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ABSTRACT: There is a general consensus that buildings shoelwell insulated in order to redut
energy losses through transmission and increasiagfigntion is paid to ventilation systems as amaea
controlling energy losses by integrating heat ergeas and demand controlled control algorithms. &,
contrary to the use of additional insulation and itmplantation of ventilation systems, the requieaimfor
airtightness is all too often disregarded in thastauction industry today. Not only because thagple of
airtightness may be more difficult to put into pree, but also because the effect is generallytaken into
account in energy calculations unless a blower-doeasurement has been completed. It is to be toétd
blower-door measurements to determine airtightneseot standard practice in most countries with a
moderate climate like Belgium. In order to stimeldhe implementation of airtight construction pice
more research is needed on airtight solutions rtigodar for masonry construction as this is thedaminant
method of building construction in Northern Eurofexcluding the Scandinavian countries). This paper
focuses on the performance of different solutiarseinsuring the airtightness of the window-walknféce.
The continuation of the airtight plane from thegiéa to the window frame by an air seal can comsdjst.g.,
membranes, sprayed foam, gaskets and sealant. jdihes performance of these different solutions are
evaluated by lab experiments on a full scale magzlkfua masonry brick wall with a typical window b23m
wide and 1.48m high. The airtightness is measured standard test rig for window frames accordmthe
procedure given in ISO 6589 and EN 12114. Basedhenresults of the experiments it was possible to
formulate practical guidelines in regards to aitigess installation of windows for the building urstry.
Depending on the objectives concerning energy-gavai a specific project it would be possible teskea
limited number of window-wall interface designsttban achieve the required level of overall airtingtss for
the building. Different types of interfaces may desirable for standard practice, low-energy buddiand
zero-energy houses. The results derived from thgermental work will help architects and contrasto
evaluate the quality of interfaces during and aftanpletion on site.

1 INTRODUCTION (Tol et al., 2009). Tol predicts that in the U.Bere
will be no decrease in carbon dioxide emissions in
Throughout the last few decades an increasinthe next few decades. Hence, it can be assumed that
number of countries are enforcing energy codes anolilding codes and energy regulations will only get
existing codes are getting stricter. In additithere  stricter.
has been a general increase in the price of energy Airtightness is an important factor in determing
(U.S. Energy Information Administration, 2008). An energy use in buildings. In a moderate climate like
analysis of residential energy use between 1973 ariBelgium infiltration of cold air accounts for up to
1999 and the relation between energy price20% of overall energy loss for code-complient
building codes, income levels and final energy uséuildings (VEA, 2009a). Obviously, in colder
per capita can be found in Unander et al. (2004). Aclimates the more pronounced effects of infiltrgtin
well, the growth of an environmental awareness hasold air in buildings will result in code requirents
placed energy efficiency on the political agendafor improved energy efficiency and thus promote
However, the trade-off between rising consumptiorbetter construction practice concerning airtightnes
and improving energy efficiency is superseded byMc Williams and Sherman, 2005). In general, the
the expanding economies of developing countriegxisting housing stock in colder climates is more
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airtight as compared to homes located in moderateractice (e.g. Belgium, The Netherlands, Northern
climates (Sherman and Chan, 2004). One mighErance, Great Britain). This section of the paper
expect that more airtight buildings are constructedomprises an analysis of experimental data on the
over time due to rising energy prices and strictenirtightness of window-wall interfaces found in
building codes, but an analysis by Bossaer et aliterature, including some general guidelines or
(1998) on 51 houses built between before and aftestimation techniques which are often used or cited
the implementation of the first energy building eod  The air flow rate through an opening for an
in Belgium showed no difference in respect toapplied pressure difference is commonly expressed
airtightness. However, the energy code in Belgiunby the empirical power law equation (1):
only provides recommendations on airtightness in
relation to HVAC-systems, contrary to that required Q@ = C.AP"
in other countries, e.g. Norway, Sweden and the US Q)
(Limb, 2001). The average airtightness of Belgian
detached residential buildings is 11.¥ &ir changes With Q: air flow rate (m3/h), C: flow coefficient
at 50Pa pressure difference (Bossaer et al., 1998n3/h.Pd), AP: pressure difference (Pa) and n: flow
results were recalculated to meet I1SO 1382%xponent (-). All results are converted into these
requirements). These values are well above aljuantities (discharge coefficienty@or converting
recommendations in national standards (Limb, 2001¢.g. Equivalent Leakage Areas is assumed to be 1,
and typical measurements in the U.S., Canada arfbw exponent in general is 0.66). Results are
Sweden (ASHRAE, 1991). There is a clear need fosummarized in Table 1 and classified into low, mean
more information on the airtightness of recentlyand high air leakages, but these classes can have &
constructed buildings in Belgium. slightly different meaning, as explained below.
Energy concerns are not the only reason to focus AIVC (Orme and Leksmono, 2002) reports
on airtightness. A lack of airthightness can causenedian values (mean), 25%-fractiles (low) and 75%-
cold draughts, lower acoustical performance of thdractiles (high) for window-wall interfaces (result
building envelope, interfere with the balance of abased on laboratory and field tests, constructipe t
HVAC-system, promote interstitial condensationundefined).
through exfiltrating air and surface condensation ASHRAE - US (1993) offers a ‘best
through infiltrating air. Research by Lacasse et alestimate’(mean), minimum (low) and maximum
(2003) even suggests that deficiencies in airtigbgn (high) values for low-rise residential building
have an effect on the watertightness of the windowapplications (wood-frame and brick cavity walls).
wall interface: less airtight constructions achieveAlthough the results are expressed as air leakage p
lower pressure equalisation and  duringsquare meter, this is considered as a typographical
measurements high water infiltration rates wereerror and should be reported as per meter joint; in

