature review

The vapor diffusion porteeported in literature are included in two locations in building envelope
assemblieswalls and roofs. This work focason vapor diffusion ports in walls, however the
literature review includeboth types for completeness, in addition to a broader review of

previous studies on the topic of wetrdme construction durability.

2.1. Wood-frame construction durability

The following worksexplored the relationship between a buildingessd y 6 s abi |l ity to
its durability Hazleden and Morris (1999) studied moisture related damage to buildings in the
wet cold climate of coastal British Colombia and phrased the concept of the 4 Ds: Deflection,
Drainage, Drying and Durable materialshié the firsttwo principlespromote the prevention of
wetting of the assembly and the use of rainscreens oveséated walls, ththird principle

recognized that construction is imperfect and assemblies should be designed to be able to dry in
the evenhof wetting and to deal with initial construction moisture. Tawath principle is the use

of material with low sensitivity to moisture to allow some tolerance to wetting events and to
allow the assembly time to dry back to safe MC levels.

Fazio, Rao, Alrkistani and Ge (2006) designed a laboratory experiment to study the drying
capacity of 31 variants of woeddame wall assemblies. The moisture source used was a water
tray placed on the bottom plate of the assembly and measured regularly for weight. The
experiment was conducted in a test chamber, with outdoor conditio?@ @@ 76% relative

humidity, and indoor at?C and 35% relative humidity. Wall assemblies were measured for

MC, relative humidity and temperature in multiple locationsdsfound that MC

concentrationsvereclose to the bottom side of the wall assemblies and dechedts the



height along the wall. MC values shawincrease witlthe use of vapormpermeabletucco

cladding due to limited drying capacities.

Fazio, Mao, GeAlturkistani and Rao (2007) developed and defined the Drying by Evaporation
Index (DEI) of a wall assemblywhichr e pr esent s the assemblyds abil
movement to allow its drying. The DEI of an assembly is a product of its design, cartgpone

and airtightness, and also of environmental parameters the assembly is subjected to. A
laboratory experimemnwas used to demonstrate this concept, with 6 wioache wall assemblies

in different configurations and a water tray in the bottom of thexddgeas a moisture source.

The evaporation rate in the assembhiesfound to correspond to the calculated DEI, and DEI
wasfound to be a possible indicator of the relative drying capacity of wall assemblies.

Wang (2016) investigated the drying and weftpotential of various woebased building

products and found that sheathing products such as OSB and plywood present a very high water
absorption potential, coupled with medium drying potential, which puts these products at
durability risk. The high wateabsorption potential is due to increased amounts efesid

compared to solid wood products, which makes these products more susceptible to deep wetting.
Various measures are introddde prevent moisture damage to these kind of products, such as
edgesealing, transit coatings, limiting of construction moisture intake by reducksgeon

exposure time, and ensuring high ventilation rates.

Lawton (1999) wrote a paper on building envelope durability problems in the Vancouver area in

t he | a tasedyrdndabesentry. It was found that water entryllggeater effects on the

wall assembly durability than condensatfoom theinterior moisture. 90% of the failures found

were in interface details such as windows and other building envelope opeegayd|ess of

material choices such as sheathing and membrane types. Remedial soletepr®posed



mainly with detailing of openings such as window installation that promote deflection, drainage
and drying of the opening.

With the understanding of theaportance of drying capacity of building assembly to its
durability, he following works explored theoncept oincluding a ventilation cavity behind
claddi ng, kK n o w,nin oader to &ncdurage idryirggershigelel (1990) investigated
the rainsreen wall concept in reference to weloa@me construction compared to face sealed
walls and found thatinscreen walis superior for reduction in wetting of the wall assembly due
to better water penetration control. Parameters of the rainscreen systeassrea of vent
openings, cavity volume, stiffness of air barrier plane and cladding, and compartmentalization
are compared. The study was done through field testing@américalmodelling.

Ge and Ye (2007) studied rainscreen cavity and vent desigmpeters to improve drying of

panel wall assemblies, for cold and humid climatewatt found that ventilation airflow ratgas

a determining factor in the maximum drying capacity provided by a rainscreen system, and that
an optimum ventilation rate exisgurpassingvhich did not result in increase in drying and

could have adverse effects on dryifige ontrol of ventilation aiflow ratewas achieveby
changing cavity depths and slot vents heights to change the size of the opening.

Straube and Finch (2008arried outl-D hygrothermal simulations to study the effect of a
ventilated space behind wall siding on the ability ofwladl to dry, and compadzhe results to

field studies. Ventilation rates were calculated using fluid flow equations and found to be in
agreement with filed and laboratory measurementsfiaduhgs onthe effect of ventilation

space design on ventilatioateswere providedThe rate of ventilation was found to have a

direct effect on the rate of drying of the wall assembly. Hygrothermal models of various wall



assembliesverefound to accurately predict field data of ventilated wall assemblies in
Vancouve, BC and Waterloo, Ontario.

As the addition of an exterior insulation layer to wdame construction increases in
popularity,the following works address the hygrothermal effect of exterior insulation on the
building durability.Maref, Armstrong, Rouss@ and Lei (2010) investigated the effect of adding
XPS and semiigid mineral fiber insulation to a woeldame wall, with and without deficiencies
in the air and vapor barriers and under various interior and weather conditwas fdiund that
while theaddition of exterior insulation reduténhe potential for wetting due to condensation
within the wall cavity, it limiedthe ability of the wall to dry, although specimens that
experienced wintertime wetting due to condensation were able to dry dursyyitig without
apparent damage.Was also found that air leakage was a major contributor to creating wetting
conditions.

Fox (2014) compared durability aspects of a standard 140 mm cavity wood frame wéirgath
types of exterior insulation walls ando types of deep cavity walls, through field testing and
simulation. It was found that the risk of moisture related problems was reduced for exterior
insulation assemblies, especially neafl@ak locations. These assemblies showed lower MC
values anddwer mold index values due to sheathing and framing material beingtiept
temperature above dew point. Within the exterior insulation assembliestigehmineral fiber
performed best due to high vapor permeability allowing drying to the exterior.

Glass, Yeh and Herzog (2016) studied the effects of exterior insulation on the drying capacity of
woodframed walls assemblies with OSB sheathing. XPS and mineral wool were used as exterior
insulation materials to be investigated. Field testing was condoetadlacoma, Washington,

climate zone Marine 4. Wall assemblies clad in each exterior insulation material were installed in



a test hut oriented to the north and the south. MC and temperature measurements were conducted
for a period of a two years. Withoatlditional wetting sources, all wall assemblies show MC
under 14% for all measurement locations with a 2% MC seasonate@rathin the durability
safe range. One dimensional hygrothermal simulations were conducted\isiigPro and
compared to the teassemblies and it was found that the simulations correctly predicted the
average yearly MC and seasonal trend but-pvedicted the seasonal variance to be 6% MC.
Smegal and Straube (2011) created one dimensional hygrothermal simulation&/uUsikg to
investigate the drying rate of plywood sheathed wivathe assemblies with XPS and mineral
wool exterior insulationTheinitial sheathing MGvas set t&d0%, and simulations were run for
90 days with two starting dates, January and Jum&s found themineral wool allowed for
better drying than XPS exterior insulatidm.January, mineral wool MC after 90 days was 22%
compared to 42%or XPS, and in June mineral wool MC after 90 days was 10% compared to
26% for XPS

Glass (2013) created one dimensional hygrothermal simulations\W&iigd-5 to investigatehe
moisture performance ¢¢nOSB sheathed woellame wall assemblies located in Baltimore,
Maryland, climate zone 4A. It was found tleten comparingvalls with XPS and mineral wool
exterior insulatiorto walls without exterior insulatigrOverall MC is lower, the seasonal
variance in MC is lower, and the minimum and maximum values of MC occur slightly later in
the year. Walls with XPS exterior insulation were foua dry significantly slower thaihneones
with mineral wool or no exterior insulation, with times to tiryuinder a 16% MC threshottiree

to six times longer.

The following works focus on the use of hygrothermal simulations as a tool to predsttre

content of building assemblies and its effect on durapaityl explore different aspects of the



simulation parameterts acasse, O6connor , Nunes thend Beaul i e
hygrothermal responses fofur common siding systems (stucco, masonit#3; and wood and
vinyl siding) to a range of water leakage loads, using a combination of laboratory
experimentation and-2 modeling. Intentional deficiencies in the wall assembly detailing
allowed water leakage into the wall assemblies. Experiments nesn assembly of various
water spray rates and pressures. It was found that the resulting rates of water collection in
relation to the water deposited on the wall were on average approximately 1%.

Cornick, Dalgliesh and Maref (2010) investigated the ifgitg of simulated MC and mold

index to variations inrainfalldats i nd® MYy gl RCo0 as a simulation to
Abdulghani and van Reenen, 2004 typical wood frame wall wassed, comprising face
sealedStucco siding with asphalt pageeickingand no cavity ventilatioriThe wall was

simulated in 10 locations representative of most Canadian regions for the nominal recorded
conditions and for a variation of £20%, and the variation in the results was small, significantly
smaller than the 2@ input variation. Though the stated purpose of the suadyto assess the
sensitivity of the simulation results to uncertainties and incomplete rainfall dats, also valid

for natural variations in weather conditions and demonstthtt hygrotherral simulation
resultsweresomewhat independent of variations in rainfall amotihis may be due to the type

of wall assemblies and the moisture sources used in the moddh, duthicotassume no rain
penetration into the wall assemblies.

