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ABSTRACT

In recent decades there has been an increaseddo@rshanced thermal resistance of building corptsnand

as a consequence, the relative importance of ainiggs on the overall energy losses of buildingsihereased
significantly. The construction industry requiresagtical information on the airtightness of indival
construction elements and building envelope inte$a A literature review on the airtightness of daw-wall
interfaces has shown that no experimental dateaeadable for masonry construction. This paper rsffan
investigative study on the airtightness of windowativinterfaces of masonry walls, for 13 differenstallation
methods. The results show that the selected spkitiover a wide range of airtightness levels, foni/h.m up

to 31m3h.m at 50 Pa. The experiments have pemnitttermining that a very good performance can be
obtained by using polyurethane foam and caulkirigijght membranes, polyurethane foam and plywood
framing, and plaster and caulking. On the contrariperal fibre insulation, a partial fill with palyethane foam
and plaster without caulking should be avoided wtgood airtightness is required. Furthermore, a
comprehensive methodology for error calculatiooffered, based on error propagation of partiallyrelated
parameters, including the effect of measuremendrgrrextraneous air leakage and conversion to atend
boundary conditions.
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INTRODUCTION

Throughout the last few decades an increasing numbeountries are enforcing energy codes and iegist
codes are getting stricter in respect to energgaisa homes. In addition, there has been a gemanadase in
the price of energy (U.S. E.ILA, 2008). Airtightsdas one of the defining factors in energy usedidings. In a
moderate climate such as that found in Belgiuniltiafion of cold air accounts for up to 20% of oak primary
energy use for code-compliant buildings (VEA, 200Qpviously, in colder climates the more pronounced
effects of infiltrating cold air in buildings wiltesult in code requirements for improved energiciefficy and
thus promote better construction practice concermimtightness (Sherman and Chan, 2004). In gendral
existing housing stock in colder climates is moiréight as compared to homes located in moderatratés
(McWilliams and Sherman, 2005). One might expeat thore airtight buildings are constructed overetidue

to stricter building codes, but an analysis by Besset al. (1998) on 51 homes built before andr afte
implementation of the first energy building codeBrlgium showed no difference in respect to aittigiss.
However, the energy code in Belgium only providesommendations on airtightness in relation to HVAC-
systems, contrary to that required in other coasjrie.g. Norway, Sweden and the US (Limb, 2001 Th
average airtightness g0, the measured air volume flow at 50Pa pressufereince divided by the interior
volume of the building) of detached residentialldlinigs in Belgium in 1995 was 11.7 air changégBosaer et
al., 1998; results were recalculated to meet 1ISB2232001 requirements). A more recent study by tgvet

al. (2010) on newly built residential dwellings siwthat the air leakage has decreased significamtlp years,
and is now about 6.0 air changésat 50Pa pressure difference. This decrease isyrzinsed by an increased
awareness concerning airtightness by architectsfractors and building owners. The required levél o
airtightness of buildings in Belgium will most lilgebecome stricter in the future. In 2006 the ghthess of
only 1,5% of all newly built dwellings was measuredhereas in 2009 already over 7% were tested using
pressurization test (VEA, 2011). There is an urgexgd for standard details at openings in buildihgs would
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minimize air leakage at these vulnerable locatifhsns, 2011); this has become apparent from theased
number of airtightness tests that are now beingezhout. It is evident that the building stockBelgium has
poor airtightness performance and from this it barsurmised that there is likewise a lack of knaolgkeat the
designer’s side in respect to achieving adequatigla#iness in homes. For wood-frame constructidarasting

research was published by Relander et al. on diffecomponents and interfaces (Relander et al(Q,220111).

The window-wall interface is one of the key airilinftion pathways in wood-frame construction (Relar et
al., 2008). Consequently, there is a high probgbihiat this will likewise be the situation for nmasy cavity

walls.

Energy concerns are not the only reason to focusirtightness. A lack of airtightness can cause cisaughts,
lower acoustical performance of the building enpelointerfere with the balance of a HVAC-systengnpote

interstitial condensation through exfiltrating aind surface condensation through infiltrating Riesearch by
Lacasse et al. (2003) even suggests that defieignigiairtightness have an effect on the wateniegg of the
window-wall interface: over the course of wateligtss tests those window-wall assemblies that Vem®
airtight achieved reduced levels of pressure egaiidin that resulted in higher rates of water tirgilon into the
assembly.