monitored. this way the results have the right order of
magnitude.
The SENVIVV-study - BelgiuniBossaer et al.,
2 LITERATURE REVIEW 1998) reported an estimation technique for

residential buildings. There is only one value for
Contrary to the overall insulation level of a builg,  window-wall interfaces of brick cavity walls,
the airtightness is not an area-averaged value. Amggardless of execution method.
deficiency can have a major effect, so attention SBR — The Netherlandsan den Engel and Op't
should be paid to every aspect of the buildingveld, 2001) reports a mean and low reference value
envelope. Research and guidelines are required dor the airtightness. The two classes may apply
the airtightness of floors, walls, roofs, windows,according to the type of ventilation system in the
doors, interfaces, penetrations etcetera. The al/picbuilding.
construction method and materials of those differen Relander et al. - Norwaf2008) did an extensive
components of the building envelope varystudy on the airtightness of sealant methods in
geographically, according to climate, naturalwood-frame houses. Five sealing techniques for a
resources and building practice employed in da5mm joint were tested (low), and for some methods
particular geographical location. This paper onlythe effect of faulty workmanship was characterized
focuses on the window-wall interface in cavity Eric (high).
masonry walls. These walls consist of an inner Proskiw — Canada (1994) reports leakage
masonry wall of extruded clay brick, a cavity characteristics for eight different sealing methfus
partially filled with insulation and an outer brick wood-frame constructions (13mm gap at side and
wall. The airtightness of the wall is secured by a@op, 32mm gap at bottom). Every method was
layer of gypsum plaster, manually applied to thenstalled and tested five times by two different
interior side of the interior brick wall. This typef  persons to obtain representative values. The
wall is typical of north-western European building



minimum (low), mean and maximum (high) valuescaulking - 0.100 -

are reported here. foam - 0.100 -
Hoglund and Jansson — Swed@di®984) tested the CMHC

airtightness of five methods for sealing window4wa. =

interfaces in wood-frame houses (joint width notMineral wool 1305 4.004  10.797

reported). Closed cell backer rod 0.033 0.058 -
Louis and Nelson - US(1995) reported Open cell backer rod - 18.288 -

measulrekrjn_er;(ts for a W%Od'game cohnstructl(l)n anmd™ Table 1. Airtightness measurements of window-

several brick cavity walls, but as the results are ) jnterfaces in literature

reported per window (window dimensions are not

documented), these are not included in the st jiterature dealing with airtightness of

summarizing table. window-wall interfaces originates from countries
..C'\r’]'HC - ]S:anada (1991)'d reported  on thed with a cold climate, and practically all reported
airtightness of 12.7mm wide joints In wood meagurements were completed on wood-frame

constructions  before and after simultaneougysiructions. Even though most joints have a

exposure to extended pressure and temperatufGyiiar width, there is a large variety in air floates

differentials. A selection of the initial results i for similar products. For example, the installatifn
reported here. mineral wool limits the air flow to around 1.5méfh.
at 50Pa when placed correctly and is well