Kinzel and Zirlelbach (2013) investigated the use hygrothermal simulations to allow for
imperfections in a hygrothermal model by introducing rainwater penetration at component
interfaces, with the intention of accounting for imperfections in the assewitilg represerig

best practice situatiormit not poor workmanship. The work propddbat 1% of the driving
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rain hitting the building facade should be used as a moisture source at the area prone to rain
leakage behind the exterior cladding. An Exterior insulatiorfiargh system (EIFS) was

selected as an example and it was shown that hygrothermal simulation results under perfect
installation conditions presented no moisture problems, however using penetrating rain load as
discussedaisedMC levels ovetheacceptal# durability thresholds.

Van Den Bossche, Lacasse and Janssens (2011) conducted a literature review on water
infiltration through brick masonry walls, with a focus on recent practices of reducing the depth or
filling the drainage gap behind masonry wstiray foam insulation. Was found that such

practices significantly redudehe drying capacity of the wall assembly. A simplified method of
hygrothermal modelingvasrecommended to account for water leakage by assuming that 1% of

the driving rain infiltates into the wall assembly.

2.2. Vapor diffusion ports in walls

The term Avapor di f theashitechBrign®alnqoist of Bre Pacifci ned by
Architecture for a 1999 project completed in BC, where 75 mm holes were cut into the sheathing
materialat the top and bottom of wood stud spaces (Hazleden and Morris,f@0@ig purpose

of promoting drying at locatiortsaving greater risk of rain penetration and moisture danfage
evaluate the effectiveness of these VDP on dry#tagleden and Morris 1) compared drying

rates offull-scalewood-frame assemblies in laboratory conditiarséng a large environmental
chamberwith the addition of vapor diffusion portSraming members were wetted to high level

of moisture contents initiallyTestconditions were % at 70% relative humidity on the exterior

and 20C at 40% relative humidity on the interior, with simulated solar radiation cycles. Test
assemblies were immersed in water to achiegbk levels oMC in the sheathing and after

draining ®t drying conditions for 71 days.\vitas found that for OSB sheathed walls, vapor
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diffusion ports hd a substantial effect on drying, with typical MC levels in the sheathing being
34%-36% without a vapor diffusion port and 2226% MC with a vapor diffusioport. For
plywood sheathed walls, vapor diffusion ports have very little effect on drying performance.
Wang (2018) arried outan experiment to test the application of vapor diffusion ports on more
recent building assemblies and materials, including deejy walls and exterior insulated
assemblies, and concluded that vapor diffusion ports have insignificant effects on drying for

assemblies sheathed in OSB or plywood. The experiment is described in detail inZéction

2.3. Vapor diffusion ports in roofs

The most commonly built attic assembly is a ventilated attic, where the attic space is separated
from the interior and ventilated to remove exfiltrating heat and moigtuseme cases it is
undesirable to create a ventilated attic assembly:
1. In hurricane pone areas, i.e. the US southeast, where wind driven rain through roof vents
is estimated to cause 20% to 30% of hurricane water dathagleurek 2015)
2. In areas with high risk of wild fire, with embers carried by air currents capable of
enteringvented oofs(Lstiburek 2015)
3. In extremely cold temperatures, where snow particles can become very fine and penetrate
vents or unsealed openin@se, WangandBaril, 2018.
4. Near the ocean, where waves cause salt water to be aerosolized and the salt could be
carried by wind into roof vents, causing corrosjbstiburek 2017)
In cold climates, when the attic cannot be ventilated, it is in risk due to moisture build up from
interior sources, namely exfiltrating moistdeelen air. For these cases a solutios een
proposed in the form of\eapor diffusion port, sometimes also referrethtthis applicatioras
Diffusion Vent (DV), which is a traditional ridge vent system where the vent area is covered

12



with a vapor open membrane (suctspan bondegbolyolefin) or sheet good (such as fiber faced

gypsum board), resulting in a vent that is watertight and airtight but vapotmpanourage

drying of the roof assembly.stiburek 2015) The following works examine and compare the

use of such diffusion ports taatfitional unvented and vented assembilies,

Ueno and Lstiburek (2015) fiede st ed t he drying effect of a fAD
ridge of a roofing system. Field tests were conducted in Chicago, climate zone 5A, and in

Houston, climate zone 2A. Inhiago, a test roof was constructed vadvendifferent roofing
systems installed, number #6 wusing a diffusio
Gypsum board with latex paint-B8 cel | ul ose, dense packed; 7/ 1
asphalt shingleAn8 6 wi de strip of glass fiber faced gy
vent. Temperature, moisture content, and relative humidity were measured at multiple locations

for each roof system over a periodesghtmonths, correspondirtg a winter and the following

spring/early summer. Interior conditions wer@Q2and 50% relative humidity.

It was found that when compared to unvented roof assemblies, the diffusion vent assembly dried
significantly more rapidly during the spring asgimmer, showing much lower levels MC and

relative humidity. For long duration of the springtime, the unvented assembly had over 65% MC
whereas the diffusion vent assembly was under 20% MC.

Ueno and Lstiburek (2016paied outanother field tesbf VDPs inroofs for a warmer climate

in Orlando, climate zone 2A, comparing an unvented cathedral roof to a similar roof with a

diffusion vent. MC and relative humidity dat&the roof sheathing at the ridge of the ra@fre

collected for both roofs from Novemb2014 to August 2015. Wasfound that for long

durations of the springtime, MC in the unvented assembly was328%wherea$/IC in the

diffusion vent assembly was under 20%.
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Ueno and Lstiburek (2019ublished a longédield test in climate zone 540 me&ure the
hygrothermal performance of the assesbivith and without vapor diffusion podsiringthree
years A test hutwas usegwith eightdifferent roof assembligsstalledside by-side,threeof

them using vapor diffusion ports. The insulation mateused were fiberglass or dense pack
cellulose, which have high air permeability potentially causing condensation on the roof
sheathing due to the interior relative humidity level kept at 50%. These were compared to a
control assembly of closed cell sgrfoam. ltwasshown that for unvented roof assemblies, the
inclusion of a vapor diffusion port redutthe relative humidity and MC levels at the roof
sheathing in the roof ridge area, especially when used in additicsnarévaporretarder with
varieble permeance as a function of the RH predemwever under the conditions tested all roof
assemblies with air permeable insulation showed significant durability risks and resulted in mold
spotting on the sheathing. The conclusion was that under tletestions,unvented
assemblieshatwereunacceptable from a durability point of vieemained unacceptabden

with the inclusion of a vapor diffusion port.

Walker and Less (201@parried outa field study of hygrothermdlehaviorof unvented attic
assemblies in two homes in inland California. Temperature, relative humidity, MC and vapor
pressures were measured in various locations in the roof assembly for a 565 day period. In
addition, mold index was calculated and a visual ingpeevas performed at the end of the

study. Results shazdthat northfacing roof decks have a higher likelihood to develop moisture
problems due to lower solar exposure. One of the two homes studied showed unexplained signs
of mold growth during the vislianspection, in disagreement with the calculated mold index that

was under the safe threshold and moisture content levels. As these were found in a code
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compliant attic assembly, a conclusiwwasdrawn that the code requirements for unvented attic
assembes and mold prediction tools need further improvement.

Karagiozis, Salonvarra, Freidberg, Fontanini, Lstiburek, Potter and Werling (20&9S)igated

using vapor diffusion ports in attias climatezones one to threeas an alternativio ventilated

attics that pose condensation risk in hot climate thus resultipgtentialmoisture damagé&-he
proposedittic roof assembly that is unvented and uses a vapor diffusionsmesigned to
encourage unvented attic drying, where exterior relative humgditygh for a significant portion

of the year. The attic is insulated at the ceiling level and introduces a vapor diffusion port at the
ridge of the roof to allow for some drying of the attic assembly during times of the year where
the exterior relative huidity is lower. The assembly is demonstrated using a laboratory test and
hygrothermal modelling. Field tests in 5 locations are planned in the future. The laboratory and
modelling results show benefits in drying to the assemblies with a vapor diffusipfop@ring

MC at the roof ridge.

2.4. Summary and knowledge gap

Many previous work&iaveaddressdthe durability of wooeframe construction assemblies in
general, and the drying ability aspects of these assemblies in particular. A clear link has been
demongtated between the ability of a building assembly to dry and durability consequences in
the event of undesired wetting of the assembly.

It is recognized that few academic works exist that investigate the inclusion of vapor diffusion
ports as a means to encage drying, with all existing works using experiments and not
hygrothermal simulation. From a totalt@fo previous works found on the topic of vapor

diffusion port effects in wall assemblies, the conclusions are partly inconsistent, with the most
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recen experiment by Wang (2018) showing a more limited potential of vapor diffusion ports to
aid the drying capacity of assembilies.

To bridge this knowledge gagis$ work focuses on a hygrothermal simulation approach to
investigate the problem in order to gle out the effect of the various elements contributing to

the drying effect of vapor diffusion porgsing validated hygrothermal models
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Chapter 3. Methodology

Hygrothermal simulationare usedo provide a more comprehensive and systematic evaluation
of the effect ofVDPson the drying of woodramed wall assemblieé\ broad list ofvariables is
examined in order to assess their influence ortteetof VDPs. Theevariables includthe
existence and types of exterior insulation, types of sheathing (OSB vs. Plywood), types of
sheathing membranand exterior moisture loadMoisture content level in sheathing and
bottom plate, andhold growth index are used as the performance indisédogvalate the

effect of VDPs under different influence of design and loading parameters.