Based on the rising demand from the building induiir standard details for airtight constructionmasonry
cavity walls, and the fact that window-wall intezés can account for significant air losses, andelk the lack
of information found in literature on this topicr@search project was initiated to provide pratticfrmation

on this topic. This paper reports the results ofeaperimental study on 13 different installationthoels for

windows in masonry cavity walls. Section 3 providigails on the relevant standards, the test me#mabl
experimental setup, and a thorough error anabased on error propagation of partially correlgitathmeters.
In section 4 the different installation methods described using detailed sectional drawings arstrision,

whereas the results are reported in section 5. Metttat, section 5 also comprises an analysisioflew-wall

interface air leakage as compared to overall mgidiirtightness.

LITERATURE REVIEW

The typical construction method and materials offedent components of the building envelope vary
geographically, according to climate, natural reses and building practice employed in a particular
geographical location. This paper only focuses e window-wall interface in brick cavity masonry lisa
These walls are typically representative of curtemitding practice and consist of an inside leakekiruded
large format perforated bricks, a cavity partialyfully filled with insulation and an outer masgnreneer wall.
The airtightness of the wall is secured by a lafeplaster, typically sprayed to the interior simfethe interior
brick wall and scoured manually. Such type of walte characteristic of North-Western European ngld
practice (e.g. Belgium, The Netherlands, NorthelanEe, Great Britain). This section of the paperomprised

of an analysis of experimental data on the airtight of window-wall interfaces as found in literajuand
includes some general guidelines or estimationrtigcies for assessing air leakage in homes whiclofies
used or cited. The air flow rate through an opgtior an applied pressure difference is commonfyressed by
the empirical power law equation (1):

V =C.AP" (1)

with ¥: air flow rate (m3/h),AP: pressure difference (Pa), and C: flow coefficiem3/h.Pd) and n: flow
exponent (-). A summary of results derived fromfatént sources can be found in Van Den Bosschd. et a
(2012). Most literature dealing with airtightnedswandow-wall interfaces originates from countrieaving a
cold climate, and practically all reported measwepts were completed on wood-frame constructiongnkEv
though most joints have a similar width, there itame variety in air flow rates for similar prodsic For
example, the installation of mineral wool limitsethir flow to around 1.5m3/h.m at 50Pa when plaz@dectly
and well compressed, and ca. 5m®/h.m when instaiieatrectly. Backer rods can be very airtight, dne air
leakage should be below 1m3h.m at 50Pa, whereas ogll products and self-expanding products gédlgera
perform poorly. Tapes and membranes are more airtigetween 0 and 0.31 md/h.m at 50Pa, but also
susceptible to improper installation. Polyurethdoam and sealants are practically perfectly aittigimen
installed correctly. The effect of a window sill dme overall performance of the window-wall integawas not
evident in any of these publications, and neithas W included in this research project.

For this reason a new test series was setup, &padlgifdevoted to masonry cavity wall constructicas
described in section 4 of this paper. Before disitigsthe results, the issue of measuring unceytamtair
leakage measurements is first addressed.



TEST METHOD

Procedure

The test samples were measured using a standabdated test rig which is used on a daily basisetst the
airtightness of window frames according to NBN EBR&:2000. In absence of any specific guidelines for
window-wall interfaces, the test protocol was basadhe one for window frames given in NBN EN 1026:
seems reasonable to apply pressure differencesspmmding to the typical product specification afidows to
the window-wall interface. After three pulses ab0%dof the maximum test pressure, the sequencefalaws:
50-100-150-200-250-300-450-600 Pa. The same proegsithen repeated but with negative pressures.
The window itself was non-operable, and the glazitmgp was sealed on both sides (glass side ane fsata) to
ensure that no air was infiltrating through the ddw and influenced the measurements. Furthermaneke
pencils were used to trace and visualize leakaffespa the sample. The extraneous air leakage vessuned
before, in between and after the tests. The exertiahdata reported in this paper were calculayesubtracting
the first extraneous air losses from the measuirefloavs. If there was a slight difference in exiemus air
leakage before and after the sample measuremenbwlest value of extraneous air loss was chosg@maweide
a conservative result. The test sequence descaib@de was also used for quantifying the extranedul®sses,
but with an airtight plate installed over the wimdopening (Figure 2). The plate covered 5cm oftplaground
the window reveal, and was sealed to the plastendgns of a compressed closed cell neoprene bamkend
caulking. The test rig was designed to be as hirtig possible, to reduce the overall error onrdéiselts. The
leakage of the test rig was adjusted by consecuéistng, but even after optimization the degreeaiofloss
remained in a range of 0.5 — 0.6m3/h.m at 50Pahedifferent measurements of extraneous leakag®. out
of 13 measured installation methods have an adr lasging between 0 and 0.2m3/h.m at 50Pa, thetedfeahe
extraneous air loss is significant. This causedeglairge uncertainty intervals for results of thesmairtight
installation methods. The temperature, relative iditpnand barometric pressure was recorded duraahdest,
in order to convert the results to standard boundanditions.