[m*/h.m] at 50Pa low mean high compressed, and ca. 5m3%h.m when installed
AIVC incorrectly. Backer rods can be very airtight, simel
caulked joints 0016 0119 0.571 air leakage should be below 1m3h.m at 50Pa,

whereas open cell products and self-expanding

uncaulked joints 2.523 2904 3.189 products generally perform poorly. Tapes and
ASHRAE membranes are more airtight, between 0 and 0.31
masonry, uncaulked 0373 0425 0.674 m3/h.m at 50Pa, but also susceptible to improper
masonry, caulked 0.072 0.085 0.137 installation. Polyurethane foam and sealants are
wood, uncaulked 0098 0111 0.177 practically perfectly airtight when installed
wood, caulked 0.020 0020 0.033 correctly.

SENVIVV

undefined - 1000 - 3 EXPERIMENTAL SETUP

SBR

undefined 1.040 2.080 - 3.1 Standards

Relander et al. ] '_I'lz_e airtlightnetss of Euilding corgponentz_ anctl

. uilding elements can be measured according to
Mineral wool - 1490 - 4.050 standard NBN EN 12114 (CEN, 2000) or NBN 190
Self expanding sealing 3930 - 10870 6589 (ISO, 1992). The testing procedure in both
strips standards is very similar, although the CEN stashdar
Backer rod 0.970 . 1.240 includes more specific restrictions and guidelinas
Tape 0.000 - - the accuracy of the measurements.

Airtight membranes 0.310 - 6.960 The CEN standard suggest at least 7 measured
Proskiw points, with a maximum pressure difference in
No treatment 4867 4.965 5.176 accordance to the appropriate'proc!uct specification

) . In absence of such a specification, one of the
Conventional fibreglass 1.592 1.830 1.997 f . .

) o ollowing pressures should be assumed as maximum
hlgh den5|ty flbreglass 0.530 1.239 1.628 pressure: 50_100_200_500_1000 Pa. The |SO
backer rod 0.089 0.253  0.420 standard does not give any maximum values, but the
casing tape 0.003 0.013  0.021 test sequence should be: 50-100-150-200-300-400-
poly-return 0.042 0.096 0.237 500-600-(600 + X.250) Pa. Both standards specify
poly-wrap 0.002 0015 0.027 three rapid pulses of 10% higher than the maximum
PU foam 0000 0.031 0155 pressure dlffere_nce. _ Furthgr_more, both standards

. only require testing with positive pressures (exdér
LU B B pressure on a building higher than internal pregsur
mineral wool - 5.000 -
plastic coated mineral - 0.900 -
wool

airtight membranes - 0.100 -




3.2  Procedure measurement, as well as the 2,058mz2 of plaster on

The test samples were measured using a standatn]e wall which was considered perfectly airtight.

calibrated test rig which is used on a daily basis 3.4  Test specimens
test the airtightness of window frames according to | der t h itiaht tth
NBN EN 1026 (CEN, 2000). The specifications and .\ Order o measure ihe airtightness ot Ihe
accuracy lie well within the limits required by the window-wall interface in cavity brick walls, twode

sandards mentoned above, I absence of afPECTENS, Were bl o represent dlferent
specific guidelines for window-wall interfaces, the ' P

test protocol was based on the one for windov@raCtice and comprised an aluminum window frame
: : In a cavity brick wall with 8cm of polystyrene
frames given 0|n NBN EN 1026. After the three. sulation {'/;md 3cm of cavity, Test s%tuypslls Was
B L o o 25 Pestr, ilhought represetatve of well pulated buidngs,
450-600 Pa. The same procedure is then repeated @ﬂd consisted of a wooden window frame in a cavity

: : : : k wall with 20cm of polystyrene insulation aad
with negative pressures. Although slightly divergen re . , :
from the generic airtightness test standards, gcm cavity. Both windows are 1.23m wide and

provides information for both positive- and negativ -48m high (according to the product standard NBN

pressure conditions. Next to that, the lab has beel?lN 14351-1, and representative for typical

certified for airtightness testing on window framesd'menSionS)’ and both walls are 1.92m by 2.02m

for over 35 years, and by using an existing tes?zm adjusted to brick modulation). The window
protocol it is likely to achieve a higher degree o rames were adjusted and sealed with tape to be