WUFI-2D, a transient 2D heat and mass transfer progsaomosen to evaluate the effett
VDPs on the hygrothermal performancendod-framewall assemblies. The modslfirstly
validated by comparing simulation results witeasurements from a recent experiment
conducted by Wang (2018) under laboratory conditidhg. validation is carried odibr six
cases tested includiragbaseline case of a 140mm deep wood franle wsulated with
fiberglassbatts, with a polyethylene sheet and gypsum btmatide interior, OSB or plywood
sheathing and spun bondegbolyolefin (SBPO) membrarte the exterior; a variation where the
SBPO is replaced with a selfileredvapor permeableeather resistive barrieand two
variations with75mm mineral wool or 50mm XPS exterior insulatio claddingFigure 3-1).
The validated model is then usked the parametric study &valuate the effect & DPson the
hygrothermal pgormanceof typical 2x6 wooeframe walt representinghreedifferent moisture

sourcescenariosusing realistic hourly weather datger a long period of a few years
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1 Wetting scenarid.: a wet wood block placed on top of the bottom plate as the moisture
source, representing a situation that rainwater penetrates into the wall assembly and
accumulate at the top of the bottom plate

1 Wetting scenari@: withoutwet wood block but with an initial moisture load uniformly
applied to the sheathing material, regenting a situatioof an isolated rain penetration
event or high values dduilt-in construction moisture.

1 Wetting scenari@®: with rain penetration to the sheathing material as an ongoing
moisture source under real weather conditioegresenting a liding envelope detailing
deficiency that causes water infiltration of 1% of the driving rain onto the sheathing
material

The following sections include details tre 1) experimental set up, 2) hygrothermal model set

up, 3) model validation and garametric study.

3.1. Experimental set up

3.1.1. Test vall configuration
The experiment by Wang (2018) was carried out for a variety of wall assemblies and a wetted
wood block placed above the bottom plate was used as the moisture $bereall assembly is

described in crossection in kgure3-1.
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Exterior insulation: 50mm XPS or 75mm Mineral wool or none

SBPO or fully adhered vapor permeable membrane

12mm OSB or 13mm plywood sheathing

140mm deep wood frame wall, insulated with fiberglass batts

6 mil polyethylene sheeting or Kraft paper

12mm gypsum board

50mm vapor diffusion port b ’t

Wet wood block ——— |

\ 4
¥

Bottom plate

Figure 3-1. Crosssection description of the experiment wall specimen

7 groups of wall specimens were defined:

Group 1: SBPOpolyethylene without exterior insulatiomo interior heating

- Group 2: SBPOpolyethylene without exterior insulation

- Group 3: SeHadhered vapor permeable WRlyethylene without exterior insulation

- Group 4 Selfadhered vapor permeable WR&aft paper without exterior insulation

- Group 5 SBPO,polyethylene 75mm mineral wooéxterior insulation

- Group 6:SBPO,polyethylene50mm XPSexterior insulation

- Group 7:SBPO,polyethylene without exterior insulationwall depth increased from

140mm to 235mm (from 2x6 to 2x10 construction)

Each grop had 4 specimens, covering 2 sheathing material optidysqod and OSBand the
presence of a VDP or lack theredhe wall specimens were each 600 mm tall and 450 mm
wide. The wet wood block was installed above the bottom plate with a small gap bétaeen
the bottom platéo avoid capillary transfer of moistur& VDP was created by cutting a circular

hole of 50 mm diameter into the sheathing 100 mm above the wet wood block. The experimental
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setup created a rainscreen cavity by using metal nutstdage strapping and a plastic board to

simulate cladding and protect the assembly.

3.1.2. Instrumentation and data collection

The moisture conterfMCs) of the wet wood block were measured at two depths, 5 mm and 12
mm, by electricalresistancéased moisture sensors that were installed as the wet wood block
was removed from the soaking baflnese sensors have moisture pins that were inserted into the
desired depth within the wet wood block. The pins were insulated witicammiuctivecoating

with the exception of the pin head, in order to get a moisture reading at the specified depth only
and not along the length of the pkighteernreadings were taken on a weekly basis over the test
period of 127 days\No other sensors were installan the assemblies. Interior and exterior
temperature and relative humidity values were recorded for each gaughe moisture content
measurements, readings above the fiber saturation point which is typically 30% MC have a
considerably increased untanty. For MC measurement lower than the fiber saturation point,
the accuracy igypically ° 2%. When comparing simulation results to the experiment results,

measurements over 30% MC were excluded from the calculation of error.

3.1.3. Preconditioning and Test cditions

The experiment was conducted in an outside shed that was open to the environment but covered
from solar radiation and rain eventshe wall assemblies were conditiortecachieve an initial

MC of approximately 12%n the sheathing and framipgndthenwere installed over heated

boxes tareplicate interior conditions of 20 at 40% RH Exterior conditions were on average

5°C at90% RH An example othe individual wall assemblies aad illustration of its
componentgarepresented ifrigure 3-2. Themeasurednterior and exterior temperature and

relative humidity are presentedhigure 3-3.
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== Top plate

T Two wall studs

Edges of framing sealed
s with impermeable
membrane

~——L_, Stud cavity filledwith
. battinsulation
Sensormeasuring _

central MC T = F———L_ |, Diffusion portin
el M 5 - sheathing (50 mmin
Sensormeasuring _—};l— diameter, 100 mm
surface MC [ . l\ above wet wood block )
\ Wetwood block
N simulating a built-in
Bottom plate moisture source, with a

small gap from bottom
plate and studs

@

4 wall specimens
horizontally installed
above a heated box

A heaterinside each
box to maintain 20

d) (e)

Figure 3-2. Wall specimen illustration (a) and photo (b) showing components and VDP, finished
wall assemblies (c) and installati@ver heated box photo (d) and illustration (e) (Wang, 2018)
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Figure 3-3. Interior (a) and exterior (b) conditions for the experiment (Wang, 2018)
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As for the conditioning of the test specimens, in a preparation pdribchonthsthe assemblies
before installation of the wet wood bloalere kept at 3W and60% RH. The wet wood block
was made from Pacific silver fir wood due to its high absorptivity in comparison with other
wood speciesThe blocks were cut to size, their edgealsd with epoxy, and submerged in
water for a period of 7 days to achieve an average MC of 30&n the blocks were removed
from the water, moisture sensors installed at two depths of measurement and installed in each
assembly. The assemblies weoenpldedwith the installation of insulatigrvapor barrieand
interior gypsum board. Aapor impermeable membranas installed to minimize vapor transfer
through the sides of the boxd@$e assemblies wetkeninstalled over the heated boxes for the
beginning of the experimen® he assemblies were installed horizontadige by side as a lid

over the heated boXhis was done to minimizdifferences in exterior conditions over each
group of specimens, such a@s movement due to wind and stack effect. Fedifl(e)shows a

illustrationof thebox setup

3.2. Hygrothermal simulation tool

Thehygrothermal tool used for simulation purposes is WUFI 2D, a simulationléselopedy
Fraunhofer IBRZirkelbach, Schmidt, Kiinzel, Kehr& Bludau, 2007).The program preforms
two-dimensional calculationsnd allows the simulation of geometrical complexitiest cannot
be accounted for in ordimensionakalculations, such ake simulation of joints, connections
and corner detailsand the simulations ofpetrations into the building envelope.
The simulation process is as follows:

1. Atthe beginning of the simulation procef® geometry of the building cgranents is

created by the definition of rectangular comporent
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. A numerical grid is then create@lhefiner numerical grid the better the accuracy of the
calculation, at the expense of increased complexity and calculation time.

. Material data is selected for the geometrical rectangles previously defitied
properties such agensity [kg/m3] vapa resstance]-|, porosity [m3/m3] Spedfic heat
capacity [J/kgK] thermal conductivity [W/mk]and water content atariousRH [kg/m3].

. Initial conditionsare therdefinedfor each material, defining theitial temperatureand
the initial RH or MC.

. Boundary conditions are definédr exterior climate, interior climate and adiabatic
boundariesgefiningparameters such as theat transfer coefficient, shestave radiation
absorptivity, longwave radiation emissivity and rain water absorption fattahis step,
the climate file is selected. WUFI 2fias a database with climate data for typical cold
and warm years, in addition to the data frAaBHRAE RR1325that is usedor the
simulations in this work and described in section Btte weather data &k contairthe
following information:

a. TemperaturandRH.

b. Solarradiation supplied as theadiation incident on a horizontal surfaaed
converted for a surface with the required orientation and inclinbgion
determining the solar position in the skgcording to the time and date of the
simulation step.

c. Wind speed and direction

d. Driving rain hitting thesimulatedsurface which iscalculated based on

horizontal rainfall intensitywind speed and direction
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6. Computationaparameters argelected, such as the calculation time petiotg step size
and number of time stepsiaximal number of iteration steps alloweahd variables
controlling the onvergenceriteria.

At the end of the simulation process, a result filgaseratedvith thefollowing computed
quantitiesfor each time stepnd for each grid poinMC [kg/n], RH [%], temperature [°C],

vapor pressure [hPa], capillary flux [kg/m2diffusion flux [kg/m?s], heatflux [J/n¥s].