The error analysis was based on the calibratioor esf the test rig, error due to conversion to refee
conditions, the chauvenet criterion, and error pgation in the power law. More details on the eaoalysis
methodology can be found in (Van Den Bossche g2l 2).
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Air flow measurement with power law and t-distrilout uncertainty interval of installation SPF-alétred
mark was rejected according to the Chauvenet-miter

Test specimens

In order to measure the airtightness of the windeadli-interface in cavity brick walls, two test wahlvere built
to represent different situations. The first walkismconsidered as common practice and was compoisad
aluminum window frame in a brick cavity wall haviBgm of polystyrene insulation and 3cm of air caviiote



that the majority of newly built walls in Belgiumdorporate an air cavity to ensure adequate draiaad easy
of execution. For this specimen, two different iide finishes for the window reveal were appliedwaoden
window trim (test setup A); or a layer of gypsunagikr on the reveal (test setup B). Test setupsd®Bawere
thus applied on the same wall, but have a diffeirgstior finish.

Currently in Belgium (and perhaps elsewhere in MNemt Europe where homes constructed of brick mgsonr
walls are current practice) there is a tendencplé@e more insulation in brick cavity walls to cdgnpvith
energy standards with the expectation of reducimeygy losses and thereby lowering heating costsekely
low energy buildings can have cavities (width ofulation plus empty cavity) up to 24cm wide in orde
obtain, e.g., passive house certification. As tiedaw frame is typically recessed about 10cm frivm duter
masonry plane, the installation technique shouke tato account the eccentric structural load ef window
with regards to the inner bearing masonry wall.sTaccentric load can be dealt with by mounting regro
brackets at the sill, or for small to moderatelesi windows by installing a plywood framework aiband the
window frame. Even if the window is too big andrexbrackets are required at the sill, the plywasane still
offers additional benefits, such as ease of iradtalh, rigid backing for the interior finish, andditional rigidity

for the window installation. The latter techniquasathus applied, also because it is currently tbstmommon
approach used in buildings certified for extremébw energy usage . The second wall was thought
representative of well insulated buildings, andsisted of a wooden window frame in a brick cavigivhaving
20cm of polystyrene insulation and a 2cm air caggtup C). For setup C it was anticipated that the
performance would be independent to the type @fiot finish. For both walls, the windows are 1.28rnde
and 1.48m high (according to the product standaBNNEN 14351-1:2006, and representative of typical
dimensions for windows in Belgium), and both walisre 1.92m by 2.02m (2m adjusted to brick module).

Figure 2a. calibration setup for measuring extrasear leakage of the setup. Figure 2b. Instaltatib
aluminum window frame and wood reveal.

In test setups A and B the window was installesh@isypical mounting brackets, whereas in setupigmgthat
the use of wide cavity brackets were not an optthere was a plywood framework to which to secine t
window unit and that was fixed to the interior Briwall. It was anticipated that the interior finisi setup C
(paint on plywood, window trim or gypsum plastepuid not affect the airtightness performance beedhs
continuity of the airtight layer was guaranteed thg airtight plywood framework. In both test setups
horizontal projected gap between frame and wall 2/&sm; this is a typical size and allows adeqteigrance
for installation. Note that the perimeter was ndaialy the same for both setups because in setine @lywood
framework at the perimeter of the window requiredlightly bigger opening in the wall to obtain tekame
degree of tolerance. In both cases the window wesssed 10cm from the outer plane of the wall. @onto
common practice, the joint between the exteriackowall and the window frame was not caulked dutesging.
It was assumed that brickwork typically does nattdbute to the airtightness due to open drains\ards in
the facade. Note that the installation methods walg designed for airtightness testing; other paters such



as watertightness and thermal performance wereamuwidered here. Consequently, no statements atte ma
respect to other parameters and the drawings @pgrt the installation as it was tested. All of thifferent
materials used to fabricate the test specimens vegrdomly selected and installed by professionaftemen.
Caulking and sprayed in place polyurethane foamRBR) were always left for at least one day to qrier to
testing, and plaster was permitted to cure foeast two days. Figure 2 shows the measurementmaineous air
leakage of test setup C.