Qo erfectly airtight.
reproducibility. P . . :
The extraneous air leakage was measured befoye In test setup A the window was installed using

and after the first series of tests: the air Ieakag{yplcal mounting brackets, whereas in setup B — due

augmented with 0.68m3/h at 50Pa. The experimentg\? the fact that wide cavity brackets are not aioop
there was a plywood framework to hold the

data reported in this paper are calculated by . . . L :
subtracting the first extraneous air losses froe th%ndow unit that could be flxed'to the |ntelr|ord:k|
all. In the test setups the horizontal projecteg g

measured air flows. The change in extraneou etween frame and wall is 2.5cm, which is typical
leakage results in an additional 0.13m3h.m at 50Parlol 2llows adequate tolerénce’ Note thgtp the
for the lower error bar (Setup A). The extraneadus a . ; 9 )
leakage of the other setup did not change. Hence PErMeter is not exactly the same for both setups
overestimation of the air losses is considered as Accause in setup B the plywood framework around
conservative approach the window requires a slightly bigger opening ie th
' wall to have the same tolerance. In both cases the
3.3  Measurement error window is recessed 10cm from the outer wall plane.
The maximum error on the flow coefficient can CONIary to common practice, the joint between the
jexterior brick wall and the window frame was not

flow meter and 5% error on the pressure differencgadlked during ftesting. It was assumed that
rickwork typically does not contribute to the

meter (maximum errors according to EN 12114). irtiahtness due o open drains and vents in the
Assuming these are not correlated, and assumingaé 9 P

maximum flow exponent of 1, the maximum errory FRCZt, T (oo "a0 imens were randomly selected
becomes 7.1%. On one hand, by using the actugil P y

errors based on calibration measurements, the errgpd installed by professional craftsmen. Caulking

changes over the spectrum based on the ranges 419 SPF were always left for at least a day to,cure
the 5 orifice openings used in the measurements, aﬁmd plaster dried over two days. i

is limited to about 3%. Whereas on the other hand, ' this first series of tests, no differentiatiomsy
the measurement of the specific setup might bggj;%es bvevti\lllveiennclfjk(]jee hgiﬁd’c{)anrgbﬁrgtriosnl! leﬂu\:\,eeﬁeSt
relatively accurate, the overall error in quantityi urthermore, it should be noq[ed that the results
the installation method in general might be ver A - :

large. Proskiw  (1994) measured Variationrepresents the air leakage along the linear irterfa

C : as well as any local deficiencies situated at the
gﬁ;gg;mjvhr:rneg;{]\?vggozm 22)'03 to 0.85 (except forcorners. For test setup A the perimeter is 5.32¢h an

Furthermore, there are several other errors th%&': obviously includes 4 corners. It is more likel

need to be reported: the extraneous air leakage wiiat the comers are less airtight than the lijeiats
measured by studiously taping an airtight Ue to additional interfaces and feasibility prohde

polyethylene membrane on the corners of the te%S the results are expressed per meter of joint

: - : ngth, this implies that these result might
specimen. Hence, the mterface; -Of the tape with th nc?erestimate thg air leakage for windows Wit% a
test setup might be an additional error on th(#J

ower area to perimeter ratio.



4 INSTALLATION METHODS Plaster + caulking— see Plaster; backer rod
and caulking installed between the plaster and the
4.1  Standard practice window frame.
In test setup A the airtightness of seven differen
installation methods were measured using positiv
and negative pressures. The selection of the difter
installation methods was discussed with buildingCurrently in Belgium (and perhaps elsewhere in
practitioners, window installers and manufacturerNorthern Europe where homes constructed of brick
in collaboration with the Belgian construction masonry walls are current practice) there is a
certification association group working on window-tendency to place more insulation in cavity brick
wall interfaces. Note that the plaster on the wall walls to comply with energy standards and in the
applied just onto the corner where, according texpectation of lowering heating costs. Extremely
common practice, an end profile is situated. Tgstinlow energy buildings can have cavities (width of
is still ongoing and will include different instation  insulation plus empty cavity) up to 24cm wide in
methods with membranes as well. Most commororder to obtain, e.g., passive house certificatis.
finishing systems are either window casings withthe window frame is typically recessed about 10cm
trims, or full plaster systems. Figure 1 depicte th from the outer masonry plane, the installation
different methods in standard practice. technique should take into account the eccentric
structural load of the window with regards to the
inner bearing masonry wall. This eccentric load can