3.3. Hygrothermal model setupfor validation

Thesimulation model set up in WUFI 2D is shown in tHig3-4. The hygrothermal model is set
up to represent the test configuration as close as podséalk.wall assembly is simulated with a
wet wood block installed at a 1 mm gap above the bottom pldte efall to avoid capillary
transfer of moistureThe wet wood block is divideithito multiple layers, for a better comparison
with measurementskenat two depthsExterior cladding is not simulateds there is no solar
radiation or rain deposition ohé exteriorGiven that the simulation is performed as 2 t
VDP is represented by30mm slot in the hygrothermal modethich is different than the actual
VDPs with a 50mm diameter, therefore, it is anticipated that the effect of VDP will be
overestimged. The initial MC ofthe wet wood blockayersis set to match the experiment
readings on day 0, which vary among test assemlalrgsis listed with the results in Tal3e.
The initial MC for the framing and sheathing materials is set to 10% MClfoasds
Theclimatic conditions in theimulation mode&re thetemperature ancelative humiditydata
measured itthe shelteredpace where the experiment was carried out (shown ume3e3).
Table3-1 lists the material properties usedche WUFI 2D simulations. They atakenfrom the
WUFI material database, with the exception of the Hiewood block that were taken from
Alsayegh, Mukhopadhyaya, Wang, Zalok atach Reenen (2013).
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Figure 3-4. WUFI-2D simulation mdel for validation
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Table3-1. Material properties

Building Experiment .
material (Wang, 2018) WUFI material
| Vapor Vapor : Spec. heat | Thermal Water
Material name Density | res at res at Porosity capacity conductivity content at
[kg/m® | 0% RH | 100% [Mm3/m?] [3/kgK] [W/mK] 100% RH
[ RH [ ’ [kg/m3]
Oriented Strand 814
Exterior 0SB Board (density | 595 165 165 0.9 1400 0.13
sheathing 595 kg/m3)
Plywood Plywood Board | 500 700 20 0.5 1400 0.1 350
Spunbonded 0.0471
SBPO, 3192 | polyolefin 65 493|493 |0001 | 1500 23
[ng/Pas m2] | membrane
(SBRO)
Sheathing | Self-adhesive 0.0471
membrane V?r)r%r-eable 3ME Vap
Enembrane Permeable Air | 130 297 217 0.001 2300 2.3
629 [ng/Pa s Barrier 3015VP
m2]
White spruce, 600
Framing | Grade #2, Spruce, radial | 455 130 130 0.73 1400 0.09
Prime
Interior ;?éﬁf:ﬂ%ne PE-membrane 0.0471
vapor mil. 3 [ng,/Pa (poly; 0.07 130 50000 50000 | 0.001 2300 2.3
barrier ’ 9 perm)
s m2]
Gypsum 400
Drywall board, 1000 | Gypsum board | 850 8.3 8.3 0.65 850 0.2
[ng/Pa s m2]
Interior E:;terglass Low Density 1
) . ) . Glass Fiber Bat{ 8.8 1.21 1.21 0.999 840 0.043
insulation | insulation, R .
20 Insulation
Mineral wool 44.8
rigid Mineral Wool
insulation, (heat cond.: 60 1.3 1.3 0.95 850 0.04
Exterior 75mm in 2 0,04 W/mK)
insulation layers, R12
Eﬁ;ﬁ?ﬁgne XPS Core (heat| 44.8
(XPS) cond.: 0,03 40 100 100 0.95 1500 0.03
somm, r10 | W/MK)
\t’)Ygélz"’OOd pacific SIVer | e fir 454 | 246 20 0.73 1400 0.113 600
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3.4. Hygrothermal model validation

In total 28 wall assembliesveretestedwhile 16 of wall assembliesrerechosen for validation.

The chosen wall assemblies have variables inclu@i®&B and plywood sheathing, with and

without exterior insulatiorandwith and withoutvDPs. The case$or validationare listed in

Table3-2.
Table3-2. RMSE results of the model validation simulations
sim. | Test | Exterior _ Initial wood RMS_E entire | RMSE secondl CVRMSE [%]
case | case ins. WRB | Sheathing| VDP | block MC [%] | duration[%] half [%0]

5mm | 12mm | 5mm | 12mm | 5Smm | 12mm | 5mm | 12mm

1 2-A Plywood no 340 | 228 | 293 | 095 | 0.34 | 0.98 19.16 | 5.65
2 2-B SBPO yes | 340 | 231 | 154 | 147 | 0.68 | 1.46 0.82 8.81
3 2-C no 264 | 253 | 1.33| 211 | 0.29 | 1.18 9.43 13.16
4 2-D ©OSB yes | 36.1 | 27.2 | 3.77| 136 | 287 | 1.03 | 2267 | 7.60
5 3-A no Plywood no 26.9 199 | 209 | 041 | 140 | 0.36 1537 | 2.75
6 3-B Fully- yes | 29.0| 25.2 | 1.77 1.23 | 0.58 | 0.59 1214 | 7.47
7 3-C adhered no | 26.7| 21.8 | 268 | 1.08 | 1.19| 0.77 | 1956 | 7.04
8 3-D 0SB yes | 222 | 19.2 | 1.29| 0.76 | 0.38 | 0.77 | 10.12 | 5.37
9 5-A Plywood no 26.5 176 | 1.47| 200 | 1.65| 2.02 11.15 | 1417
10 5B | Mineral yes | 23.2 19.7 | 0.81| 052 | 0.70 | 0.37 6.49 3.78
11 5-C Wool 0SB no | 225| 18.1 | 1.18 | 0.38 | 0.58 | 0.37 9.62 2.79
12 5-D SBPO yes | 203 | 199 | 1.38| 124 | 0.34| 0.89 | 1166 | 9.30
13 6-A Plywood no 226 | 264 | 202 | 350 | 0.84 | 2.48 15.09 | 22.91
14 6-B XPS yes | 23.5| 225 | 150 | 156 | 0.72 1.44 11.31 | 10.64
15 6-C no 269 | 283 | 292 | 472 | 158 | 3.82 20.70 | 29.17
16 6-D osB yes | 246 | 201 | 3.32| 197 | 1.79| 228 | 2597 | 13.98

3.4.1. Parameters influencing theccuracy of simulations

To obtain a better match between simulation and measurements, the influence of a number of

parameters on the simulation results are investigated including 1) assigning initial MC in the wet

bottom block; 2vapor diffusion port sig; 3) gap between bottom plate and wet wood block; and

4) Initial MC in sheathing and framing.
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Root Mean Square Error (RM$E used to evaluate the accuracy of the simulations. RMSE
the root of the sum of the differences squared, divided by the nwhiveasurementsnd is

calculated usingquation3-1.

YO YO (3-1)

Equation3-1. Root Mean Square Error (RMSE) calculation

Where:
0 is the number of measurement points to be compared
 is the experiment result measured at time step n

 is the simulation result taken at time step n

Coefficient of Variation of the Root Mean Square EX@VRMSE)is calculated by dividing the
RMSE by the averagealue of the experiment results for eaanies and is calculated in

percentage using Equatior23

§myYo'wo pmT B (3-2)
W

Equation3-2. Coefficient of Variation of the Root Mean Square E(©VRMSE)calculation

Wherew is the average of all experimahtesults
The CVRMSE can be used to assess the fit of the experiment and simulation data, fotlesving
method described IASHRAE Guideline 14 (2014ytating a benchmark value ©VRMSE of

30% for hourly measurements is considered a good fit.
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3.4.1.1 Initial MC assignment in the wet wood block
Since the initial moisture load on the wet wood block is achieved by its submersion in water,
there exists a pattern of MC distribution within the wet wood block that is not uniform. As can
be seen from the in@l wood block MC measurementTiable3-2, the center of the wet wood
block exhibits a lower MC than the surfateorder for the simulation to correctly represent this
wetting pattern, the wet wood block was divided into 7 Igyfeom thesurfaceto thecenter of
the wet wood block
1. Two surface layex 5.5mm thick each, at each face of the blddieselayers were
assigned thsurfacemeasurment ofinitial MC from the experimentll simulation
values of surface MC come fromethbop surface layer, atdepth of 5mnfrom the face
of the wet wood block
2. Two intermediatesurface layerssmm thick each. These layers were assigned the
average of the surface and center measurements of initial MC from the experiment.
3. Two intermediatecenter layers3mm thick eah. These layers were assigneddaeter
measurement of initial MC from the experimehll simulation values of center MC
come from the top intermediatenter layer, at a depth of 12nfrom the face of the wet
wood block, or 1.5mm from the top of the/ém

4. One center layed1mmthick, whichwas assigned a constant initial MC of 18%.

3.4.1.2.Vapor diffusion port size
In the process of simulating the wall assemblies with and without the nominal vapor diffusion

port, two additional simulations were cted doubling and halving the physical size of the vapor
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diffusion port in order to investigate the sensitivity of the results to the size of the port. It is
found that the size of the vapor diffusion port has a negligible effect on the results. For example
for an OSB sheathed wall with no exterior insulation, halving the vapor diffusion port size from
49 mm to 29 mm increases the MC of the surface layer by 0.08% MC at most, and the MC of the
center layer by 0.04% MC at most. Doubling the vapor diffusiohfpam 49 mm to 99 mm

reduces the MC by similar amounts.

It is therefore concluded that the validation process and the model itself are not significantly
dependenon the vapor diffusion port size.

3.4.1.3.Gap between bottom plate and wet wood block

In addition to displaying MC graphs for various cross sections of the assembly components,
WUFI-2D generates a spatial twdimensional field of MC which is generated for every time

step and can be used to show the time progression of MC. BiguskBows his MC distribution

for the last time step of a simulation with a 1 mm gap between the bottom plate and the wet

wood block.
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Figure 3-5. MC distribution, last time step of simulation with 1 mm gap between bottom plate
and wet woodblock

The figure reveals that an extremely high concentration of moisture is created within the 1mm air
gap between the wet wood block and the bottom plate, close to the sheathing, reaching levels of
MC approximately 10 times bigger than its surroundifigiss high concentration of moisture

can be explained as the gap has a limited volume and the wet wood block is releasing big
amounts of moisture into it in a process of moisture redistribution within the entire assembly.
This moisture laden air in turrab the potential to cause condensation of the interior face of the
sheathing.