In these tests, no differentiation was made betwikerhead, jambs or sill, similar to that reporitell of the
papers cited in Table 1. Furthermore, it shoulchbied that the results represent the air leakageyahe linear
interface, as well as any local deficiencies sédait the corners. For test setup A the perimetsr %v32m and
this obviously included the four (4) corners. Itikely that the corners are less airtight thanlthear joints due
to additional interfaces coming together and isse&ged to ensuring airtight installation at théseations. As
the results are expressed per meter of joint lengik implies that the results presented in tlapgy might
underestimate the air leakage for windows havitmner area to perimeter ratio given that in sudtances the
air leakage at the corners is more important.

INSTALLATION METHODS

The selection of the different installation methadss discussed with building practitioners, windiostallers
and manufacturers in collaboration with the Belgamstruction Certification Association (BCCA), sgially
the group working on window-wall interfaces. An oview of the installations is described in Tableakd
drawings are provided in Figure 3. In setup A, Wiadow is installed with 10 mounting brackets (3 @sch
jamb, 2 on head and sill), and the interior finnsists of a wooden window trim. In test setup eivesn

different installation methods for the aluminiumndow frame were measured, with varying installation

methods for a plywood window trim primarily usingreral fibre, SP-PUR and caulking. The SP-PUR used
the different installation methods is a one-compmbhaw-expansion foam with a high elastic recovenyd was
applied with a foam applicator gun system. In gedtip B the windows were installed in the same agaketup
A, also with 10 mounting brackets, but the interimish consisted of gypsum plaster, a techniquéchvis
currently highly used in contemporary architectymalctice. When the plaster is applied on the fguston to
the window profile, the drying of the plaster indsca shrinkage crack at the interface (installai#) this
approach allows high air flow rates through thecksa Such cracks are afterwards typically enlarged to
thermal movement of the window and deformation chanical loads (wind forces or operating forc&s)s
can be resolved by installing a vinyl end profite the plaster, and then placing a backer rod andking
between the end profile and the window frame (RIP)stThis technique only uses standard techniques the
building industry, and is airtight enough to be lgggpin passive homes. Another solution is the afsairtight
membranes, equipped with a woven layer that allplaster to adhere on the membrane. The membragié its
consisted of a polyester foil, with a pressure iteesadhesive on one end that was adhered tawthdow
frame, and a butyl layer on the other end thatattshed to the interior brickwork.

No. Setup Abbreviation Description

1 A Empty+C Cavity between the brick wall and wimdoasing and trim is empty.

2 A MF loose +C Cavity is packed with medium densitineral fibre

3 A MF dense +C Cavity is packed with high densityeral fibre

4 A SP-PUR-e +C Cavity is partially filled with SRJR (exterior side)

5 A SP-PUR-I +C Cavity is partially filled with SPUR (interior side)

6 A SP-PUR-all Cavity is gntirely filled with SP-PUR, no caulkihgtween the window frame
and the window casement

7 A SIZ:—PUR—aII Sjmilar to No. 6 (SP-PUR-all), but with caulkingtiveen window and window

+ trim

An XPS substrate was mounted to masonry brick walayer of plaster was

8 B RP placed onto window frame. A minor crack was indubetiveen window frame
and plaster due to drying shrinkage of plaster.

9 B RP stop Similar to No. 8 (RP), but insteaq a plaster stmjite_w_as installed, and in
between a backer rod and caulking ensured thelaingss
An airtight membrane was adhered to side of winftamwe on one side, and

10 B PR foil-e on the other side to interior masonry brick wallthick layer of plaster
connects plaster on wall to window frame.
Similar to No. 10 (PR foil-e), but in this case foé was adhered to the interiq

11 B PR foil-i side of the window frame after the window was ilkethand fixed with

brackets.