é.z Well insulated buildings

12mm plaster

mm hollow clay bricks TeSt Setu A - . .
Somm nsuiaton P be dealt with by mounting strong brackets at the si
30mm cavity common practice . .
90mm clay bricks or by installing a plywood framework all around the

wooden block for mounting tim window frame. The latter technique was applied,
caulking . .
) —XPS substrate. because that is the most common approach used in
mounting bracket shrinkage crack . o
window tim | FEntnkage orack. buildings certified for extremely low energy usage
‘ (fig 2).
]igr;]nmplr?(:tli:n/lclay bricks TeSt Setug B
28&",;"‘0;2?35“"“ well insulated
90mm clay bricks

wooden block for mounting plywood framework |

plaster +
caulking

0 5 25 50 cm
Sprayed in Place Foam (SPF) |

SCALE

plywood framework |

backer rod and caulking |

Fig 1. Installation methods — standard practice

low energy frame and IGU |

Empty — the cavity between the brick wall

and window casing and trim is empty. Although this .

is only seen in older buildings, it marks a refesen | caulking]

point as worst case scenario. |
Mineral wool — the cavity is packed with SCALE

medium density mineral wool,.
Partial SPF — the cavity is partially filled Fig. 2 Installation methods — well insulated

with SPF. This might be more cost-effective asit i

faster to install than the full SPF. Full SPF — the cavity between the plywood
Full SPF — the cavity is entirely filled with frame and the insulation and interior brick wall is

SPF, but there is no caulking between the windoviilled with sprayed in place foam. Between the

frame and the window casement. window frame and the plywood frame there is
Full SPF + caulking— see full SPF; backer caulking to ensure airtightness.

rod and caulking installed
Plaster— an XPS substrate is mounted to the

masonry brick wall to cover the 25mm tolerance

gap; a continuous layer of plaster is placed am¢o

window frame. A minor crack is induced between

the window frame and the plaster due to drying

shrinkage of the plaster.

0 5 25 50 cm




5 RESULTS The full SPF installation method for the well
insulated test setup (with a plywood frame around
the window) proved to be very airtight. The results
are very similar to théull SPF + caulkingon the
setup according to common practice. This

Table 2 shows the results for the 7 airtightnessnethodology basically integrates a triple barrier
measurements on test setup A, common practiceystem: the SPF, the plywood frame around the
and 1 result for test setup B, well insulated. Thevindow which is glued to the frame, and the
average (positive and negative pressure) air fee r continuous layer of plaster.

at 50Pa per meter joint per hour is reported,

5.1 Experiments

including positive and negative absolute errorgeddas [m3/h.m] at 50Pa average error- error+
on the calculation according to section 3.3 of thie
paper. Test setup A

An empty casing results in very high air lossesEmpty 3220 11 0.98
which is only partly blocked with the installatioof = Mineral wool 6.54 0.34 0.21
mineral wool. The effect of mineral wool insulation partial SPF 0.97 0.17 0.04
is in line with the measurements on window-wallr, spr 0.35 0.16 0.03
interfaces in wood frame houses. The air leakagg  spr 4 cquiking 0.03 0.15 0.02
was slightly higher, probably because of geomdtric

.\ . . L laster 0.99 0.18 0.05

boundary conditions which differ significantly due )
to the construction method. Plaster + caulking 1.00 0.18 0.05

In case ofpartial SPFthe most important source Testsetup B
of air leakage is the gap between the SPF and tlrell sPF 0.098 0.02 0.02

plaster on the interior wall. Air can easily peagétr
the brick wall with mortar joints, and flow alonlget
uncaulked interface of the casing and the plaster t

the inside. When the cavity between the casing ane-2

wall was completely filled with spray in place foam A study on 30 detached residential buildings
(full SPF), minor air flows were observed at thejn Belgium showed that the average area of windows
interface of the casing and the window framegnd doors per house is 42.40m2, and the average
Indeed, those small leakage paths were locatéwat tperimeter of windows and doors is 130.8m (Van
specific points where the mounting brackets of th¢yen Bossche, 2005). The average net interior
window frame were fixed to the wall. Although the \gjume of the buildings is 508m3, and the average
SPF installation was carefully done by an instructomeasured airtightness 11:7at 50Pa (Bossaer et al.,
of that particular product, it turned out that thejgos; results were recalculated to meet 1SO 13829
mounting brackets might impede proper installationequirements). There are a few general
due to feasibility. When caulking was installedr®  recommendations on airtightness in  Belgium:
interface of casing and window fram@il{ SPF +  pyildings with a balanced HVAC-system and
caulking the air loss was well below 0.05m¥h.m.  HyAC-heat recovery system should have an
The use of plaster is considered to have a morgirtightness below 3" hand 1 H respectively. For
modern look compared to the use of wooden casingsassive houses the limit is set to 0.8. HThe
from an architectural point of view. Furthermore, i Flemisch Agency for Energy also advises about 3 h
should be quite straightforward to render airtightior jow energy buildings (VEA, 2009b). Table 3
solutions for the installation method: airtight gtler  shows the relative contribution of the air leak&g
is applied up to the window frame, and caulking canaijr leakage at 50Pa) of the window-wall interface
be used to make sure the joint in between is sealeghe overall air leakage based on the averaged value