Simulating the wall assemblies without the 1 mm gap results in higher wet wood block MCs, by
as much as 1% MC for various measurement points, and worsens the fit of the @mmakailts

to the experiment results. For example, for the center layer measurement in the RMSE

calculation of the second half of the simulation period, the RMSE value & 3vitBout the gap
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compared to 2.38 with the gapTherefore, the 1mm gap is maepresentative of the test
conditions.

3.4.1.4.Initial MC in sheathing and framing

WUFI-2D material library includes typical builh moisture for each material, to be used for the
initial MC of the assembly as default. The typical binlmoisture idefined as 18% MC for the
sheathing material and 15% for the framing materials. Wang (2018) estimates that the MC for
both the framing and sheathing elements was 12% in the experiment. The simulations used three
sets of values: the typical buitlt moistue, 10% for both framing and sheathing and 7% for both.
It is found that initial MC has a considerable effect on the simulated MC of the wet wood block.
For example, for an assembly with plywood sheathing, no exterior insulation and no vapor
diffusion port,the MC value on the last time step of the center of the wet wood block is 14.53%
MC with the typical buikin initial MC values, 13.40% MC with 10% initial MC values, and
12.39% MC with 7% initial MC values. This is compared to a value of 12.7% MC mdasure

the experiment.

Overall, it is found that 10% initial MC provides a good fit with the experiment results and also
agrees well with the value of 12% initial MC quoted by Wang (2018).

Therefore, following setting is usedafi the subsequentiakimuations for the final comparison
between simulation and measurements for validafipthe initial MC of wood block is assigned
with 7 layersof initial MC asdescribed?2) 1mm air gap assumed between bottom plate and wet
wood block, 3) port size of 50mosed, and 4)0%initial MC assumed in sheathing and

framing.
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3.4.2. Validation results
As exampls, Figures 3-6 to 3-9 showthe comparison between experiment and simulation results

for variousvalidationcase. Other cases are provided in Appendix.

(a) (b)
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Figure 3-6. MC of wet wood block, surface and center layers, and experiment and simulation
results, for OSB sheathed walls with no exterior insulation, without (a) and with (b) VDP
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Figure 3-7. MC of wetwood block, surface and center layers, and experiment and simulation
results, for plywood sheathed walls with no exterior insulation, without (a) and with (b) VDP
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Figure 3-8. MC of wet wood block, surface and center layargl experiment and simulation
results, for OSB sheathed walls with mineral wool exterior insulation, without (a) and with (b)
VDP

34



(a) (b)

40 40

35 35
30 30
25 25
o 20 — 9 20 =
15 e, 15 _— N
= ‘:\L"-‘&‘ﬁ_‘hn 5 Fior o . r:"‘fj‘;—-n'eqq
10 sa»u:z?és.,?%‘<:}o_.m_&l%,_"&k$ﬁ$ 10 e e - ==
5 5
0 0
2 S TG W L. - L S - S - T - A AN - - T T T, )
F A A SO F AT S D
[ I RN L A R S LR AN IS RS L RO R N A PN
Date Date
Experiment 5Smm Experiment 12mm Simulation Smm Simulation 12mm

Figure 3-9. MC of wet wood block, surface and center layers, and experiment and simulation
results for plywood sheathed walls with mineral wool exterior insulation, without (a) and with
(b) VDP

The graphs shoan overall good agreement of slope between the experiment and simulation
results, for both surface and center measuremidigberdiscrepancy is noteon measurements

with higher MCvalues, whicttan be explained by the lower reliability of such measurements
using resistanebased moisture sensohs.the beginning of the simulation and experiment, a

rapid process of moisture redibution occurs within the assemblies, which the presence of a

VDP or lack thereof has little contribution to. In this period, MC values in various elements in

the assembly rapidly change as they transfer moisture between one another, but there is little
transfer in and out to the environment. The fit of the simulation to the experiment results is worse
for this period The experiment and simulation results show a similar agreement with and

without the presence of\#dDP, but show a worse fit for assembliggh exterior insulation that

without. It is also found that on averaghe modelunder predict®IC for OSB sheathed walls
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and overpredicts MC for plywood sheathed walls, with an amplitude of several tenths of a
percent in both cases.

The comparison betwaehe simulation and experiment results is done by RMSEN

example, for an OSB sheathed wall with no exterior insulaatima VVDP, initial MC values of

the surface in the experiment were high at 36.1%. The resulting RMSE calculated for the first 5
measurement points is 4.92and the maximum difference of MC within that period between
experiment and simulation results wag3% Compared with the same wall withouvV®P,

where the initial MC values of the surface were lower at@@&nd the resulting RSE

calculated for the first 5 points is 2%%nd the maximum difference of MC within that period
between experiment and simulation results was 3.4%# fit and RMSE after the initial points

of measurement is significantly better, with a majority ofgheghs showing RMSE of less than
1% and typical differences smaller than 1%.

For each experiment specimen there exist two measurement sets of 18 samples, one for the 5 mm
deep measurement and the other for the 12 mm deep one. RMSE is applied on eattesee
setsin order to judge the fit of the entire serids. additionalRMSE calculationwasmadefor

the second half of the experiment period, the last 9 measurement piate the effects of
moisture redistribution are smaller and values of MGnatigin a more accurate range.

The RMSEand CVRMSHEresults are presented Table3-2. The RMSE for the full duration of

the experiment ranges frodn81% to 3.7®%6 with a median value df.65% for the surface layer,
and ranges from 88% to 4.72%6 with a medan value of 130% for the center layewyith a

slightly worse fit for the case of XPS exterior insulation. For the second half of the time period,
the RMSE ranges frof.29%6 to 287% with a median value d3.71% for the surface layer, and

ranges from B6% to 3.82%6 with a median value of Q1% for the center layelCVRMSE
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resultsarein the range of @9%to 25.97% for the 5mm measurements and 2.75% to 29.17% for
the 12mm measurementdl under the 30% recommendedASHRAE Guideline 14 (2014).
It is theefore judged that for the nature of fitting smooth curves to scattered measurement points

the fit of the simulation results to the experiment is good and the simulation model is validated.

3.5. Parametric study

Once the model is validated, it is udeda paametric studyo evaluate the effect MDP on the
hygrothermaperformance of typical 2x6 woeidame wallwith variables including wall design
parametersandmoisture loading sourcels described inhe previous section, three wetting
scenarios are impimented in the simulations:

1 Wetting scenarid.: a wet wood block placed on top of the bottom plate as the moisture
source, representing a situation that rainwater penetrates into the wall assembly and
accumulate at the top of the bottom plate. Uniiiesvalidation simulations where the
starting MC for the wet wood block was different to match the experiment conditions,
conditions are kept the same and parameters are changed such as sheathing material and
exterior insulationThe initial MC of the wetvood block is 27% MC for the surface
layers defined adpothslicesof wood block from the surfaa# the block to a depth of
5mm, on both side#\n initial MC of 22%was usedor the center layedefined aghe
center portion of the wood block betwe&e deptk of 5mm from each facdhese
values ardased on the average values of the experiment measurements. The initial MC
for the sheathing and framing members is set at 10%.

1 Wetting scenari@: no wet wood block but with an initial moisture load umiibr
applied to the sheathing material, representing a situation of an isolated rain penetration

event or high values of construction moisture. The values of initial MC considered for the
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sheathing were 10%, 20%, 30% and 40%, and parameters such asemédltion and
exterior insulation are considered.

1 Wetting scenari®: with rain penetration to the sheathing material as an ongoing
moisture source under real weather conditions, representing a building envelope detailing
deficiency that causes water infdtion of 1% of the driving rain onto the sheathing
material. In thisscenarigthe influence of wall orientation, moisture reference year,
sheathing materials, and exterior insulation is considered

The wall assembly used in all caseslepicted irFigure 3-10, and comprisefom the exterior

to the interior13 mm fiber cementladding 20 mm ventilated air spaevith 2100ACH (Air
Change per Holrexterior insulation where applieBBPOwater resistive membrane, sheathing
in the form ofOSB or plywood140 mm deep wall cavity filled with fiber glass insulation,
polyethylene vapor barrieandgypsum boardWall assembly design parameters include:
plywood/OSB, Mineral wool and XP®xteriorinsulation vs. baseline with no exterior

insulation

140 mm

v

Framing member - top plate

13 mm fiber cement cladding ——»

20 mm ventilated air space >

50mm XPS or 75mm Mineral wool
or no exterior insulation

A 4

Sheathing membrane

Sheathing

v

Fiberglass insulation

A4

Polyethylene sheet

w009

Gypsum board

Vapor diffusion port

8 2

Framing member - bottom plate
A4

Figure 3-10. WUFI-2D simulation model for parametric study
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For all simulations, the simulation time period is two years, starting Novertijp2017in one

hour intervals. In several exceptional cases ayear period was not long enough to observe
stable conditions and so the simulation period weaseasedo 5 yearsThe baseline weather
data corresponds to the most severe year concerning moisture darhagéng envelopes out

of a measured period of 10 years, as publishedSHRAE RP-1325 by Salonvaara, Zhang, and
Karagiozis (2011)The rain model used is for buildings up to 10 meters in height.

For all simulatios, the effect of wall orientation is investigated by facing south instead of east

for maximum solar exposure instead of maximum rain deposition.