12 C WF SP-PUR Cavity between wooden frame anddtien and interior brick wall was filled

=



-all with spray-in-place foam. Plaster was appltiwdr SP-PUR, but shrinkage
induced crack was apparent between plaster anagfram
WF SP-PUR Similar to No. 12 (WF SP-PUR-all), but there wascnack between plaster
13 C : -
-all +C and wood framing, e.g. by means of caulking.

Table 2: Window installation methods in test sedyB and C.
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Figure 3. Window-wall interface details. Empty: ingulation in interface. C: caulking on interfacihw
window. MF: mineral fibre insulation in interfac8P-PUR: spray-in-place polyurethane foam. e: inguiaon
exterior side of interface. i: insulation on interside interface. all: interface completely filledith insulation.




RP: reveal covered with plaster. Stop: end prdéiteplaster is installed with caulking. Foil-i: fadhered on
interior side of window frame. Foil-e: foil adhered side of window frame, on top of mounting bretsk WF:
plywood frame is attached to window frame.

The third series of tests were done on a diffenait that represented a situation for well insuabeildings (i.e.
buildings having e.g. 200mm of insulation). Here thindows were installed using a plywood framechital to
the window profile: caulking was used at the cosrigetween horizontal and vertical to ensure thgghtness.
In the first test the cavity between interior briakk and plywood was filled with SP-PUR, and plastas
applied over the SP-PUR just on to the plywood &gVF SP-PUR-all). Due to the drying of the plastere
was also a shrinkage crack. In the second installathe plaster was connected airtight to the wivaching by
means of caulking.

RESULTS

The air leakage results through the different wimduall interface installation methods are summatizeTable

3. The leakage (3) was measured under both positive (pressure actinthe exterior side of the wall) and
negative pressure, and for both values the standavéhtiono, is reported based on the error propagation
derived for the leakage coefficients as used inpitwer law. Table 3 also reports two air flow rajest below
zero, which is obviously not possible. However sthavere the results of the regression analysis,oasdcan
easily see that a large part of the confidencenatdies above zero.

POSITIVE NEGATIVE AVERAGE
m3/h.m@50Pa e oy S oy S oy
Empty +C 32,82 2,04 | 28,75 2,06 | 30,78 2,06
MF loose +C 11,29 0,41 | 11,99 0,28 | 11,64 0,35
MF dense +C 3,19 0,26 | 2,60 0,21 | 2,90 0,24
SP-PUR-e +C 1,23 0,47 | 0,90 0,18 | 1,06 0,32
SP-PUR-i +C 1,67 0,19 | 1,86 0,16 | 1,77 0,18
SP-PUR-all 1,79 0,36 | 0,94 0,29 | 1,36 0,32
SP-PUR-all + C 0,00 0,28 | -0,01 0,17 | 0,00 0,22
RP 2,63 0,18 | 3,16 0,29 | 2,90 0,24
RP stop 0,08 0,04 | 0,07 0,04 | 0,08 0,04
PR fail-e 0,12 0,14 | 0,14 0,13 | 0,13 0,14
PR foil-i 0,24 0,12 | 0,13 0,14 | 0,19 0,13
WF SP-PUR-all -0,03 0,13 | 0,24 0,08 | 0,10 0,10
WF SP-PUR-all +C 0,01 0,09 | 0,06 0,08 | 0,03 0,08

Table 3. Air leakage of the 13 installation methatlS0 Pa.

Out of 13 tests, the air leakage of 7 samples shiwgher leakage rate at positive pressure difter@ompared
to a negative pressure difference, but only foages the error bars do not overlap. Similarly, dohtwo cases
the flow at a negative pressure is significanthgéa than the air flow at positive pressure. Coseht, based on
the single-point measurements at 50Pa with smaiters, 9 installation methods show a significahilyher air
leakage for positive pressure differences, ande3sanificantly lower than the air flow at negatigeessure
difference. For most installations there is no obsi explanation for the difference in flow rate doethe
direction of the pressure difference, except ferittstallations with airtight membranes where pesipressures
induce ballooning of the membrane and thus higlmew fates. Note that only airtightness is reporitedhis
paper; other aspects e.g. thermal performance ma&ybally important, but are not discussed here.