The caulking is not always applied in commonmentioned above, for different levels of airtighiae
practice, because the plaster is believed to adbere

Table 2. Experimental results

Effect on overall building airtightness

the window frame to a sufficient degree as to @voi[,_\'q., |5.0m*/h.m | 1.0 m*/h.m | 0.3 m*/h.m
air leakage. However, due to the expected movemepy; 51 11.0% 2 2% 0.7%
of the frame (e.g. thermal expansion, vibrations— 7 5 5 5
. : : Y3h 42.9% 8.6% 2.6%
when opening and closing the window) the strain—— = o . .
id likelv be hih ht twure the fragil 1h 128.7% 25.7% 7.7%
would likely be high enough to rupture the fragile[ "~ 214.6% 42 9% 12.9%

bond at this interface. The results of the expeniisie
on Plaster and Plaster + caulking are virtually
identical, about 1m3/h.m at 50Pa. The effect of th
caulking might be short circuited by the plasteatth

Table 3. Relative contribution of air leakage thgbu
the window-wall interface to the overall building a
(Tzeakage

still adheres to the frame, but in any case the

recorded air leakage is higher than expected.




The choice for a specific installation method Filling the cavity between the casing and the
depends on the required level of airtightness, and brick wall only partially with SPF is already atg
whole range of practical considerations. Table 3mprovement (1m3h.m at 50Pa), but the interior
gives an indication of applicable installation brick wall is not very airtight, and still allow®me
methods for a specific project. Rather thanair to enter via cracks.
suggesting a arbitrary maximum percentage to When the entire cavity is filled with SPF there is
restrict the options, the choice should be made im principle a continuous airtight layer from wéd
consideration of e.g. financial cost, feasibility o window frame. The performance of the installation
proper installation on site and life cycle assesgéme method proved to be sensitive to errors during
in comparison to other options to tighten theinstallation: the space behind mounting brackets ca
building envelope. An analysis by Van Den Bosschée difficult to reach and should be completed with
(2005) of 9 estimation techniques for the airtigisth great care. By installing caulking at the interface
of existing residential buildings revealed that lgjal between the window casing and the window frame
roofs and floors represent about 40% of the overathis deficiency is repaired, and the air leakagspsdr
air leakage; building envelope interfaces 15%jfrom 0.35 to 0.03 m3/h.m at 50Pa.
windows and doors 30%; and penetrations and local The results of the installation method using
perforations 15%. Note that these percentages aptaster provided considerably higher air leakage
only a vague indication, and change quickly whemates than expected. At 50Pa the air leakage was
e.g. better windows are installed or cathedral soof1ms3/h.m, while a value below 0.5 or even 0.1m3h.m
have proper air barriers. was hoped for. No apparent leaks of deficiencies in

the sample were observed. Further testing will be
done to verify the results.
6 DISCUSSION AND CONCLUSIONS The installation method for well insulated
buildings using a plywood frame around the window
Airtightness is a key factor in the overall thermalwas very airtight (0.03m3/h.m at 50Pa), and
performance of buildings. As energy codes becommcorporates considerable redundancy.
stricter, the relative importance of airtightness i
achieving the requirements set out in the codesris  Future experiments will focus on installation
so even for homes located in moderate climates ihethods with membranes, and the effect of
becomes a crucial parameter. A literature reviewnstallation flaws will be tested by providing tgpi
shows that the airtightness of window-wall deficiencies. Next to that, an assessment of @iffer
interfaces has previously been studied, but prigari installation methods of sills is foreseen.
in wood frame house construction. It was also
evident from the results in this review that major
differences in airtightness performance can ansge d 7 ACKNOWLEDGEMENTS
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