3.5.1. Wetting scenario-1Wet wood block simulations

The purpose of this group of simulationsasrivestigate the eft of real weather conditions
including the effect of solar radiation and rain since these parameters have significant influence
on the wetting and drying of the wall assembliEse laboratory testing was only maintained at
more or less constant outdoointer conditions without including the solar and rain effect.

In total 16 cases simulated with variables listed in T&8eThe assemblies in this group of
simulations are kept similar to those of the validation simulations, with a weffiHblock

placed over the bottom platerving as a moisture source in the assembly.
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Table3-3. Summary of simulation variables for wet wood block simulations

Simulation|  Exterior Sheathing | VDP | Orientation
cases insulation
1 Plywood no
5 yes
East
3 no
OB
) yes
no
5 no
Plywood
6 yes
South
7 no
0SB
3 yes
9 no
Plywood
10 ™ yes East
11 OSB no
12 . yes
Mineral Wool
13 Plywood no
14 ™ yes South
15 OSB no
16 yes

Theinitial MC of the wet wood block chosen for all simulations is 27% MC for the surface
layers and 22% MC for the center laylesised on thaverage value ddll experiment
measurements

Interior conditions are 2C at 40% relative humidityExterior conditionsare taken from weather
datacorresponihg to the most severe year concerning moisture damage to building envelopes

out of a measured period of 10 yeasd are plotted iRigure3-11.
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3.5.2. Wetting scenario 2 OSBsheathingwith various initial MC levels

In this group of simulations, the wet wood block is removed from the assemblies and the
moisture source in the assemidyassumed as a uniformly wet sheathimgepresenta situation

of an isolated rain penetration event or high values of construction moissutiee sheathing is
typically the nearest layer to the water resistive barrier, it is most likely to suffer in an event of
rain infiltration through it. In theseimulations, the sheathing is assumed to have unifutral

MC throughoutFour levels of initial MC of OSB sheathing are assum@db represents dry
conditions, 20% represents light wetting of the sheathing, and 30% and 40% represent more
severe sheaiing wetting.

The initial MC in the framing is 10% MC. No sources of heat, moisture or air exchange are
introduced to the assembly. total 12 cases simulated and summarized in TadleMost of the
cases are simulated for the East, the worstadimgenrain orientation. Two cases facing south

are evaluated as well.
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Table3-4. Summary of simulation variables for OSB sheathing with various initial MC levels

simulations
) ) . Initial MC
Simulation .EXte”.Or VDP in OSB | Orientation
cases insulation .
sheathing
1
no 10%
2 yes
3 no
20%
4 yes
5 o East
no 30%
6 yes
7 no
8 yes
9 no
40% South
10 yes
11 Mineral Wool no East
12 yes

Interior conditions are 2C at 40% relative humidity, anekterior conditions are taken from
weather data corresponding to the most severe year concerning moisture damage to building

envelopes out of a measured period of 10 years.

3.5.3. Wetting scenario 8 1% Rain infiltration deposited on sheathing

The goal of this group of simulations isgionulate the situation with rain leakage. The base wall
assembly sheathed with OSB is udedial MC of the sheathing is set to 10% and rain
penetration of 1% fraction of driving rain is applied uniformly om sheathing material to serve
as an ongoing moisture sourd@®. assesworstcase wetting conditions, thefiltrating rain is
deposited on the entire depth of the sheathing matanélat a later stage deposited only on the

exterior 0.5 mm for comparigo
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For the baseline simulatiomterior conditions are accordance to BHRAE 160 standard,
heating onl(ASHRAE Standard 16@2009), and exterior conditions are taken from weather
datacorresponhg to the most severe year concerning moisture damagdltbng envelopes

out of a measured period of 10 years

Additional parameters are consider&8B versus plywood Sheathirgpstwall orientation
versus south; effect of exterior insulati@nless severe weather file, using the 3rd worst year in
the same 1Qear period as previously used instead of the waat In total, 14 casesvere

simulated Table3-5 presents a summary of the simulation variables forgitwap:

Table3-5. Summary of simulation variables for rain infiltration simulations

) . . Rain
Simulation _Exterl_or Sheathing| VDP | Orientation | deposition Weather
cases insulation I X file
ocations
1 no
East
2 yes
3 no worst year
OoSsB South
4 yes .
Sheathing
5 o no 3rd worst
6 yes year
! Plywood no
8 yw yes
9 no
East Bottom
10 yes plate
11 o worst year
Mineral Wool 0SB
12 yes .
Sheathing
13 no
XPS
14 yes
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Chapter 4. Results and discussion

The simulated MC of the sheathing below YH2P and theMCs ofbottom plate isised as
performance indicator tevaluate the effect of VDPs. The mold growth index of sheathing is

used as damage function for evaluationdibcases irwetting scenario and 3

4.1. Wetting scenariol - Wet wood block simulations

Both the MCs of the sheathing and bottom plates are compagenle4-1 shows a comparison
of the MC in the surface and center of the wet wood block an&@mean highsection of the

sheathindocated jusbelowthe VDP location, with and without the presence of@P.
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Figure 4-1. MC with and without VDP, OSB sheathed wall with no exterior insulation facing
east (prevailing winddriven rain direction)

The MC of the wet wood block stamsth a rapid dropwhichis a result of the moisture

redistribution process within the assembly. The drop is more rapid for the surface layer of the
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wet wood block that loses moisture more readily than the deeper center layer. Then, in spring
and beginningf summer (from March until miduly forsurface layer and midugust for

center layer), th¥’DP assemblies display a noticeably lower MZup to 0.886. For the second
part of the summer and autumn (from JAlygust until November) the assemblies witi{[2P
showan opposite trend, withslightly higherMC intake from the environmetitan assemblies
without VDPsof up t00.82%. This increase is at a lower magnitude than the beneficial decrease
seen from March through August. During thimter (November tdMarch) the MC with and

without a vapor port ialmost the saméverall, the MC in the walls with\DP is at best 0.9%

MC drier and 0.8% MC wetter for the wet wood block surface layer, 0.4% MC drier and 0.2%
MC wetter for the wet wood block center layand 0.6% MC drier and 0.2% MC wetter for the
sheathing sectio.he difference is small.

The sheathing section under MBP presents a MC behaviour that resembles that of the surface
layer of the wet wood block, with a lower magnitude, with the excetidhe moisture
redistribution phase where the relatively dry sheathing takes moisture from the wet wood block
raising its MC from 10% tashighas17%.

In order to verify that a period of 2 years is long enough for the simulation to stabilize and for
transient effects of moisture redistribution to be completed, a simulation with the same
conditions was ran for ayear periodpresented in Figu-2. The simulation shows that for the
same weather conditions, future simulation years behave identzéilg second simulation

year.
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Figure 4-2. MC with and without VDP, OSB sheathed wall with no exterior insulation facing
east (prevailing windlriven rain direction), Syear simulation

In an effort to quantify both beneficial and undesired effectgitference between the MC of
these layers without and wit¥DPs present are calculated for each time step and presented in

Figure4-3.
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Figure 4-3. Difference between MC without and with VDPs, OSB sheathed wall with no exterior
insulation facing eagfprevailing winddriven rain direction)

Values greater than 0 imply a beneficial contribution oMBé to the reduction of MC, while

values lower than 0 imply an unwanted increase in MC. Three metrics are proposed for
evaluation of th&/DP benefit: maxmumMC differencefor the biggest drying contribution of
theVDP, minimumMC differencefor the biggest wetting inadvertently caused by\bd#>, and

finally the sum of all points on the course of one year divided by the number of time steps, for an
averagecontribution over the course of the year. These metrics were calculated for all

simulations and the results are presented in Tatfile
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Table4-1. Three metrics for the evaluation of the VDP bemnefiC difference

Wet wood block Wet wood block Sheathing section
si Exter surface(MC center(MC (MC difference in %)
M. | Sheathing Orientation .~ oo difference in %) difference in %)
caseg insulation

max min avg [ max min avg | max min avg
; Plywood 0.73 -0.72 0.08 | 0.30 -0.17 0.06 | 0.92 -0.36 0.17
3 East
4 OoSB 0.89 -0.82 0.11| 0.37 -0.19 0.08 | 0.62 -0.21 0.12
2 Plywood 0.73 -0.73 0.10| 0.30 -0.17 0.07| 0.91 -0.35 0.19
7 South
8 OoSsB 0.85 -0.83 0.12| 0.36 -0.20 0.09 | 0.59 -0.21 0.13
9
10 Plywood Mineral 1.07 -0.78 0.16 | 0.42 -0.36 0.10| 0.54 -0.21 0.10
11 East Wool
12 OoSB 112 -0.82 0.20| 0.48 -0.35 0.13| 0.61 -0.24 0.15
13 Plywood , 1.14 -0.72 0.17| 0.42 -0.33 0.10| 1.10 -0.42 0.16
14 South Mineral
12 OoSB Wool 114 -0.72 0.20| 045 -0.32 0.12| 1.22 -0.39 0.28

The parameters investigated in this group of simulatiocisdesheathing material, wall
orientation and exterior insulatiorTheir effect on the VDPs are summarized in the following

section.