Test setup A

The tests showed that loose mineral fiber cannetjaately tighten the interface and consequently résulted
in significant air losses (11,64m3/h.m). Even déngmcked mineral fiber still allowed quite sige#int air
losses (2,90m3/h.m) as compared to the other lastals. The use of SP-PUR performs reasonably, eedn if
the cavity between the interior brickwork and windtsim is only partially filled. On the other han8P-PUR
performs extremely well (0,00m3/h.m) if that cavisycompletely filled and the joint between the eomv trim
and window frame is tightened by means of a baotdrand caulking. If only the exterior side isdil (SP-
PUR-e +C) air infiltrated through the joints of theickwork. If there is SP-PUR on the interior sidethe
cavity, air might infiltrate through the interfaoé trim and frame, or through the joints of thefeliént parts of
the window trim (such as SP-PUR-i +C). SP-PUR-adlswwcompletely filled with spray in place foam, but
contrary to the other installation methods, thees wo caulking between trim and window which resuilin
high local air flows located at the mounting braskieecause the foam was unable to fill all the gaps slits



around the brackets. The results on this setugleter quite well with the results found in litenati{see Table 1)
on airtightness of window-wall interfaces in woadshie construction, although the results in thiglptare
typically higher compared to that found in litenatu This is probably because the interface in mgson
construction is more irregular compared to woodnfeaconstruction. Contrary to wood, the masonryfitsenot
airtight which introduces a higher susceptibiliyftaws and less redundancy at the interface.

Test setup B

The setup with the membrane adhered to the sidecofvindow (PR foil-e) proved to be more airtighan the
installation where the foil was installed from timerior side after the window was mounted (PR-fpilThe

main locations for infiltration in both cases wetee corners: for the first case the foil was foldeith an

overlength (at the corner the foil did not follotet perimeter; an additional 10cm was folded in otdecope
with the difference in perimeter dimensions of vamdframe and window opening), in the second casedh

was not continuous at the corners, but locally fomtan overlap and fixed with caulking. The resutts

installations that rely on membranes for airtigsgishow good agreement with the results foundeénaliure.
One paper [22] reports high infiltration rates, bhis was for poor installation quality which wastrihe case
here.

Test setup C

Due to the drying of the plaster there was a shgekcrack between plaster and plywood, but thig bat a
minor effect on the air losses. The differenceiirflaw between the installations with and withaatulking was
very small: the airtightness of the spray in pléxam was also tested separately and was proved #irtight.
Both these installations could be recommended $erio passive homes. In practice, the plywood picafly
covered with a gypsum board or other finishing. ldoer, the tests done in the lab indicated the padace of
the interface, regardless of the interior finiskest results taken from the literature relating tadew-wall
installations using SP-PUR show similar levels effprmance.

Practical implications

The interpretation of the absolute values can eds# understood by means of an example. Based on an
extensive survey (Bossaer et al. 2008), one camrasshat the average Flemish detached residentiklirg

has 105.0m of window-wall interface (including ddorwall interface, excluding door sill, excludimgrage
doors), and an internal volume of 516.1m3. Figurehéws the share of the air loss through the differ
installation methods of the window-wall interfacengpared to the overall building air losses for age of
building airtightness levels. The legend is rankedording to the air loss, from leaky to tight (MEnse +C
coincides with RP). The effect of choosing a défarinstallation method can be found by followig tlack
dotted lines: changing to a more airtight instalatmethod will decrease the overall airtightnalesig the path

of the dotted lines, depending on the original l®fébuilding airtightness. Consider a building kviirtightness

of neoa air loss of the window-wall interface d#,,,, 4. total length of the window-wall interfaces, L,dan

interior volume of the building ¥ The effect of a different window-wall interfact,,,., ») can be calculated
as follows:

Virwr 4L . Virwr el
Ngop = Msg.a — W [:r :A W r; :_3 (12)
The sensitivity of the building airtightness to thismdow-wall interface installation method is thysantified by
the ratio L/\4,.