4.1.1. Effect of $ieathing material

The seasonal behavior previously descriéed presented in Figudel is observed for both

plywood and OSB sheathed walls. When measuring the MC of the wet wood block, the effects of
the VDP presence are more pronounced for GBBathed walls, in agreement with previous

studies (Hazleden and Morris, 2001). On the other hand, the section of the sheathing where MC
is measured shows tMDP has a higher drying effect for plywood sheathed walls. Looking at

the wet wood block MC, fathe wall assemblies with no exterior insulation, the effect of the

presence of &DP in the assembly islightly biggerfor OSB sheathed walls compared to
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plywood sheathed walls, for better and worse. For example, for walls with no exterior insulation
fadng worst wetting conditions on the east orientation, the surface layer of the wet wood block is
dryer by 0.89% MC in OSB sheathed walls versus 0.73% MC in plywood sheathed walls. The
unwanted increase in wetting for the surface layer is also greateB®steathed walls, 0.82%

MC in OSB compared to 0.72% MC in plywood. The surface of the wet wood block is more
susceptible to the beneficial and unwanted effects o¥Bfé compared to the center layer,

which shows only half as much drying and wetting comg@do the surface layer. For the east

facing wall without insulation, the center layer shows an increase in drying that is greater (0.37%
MC for the OSB sheathed wall compared to 0.30% MC for the plywoodl avedlasmall

increase of unwanted wetting (0% MC for the OSB sheathed wall compared to 0.17% MC for

the plywood wal).

4.1.2. Effect of vall orientation

Figure4-4 presents a comparison between the MC in the surface of the wet wood block, for wall
assemblies facing east and soutb previously describedvall assemblies facing east are

exposed to maximumwind-driven rain on fagadeand thus maximum wetting potential,

compared to south facing walls exposethsmaximum solar exposure and thus maximum

drying potential. Since the wall assembly has anarlgehind the siding and there is no

definition of rain infiltration for these simulations, the results for the two wall orientations do not
differ significantly and the differences are in order of magnitude of hundredths of MC

percentage.
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Figure 4-4. MC in the surface of the wet wood block for a plywood sheathed wall, for wall
assemblies facing east and south

4.1.3. Effect of adding>derior insulation

In wall assemblies with exterior insulatiorgniim of mineral wool was added on the exterior of
the water rsistive barrier. The exterior insulation is continuous and has no openings in it.
Figure4-5 presents a comparison of the MC in a section of the sheathing bel¥DEhe
location, with and without the presence of@P, with and without mineral wool exterio
insulation, for a wall assembly facing east

MC levels are lower for assemblies with exterior insulatioa tothe higher temperature of the
sheathing that promotes dryinthe seasonal behaviourtbie assembly with exterior insulation
is similar to hat of the wall with no exterior insulation previously described, however overall
levels of MC in these assemblies is lower, with a maximum MC values for the wet wood block
being 1% MC lower and 3% MC lower for the sheathing section, with and witiaRt

presence.
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As for the effect oVDPs on these assemblies, the positive drying effects are increased while the
negative wetting effects remain unchanged. For example, for the OSB sheathed wall facing east,
the assembly with ¥DP is 1.12% MC dryer than withadior the wet wood block surface layer,

0.48% MC dryer for the wet wood block center layer and 0.61% MC dryer for the sheathing

section.
28 = = = No ext. insulation, no VDP
26 No ext. insulation, VDP
24 — = = Mineral wool, no VDP
22 ——— Mineral wool, VDP
g 20
g 18
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Figure 4-5. MC of sheathing section with and without VDP, OSB sheathed wall with and without
mineral wool exterioinsulation, facing east (prevailing windriven rain direction)

In summaryjn this group of simulationd/DPs are shown to have a visible effect in improving
the rate of drying of a wet assembly, but at the same time create an effect of unwanted wetting
from the environment of similar magnitudéowever, the difference is small in the range of

0.17% to 1.22%All simulations in this group were conducted under relatively moderate wetting

52



conditions which could serve to explain the moderate benefit pess@&hywood sheathed
assemblies consistently shawsmaller effect o¥/ DP and so future saulations concentrate more

on OSB sheathed assemblies with a lesser amount of plywood simulations for comparison.

4.2. Wetting scenario2 - OSB sheathing with variousinitial MC levels

All results are plotted and calculated fas@mmportion of thesheathingight underneath the
VDPs, which is between thetiom edge othe VDP and the top surface tiie bottom plate.

This portion of the sheathing shows the biggeseheto drying for thevVDP existence as it is

just under itFor the portion ofsheathingabovethe VDP, the contribution of the VDP to the MC

is reducel as thedistance tdahe VDPincreasesThese results are provided in Appendix.
Figure4-6 presents theheathing MC under théDP for simulations for the full range of initial
sheathing MC values, on the east orientation and without exterior insulation, with and without

VDPs. Figure4-7 presents the difference between each set with and wittiaiat
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Figure 4-6. Sheathing MC for assemblies with initial sheathing MC values-40%, east
orientation, without exterior insulation, with and without VDPs
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Figure 4-7. Difference between MC without and with VDPs, OSB sheathed wall with exterior
insulation faing east (prevailing windiriven rain direction)

54



The figures show that the presence P improves the ability to dry when the sheathing is

wet during the initial phase of sheathing drying, in agreement with results seen previously. The
benefit for extemely wet initial MC of the sheathing is at most 3.7% MC during this phase, and
occurs for the assemblies with 40% initial M@er45 days into the simulation. After this initial
phase the simulations are nearly identical since the initial moisturestyymeamoved. At such
proximity to theVDP the moisture intake due to the environment is smaller than was seen for the
wet wood block, with a minimum value €.24% MC. The beneficial increase in drying seen

after the initial phase is 0.43% MC for all easand happens at the end of April.

The parameters investigated in this group of simulatiociadeinitial MC drying times, wall

orientation, exterior insulatioand mold index.

4.2.1. Initial MC drying times

As the equilibrium MC for the sheathing sectionraxzed oscillates around 15% MC, for the
assemblies with 10% sheathing MC, the assembly witbR allows for a slightly faster

moisture equilibration process with the environment by way of water intake to the sheathing.
Similarly, for the assemblies witl02 MC, the assembly with\&DP allows for faster drying of
the sheathing. In both cases the starting MC and the equilibrium MC are close and the moisture
redistribution process is quick.

For the cases with 30% and 40% initial sheathing MC, the differartbe idrying of the

sheathing is significant with and withouV®P. For the assemblies starting with 30% MC, it
takes 40 days to reach a MC level under 20% without the presen&Déf, dut only 22 days

with it. For the assemblies starting with 40% MCakes 91 days to reach a MC level under
20% without the presence oV®P, but only 45 days with it. In both cases the drying time is cut

in half.
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4.2.2. Effect of vall orientation
Two assemblies with 40% MC in the sheathing but facing south instead of easixiorum
solar exposure instead of maximum rain deposition are simulated. Bigupeesents the

sheathing MC for the assemblies facing east and south, with and wittibir. a
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Figure 4-8. Sheathing MC for assemblies facing east and south, with ahduvia VDP, wet
sheathing simulations

In contrast with the wet wood block simulations, the wall orientation has a visible effect on
drying times of the assemblies. When looking at the amount of time to go under 20% MC, an
east facing assembly takes 91 slaythout aVDP and 45 days with, compared to a south facing
assembly that takes 71 days withoMRP and 38 days with.

Since the wet sheathing simulations have ngang moisture source linked to rain deposition

and the assemblies have siding and a drainage gap, the orientation does not affect moisture
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intake, and the only difference in drying times is due to the additeimount of solar drying in

the south orientation.

Since the high moisture load is only present in the beginning of the simulation, the orientation or
existence of &DP has a small effect on MC after the initial drying phase.

The difference with the wetood block simulations in the effect of orientation on drying can be

explained by the higher MC and the location of the moisture load closer¥®the

4.2.3. Effect of addinggerior insulation
Two assemblies with the addition dirim of mineral wool exterionsulation are simulated.
Figure4-9 presents the sheathing MC for the assemblies faanstyvith and without exterior

insulation, with and without ¥DP.
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Figure 4-9. Sheathing MC for assemblies with 40% initial sheathing MC, east orientation, with
and without exterior insulation, with and without VDPs
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The existence of exterior insulation significantly lowers MC values with and witHoBt. This

can be explained by the exterior insulation layer acting as an additional layer between the
sheathing mebrane and exterior conditions and preventing some of the moisture intake due to
rain, and due to increasing the sheathing temperature which lowers the chance of condensation.
The hygrophobic nature of mineral wool supports this explanation.

The contributio of theVDP to the drying of the assembly is nearly identical to that of the
assembly without exterior insulation, with a maximum benefit of 3.9% MC that occurs 28 days
into the simulation, compared to 3.7% MC that occurs 45 days into the simulatibe for t
assemblies without exterior insulation. As for drying times to go under 20%hd@ssembly
without exterior insulation takes 91 days withoM@RP and 45 days with, compared to the
assembly with exterior insulation that takes 44 days withMi2R and 28 days with.

To summarize, the benefit of the assemblies wMD® presence is significant for very wet
sheathing. Assemblies with@DP presented drying times of the sheathing of nearly half than
their counterparts withoutOnce the wetting eveig solved the/DP offers no more benefit but

does not create any significant disadvantages for the assemblies.