There are no absolute guidelines on how airtightradow-wall interface should be, or what proportionair
leakage a or a set of windows should have as cadparthe overall air leakage of a building. Nextthat,
there is very little information on the actual @ihtness of other components or interfaces in gkl with
masonry cavity walls, or how significant their shds in respect to the overall air losses of thddmg.
However, taking into account the numerous location® building where infiltration may occur, it see
advisable to set boundaries for the window-wakiifétice. For example, the air loss could be limtted0% of
the overall building leakage, which is a consermetialue based on the comparative analysis ofrdiftesources
of air leakage in residential buildings (Van DensBche, 2005). For a chosen building airtightnéssould be
advisable that only the installation methods betbe 10% line be used to avoid excessive air lossugh the
window-wall interface. Figure 4 indicates that thssumption is also feasible in practice, becaosdifferent
levels of airtightness performance, a range ofaltetion methods could comply with these requiretsemhe
average building airtightnessorof newly built detached residential buildings itariders is 6 air changes'h
which, if one considers the suggested 10% limisults in a maximum air loss through the window-wall
interface of 3,3m3h.m at 50Pa. An airtightnes8lof can be regarded as reasonably airtight and paseivees
are very airtight (0,6/). The air loss through the window-wall interfadeosld be below respectively 1,6
m3/h.m at 50Pa and 0,33m%/h.m at 50Pa. Althougkethvalues are project-specific, they offer a esfee to
assess the performance of the measured installatethods. Note that this analysis was only doneafor



average detached residential building assumingdliit for air losses through the window-wall infece, and
it is advisable to do this analysis for a projeasdd on the actual interior volume of the buildithg, total length
of the window-wall interfaces, and the requirecelesf building airtightness.
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Figure 4. Proportion of air leakage through windeaH interface in relation to overall building aghtness

Based on the assumptions above, the installatidhads designed as Empty +C and MF loose +C shoud i
instances be avoided. Whereas those methods desigas MF dense +C, RP, SP-PUR-i +C, SP-PUR-all and
SP-PUR-e +C can be used for building airtightnesgiirements ranging between 2 and’6 depending on the
specific installation method. The other solutioR® (foil-e, RP foil-l, WF SP-PUR-all, RP stop, WF-BBR-
all+C, SP-PUR-all+C) are recommended to achieyeralues below 1t as might be used to achieve very low
air leakage rates as for example passive homes.

CONCLUSIONS

For buildings in Belgium with a regular, code-corapt, thermal performance, recommendations wereetkr
to limit the air losses through the window-wall érfce: it seems advisable that these should bewbel
3,3m%h.m at 50Pa. For passive houses, for whietetfergy loss requirements are significantly méagent,
the admissible air leakage decreases to 0,33m3Fhis.is based on a detached residential buildingverage
construction, for which an arbitrary limit of 10%the total building air leakage was assumed; trerall effect
will vary according to the internal volume of theilding and the total length of the window-walléntace. For a
specific project the effect of the window-wall irffece on the overall building airtightness can lgabie
estimated using the results of this study.

The experimental results show reasonable correlatith the results found in literature for windovalv
interfaces in wood-frame homes. No insulation erubke of loose fiber insulation to obtain adeqaatightness
seems to be insufficient: the air loss was abo8en3h.m (at 50Pa), whereas densely packed minibed fas
only just below that limit. Only partially fillinghe cavity between the casing and the brick wath@P-PUR is
already a significant improvement, but the intefioick wall is not very airtight, and still allowsome air to
enter through cracks. When the entire cavity iedilwith SP-PUR there is, in principle, a continsairtight
layer from wall to window frame. The performancetioé installation method proved to be sensitivermrs
during installation: the space behind the mounbinackets can be difficult to reach and should bmpleted
with great care to ensure airtightness. Howevech sieficiencies are mitigated by installing cautkiat the
interface between the window casing and the winftame; in this instance, the air leakage is reduodaelow
0,33m3/h.m. The results in respect to airtightrafsthe installation method using gypsum plastettt@reveal
provided considerably higher air leakage rates thgmected (2,90 m3/h.m); this is due to shrinkaggcks
between the plaster and window frame. This sitnatias resolved either by using an end profile ffier plaster



with backer rod and caulking; or by applying arigit membrane on the interface. Due to sensititatieakage

at the window corners, the installation with a meame adhered on the side of the window frame before
installation proved to be more airtight than theecavhere the membrane was installed on the intsitdle. The
solutions with end profile and membranes are sefiitty tight that these may be used when constigctiery
airtight buildings such as passive homes. The liastan method for well insulated buildings usinglywood
frame around the window was also very airtight ¢loeD,33m3/h.m), and this method incorporates camnalle
redundancy.
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