4.3. Wetting scenario3 - 1% Rain infiltration deposited on sheathing

This wetting scenario is to represeninore realistievetting sitiationwith a moisture load that is
ongoing due to rain infiltratianThe simulated MC of the sheathing below YigP and the
bottom plateareconsidered for a comparison of assemblies with and wiibD#ts. The bottom
plate is included to verify the effect YDP inclusion on other elements of the assembly other
than the sheathing which is where the moisture source is defflaedinfiltration as orgoing

moisture source deposited on the bottom plate is also considered.
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4.3.1. Sheathing

Figure4-10 presents the MC of th&heathing below theDP and of the bottom plate for the

baseline simulations. The simulation begimsNov. 1st, beginning of the wintaewhich is the

rainy season in Vancouver, and so in the beginning of the simulation there is quick intake of MC
from theenvironment and rain penetration. The moisture intake is slightly more rapid for the
assembly with & DP by a maximum difference of 0.63% MC that happens on Nov. 11th. Both
assemblies reach a similar maximum MC after the first winter, witi'Effé assemb} reaching

27.5% MC on Feb. 28th and the assembly without the port reaching 28.3% MC on the same date.
On following winters, when the starting MC is higher, Yig2P assembly reaches 28.8% MC and
the assembly without the port reaches 30.4% MC, also or2B#h.Thus the maximum MC

value for the assembly withoutvP is 1.6% higheover a tweyear period

Beginning of the spring until the end of the summer (beginning of March until end of Aug.), the
assemblies dry out to the exterior, and the assemblytmaMDP is at timesoy up to 3.8% MC

dryer. The time to dry frorthe maximum MC to under 20% MC is 34 days for WHaP

assembly, occurring on April 4th, compared to 56 days for the assembly with no port, occurring
on April 26th. The autumn period (Sep.Nov.) is similar to the winter period with slightly
decreased wetting.

Other than the beginning of the first winter, the assembly witNBie has a lower value of MC

for the rest of the simulation duration. During dryer periods the MC with and wiktiaRits

similar, and there is no observed effect of moisture intake from the environment du¥ BPthe
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40 — — — Sheathing, no VDP
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Figure 4-10. MC of sheathing and bottom plate for baseline rain infiltration simulations, east
orientation

4.3.2. Bottom plate

In order to investigate the effects of MBP on other components in the wall assembly that are
further away from the port, MC is displayed in Figds&0 for the top 5.3mm of the bottom

plate, which is the portion of the bottom plate that would be stibtepo durability issues and
mold growth when conditions allow it.

After an initial phase of water intake from the environment and redistribution in the assembly,
the bottom plate shows a relatively low variance in MC values throughout the year. During
periods of wetting there is little difference between the MC with and withoMife

Contrarily, during drying periods, the assemblies wittd present bottom plate values of MC
up to 3.3% MC dryer. This happens while there is a difference in MC sheething between

the assembly with and without@P, and can be explained by the quick redistribution process
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within the assembly, which makes the MC difference in the bottom plate follow the MC
difference in the sheathing.

For the bottom plate similarito the sheathing, no undesired effects oMD® are observed,

except for the beginning portion of the simulation whereAb® allows for quicker moisture

intake. Over all, it is found that the MC of other components in the assembly follows closely the

differences in MC in the sheathing.

4.3.3. Effect of wall orientation

Two assemblies with the same parameters but facing andthorthinstead of easdre

simulated Southern exposure alloigr maximum solar exposure instead of maximum rain
deposition and nothern exposure allows for a similar amount of rain as the southern exposure
with less solar dryingFigure4-11 presents these results compared to the baseline. Due to the
lower rain exposure, the MC values are significantly lower, with a maximum valurelef19%

MC for the south orientatioand 21% MC for the northas opposed to a value of 30% MC for
the baseline simulatidiacing eastThe effect of the orientation change is significant because it
directly affects the fraction of driving rain thatdeposed on the sheathing. TWiBP assembly
compared to the one without shows a more moderate improvement of 1% MC drier at most. Like
with the baseline simulations, there are no advéR¥R effects except for a faster moisture

intake during the first transient phase of moisture equilibration in the beginning of the

simulation.
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Figure 4-11. Sheathing MC for eashorthand south orientations, with and without a VDP

The relative dryness tfie south facing assembly could be attributed to the difference in rain
deposition on the assembly, which is reduced for the south facing wall, or to higher temperatures
due to the increase in solar exposure. In order to verify wiasimoresignificantcontributian,

the temperature of the exterior face of a 20 mm tall section of wall sheathing located under the
VDP is presented in figuré-12 for a south and east facing wall. While the immediate

differences cabeup to C, a moving average over 4 dayfsthe temperature series reveals that

the temperature difference between the east and south wall assemblies when measured on the
sheathing is low, which implies that the increase in dryness for the south facing wall is due to

lower wetting rates from th&uth compared to the east.
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Figure 4-12. Effect of orientation on sheathing temperature, exterior face under VDP

4.3.4. Effect of sheathing materials

Plywood sheathing is used in place of OSB. Figule presents approximately 20% higher

VDP induced drying for the plywood assemblies, with the maximum MC levels being 4% MC
higher and minimum MC levels being 2% MC lower. Overall MC behavior is similar to the OSB
assemblies, as are drying times to reach ugd& MC. The maximum difference between MC
values with and without ¥DP is 4.8% MC for plywood compared to 3.8% MC in OSB, and
occurs at the same time. This can be explained by the plywood assemblies reaching higher MC
values and being able to dry furthban the OSB assemblies, with or without the presence of a

VDP. It shows that for high intensities of wettingDPs can be beneficial in plywood too.
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Figure 4-13. Sheathing MC for OSB and plywood, with and without a VDP

4.3.5. Effect of addingnineral woolexterior insulation

An exterior insulation layer ofsfnm of mineral wool is added to the baseline assembly. Figure
4-14 presents the sheathing MC for the assemblies with and without mineral wool exterior
insulation, with and without ¥DP. MC is significanly lowered and so théDP effect is

reduced. The MC behavior stays similar to the baseline simulation. For the baseline simulation
with noVDP comparedo the modified assembly with mineral wool exterior insulation and no
VDP, the maximum MC is reduced BY5%, from 30.5% to 23%, while the minimum MC

values do not change. TM®P maximal effect is reduced from maximum relative drying of

3.8% to 2.2% MC, and there is no moisture intake from the environment.
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Figure 4-14. OSB sheathing MC with and withauatneral wool ext. insulation, with and without
a VDP, east orientation

4.3.6. Effect of adding<PS exterior insulation

An exterior insulation layer of 50mm of XPS is added to the baseline assembly. The XPS layer is
continuous and has no openings in it. Due to the high MC, these simulations were run for a 5
year period instead of ay®ar period. Figurd-15 presents the glathing MC for the assemblies

with and without XPS exterior insulation, with and withoM[RP.
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Figure 4-15. Sheathing MC for assemblies with and without XPS exterior insulation, with and
without a VDP

Since a 50mm thickness XPS has a relatively loxgllef vapor permeability and the wetting of

the sheathing is defined behind it, the XPS layer significantly limits the ability of the sheathing
to dry to the exterior. As a result, the sheathing shows very little drying and the MC climbs to
maximum levelof 135% MC without &DP and 84% MC with, during the-ear period that

was simulated, and shows a trend of increasing further if the simulation is extended. Due to the
extremely high values of sheathing MC, 8P shows significant contributions to tkdeying of

the sheathing in spite of the low vapor permeability of the XPS. The maximum MC in the
assembly with th&DP is significantlylower than the assembly without. In reality, an assembly
with such a significant amount of rain infiltration behind dlveealed XPS layer cannot be

helped by &/DP and will reach high levels of MC that will have significant durability

conseqguences, and so the conclusion from these simulations is that assemblies with XPS exterior
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insulation are incompatible with the amowhtvetting considered to be able to consider the

effects of avDP.

4.3.7. Effect of veather data

Next, simulations are run with a less severe weather file to investigate its effect on the results.
The baseline simulation used weather data for the most sevempearning moisture damage

to building envelopes out of a measured period of 10 years. These simulations use the 3rd worst
year in the same gear period, from the same report (Salonvaara et al, 2011). The results,
presented in Figuré-16, show slighty different patterns at different times as the weather data

was recorded for a different year, but the resulting MC levels and the difference between the
assembly without and witiDPs have a high resemblancettmse of the baseline simulation.

Overall maximum MC values aepproximately 2% MC loweNo new adverse effects of the

VDP are found.
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Figure 4-16. Sheathing MC for baseline weather data (most severe year) and less severe weather
data (3rd worst year), with and without a VDP

A conclwsion can be drawn that the investigated valuél@®P to drying is true not just for the

most extreme weather conditions but for more common conditions too.

4.3.8. Effect of depth of rain deposition on sheathing

These simulationshange the depth of the rain dsjiimn moisture source on the sheathing from
the entirel2.5 mmthickness of the sheathimgthe baseline simulatioris the exterio0.5 mm

layer depth of sheathingigure4-17 presents the MC in the entire thickness of the sheathing, for
an OSB sheathaalall with no exterior insulation, for both deposition cases, with and without the
presence of ®DP. When the rain is depibed only on the exterior 0.5 mm of the sheathing the

resulting MC in the entire sheathing depth is significantly lower, with a maximum MC of 22.4%,
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compared to 30.6% when rain is deposed on the full depth of sheathing. Due to the lower total
overall MC, the reduction of MC due to the presence oVDP is lowertoo: springtime

reduction of 1.31% MC difference with the 0.5 mm deposition compared to 3.97% MC
difference with full rain deposition.

Figure4-18 presents the MC in the exterior 1.2 mm layer of the sheathing, for the same two
cases and the same watimpositionWhen the 1% amount rain is deposited on the first exterior
0.5 mm of the sheathing, the local MC values are significantly higher than when the same
amount is deposited on a deeper depth of sheatBinge the MC plotted is in an exterior slic

of the sheathing only, the effect of i®P on the MC reduction is lowewith values in the

order of magnitude of tenths of a percentage of MC.

Figure4-17. OSB sheathing MC (full depth) for rain deposition on the full depth of sheathing
compared tonly the exterior 0.5 mm, with and without a VDP

69





































































