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Watertightness of window frames: experience offreatibodies

N. Van Den Bossche, A. Janssens & J. Moens
Ghent University, Department of Architecture andai Planning, Faculty of Engineering, Ghent, Befgiu

ABSTRACT: The research facility for testing buildienvelope elements at Ghent University has bestimge
the air- and watertightness of windows for overydars. As a certified lab a lot of tests are damettie in-
dustry according to standard procedures. This pppesents the results and analysis of about 2@¢ tiest
were carried out throughout the last 10 yearshdsdverall performance of the window correlatechwite
construction material? And does a good airtightigessantee a corresponding watertightness?

All too often the test samples delivered by theustdy are an exception to the rule: while a gradeidow is
delivered to the lab, poor quality is general gcactClients, architects and contractors need -@aeaspecifi-
cations concerning performance assessment in tvddatain a high-quality product, and if there apparent
indications of defects or flaws the specificatish®uld provide the possibility to put a randomlpsén win-
dow to the test. Based on the experience of thidalkss notified body guidelines for quality maeawgnt in
low-rise and high-rise buildings are developed.

uct) a manufacturer can obtain CE marking for his
products. This would imply that every manufacturer
1 INTRODUCTION is required to put every product to the test. ldeor
to minimise the verification effort, a certain |éwé
In the current globalizing world where the limits transferability is foreseen in the standard: treilts
of free trade are expanding, the local building-conof the specimen which is the most unfavourable for
struction industry is an exception to the rule. Al-the performance characteristics can be transféored
though more and more standards, mandatory guidstmilar products within a product family or procur-
lines and performance assessment criteria arise, ting system.
overall quality of a building remains predominantly
the responsibility of the architect and the In November 2006 the new European standard for
(sub)contractors. As no two buildings are identicalwindows and external pedestrian doors EN 14351-1
every product needs to be adjusted and fine-tumed (CEN, 2006) was notified: in 2009 every window
fit the design of the architect. In order to hasene  manufacturer needs CE-marking with a FPC. It al-
kind of control on the products that are placedren lows shared and cascading ITT to reduce the number
marked and to create free trade in construction elef tests: a number of partners can join hands e co
ments, the European Community created the Euraduct the tests required for the ITT and each partne
pean product standard: the Construction Product Dreceives an ITT report. The adjective ‘cascadieg’ r
rective (CPD) in 1988 and the Construction Producfers to a licenser/licensee contract which defihes
Act (CPA) in 1998. use of the licenser ITT for the assembler in a reann
covered by private law without a repeat test being
A uniform test and classification to achieve a CE-carried out (Rossa, 2005).
mark is thus a type of license for the product, how
ever it is not a quality mark. Based on factory-pro  But does it make any sense to allow shared and
duction control (FPC - establishment and maintecascading ITT whit regard to windows and doors?
nance of procedures and product processing) ardoking both at scientific research and practical e
initial type testing (ITT - a notified testing body perience of notified bodies one might even consider
evaluates the performance characteristics of a-progvhether ITT has a solid basis.
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2 SHARED AND CASCADING ITT ter of the round wheep holes is 8mm (41%),
6mm (38%), 10mm (8%), 5mm (5%) or 4mm
(5%). The maximum distance between 2 wheep

2.1 Belgium holes varies a lot: 600mm (43%), 500mm (16%)

0,
A lot of manufacturers of windows and doors are or 400mm (119%), but also 740mm, 800mm and

Small and Medium Enterprises (SMEs), and this is 980mm are reported valges. Only 55% of all
especially true for manufacturers of wooden window ~ Mmanufacturers use vents in the top of the frame
frames. Hence the Belgian Building Research Insti- {0 ventilate the cavity.

tute (BBRI), SECO (Technical Control Bureau for _ _ o

Construction) and the employers’ federation of car- It is particularly striking to see that the key pa-
penters have initiated a joint research progranteto rameters to obtain a good watertightness have the
velop shared and cascading initial type testing adnost scattered distribution. The right number, shap
cording to EN14351-1 in the Belgian context. In theand dimensions of wheep holes are unclear and 45%
first phase research is concentrated on thermal pe®f all manufacturers report they do not drill veits
formance, watertightness, airtightness and resistanthe frame.

to wind loads, and only the most common window _
types are taken into account (turn/tilt windowsydo  Based on the results of the survey, the committee
ble hinged window and sliding windows). According decided to test 16 windows. Following parameters
to annex F of EN 14351-1 results of those windoware altered to test their influence:

types can be extrapolated to less complex window 1. depth of the profile (58 or 68mm)

types: the goal of this project is to cover abodfo8 2. type and brand of the watertightness gasket
of all windows that are produced in Belgium. As no (2 brands, each brand 3 types, both cut and
statistical data on window production are available welded)

survey was sent to 663 manufacturers in Flandérs, 0 3. type and brand of hinges, joggles, fittings
which 92 responded with a complete survey form (4mm: 2 brands / 12mm: 2 brands)

(13.9%). The most interesting results are listed be 4. decompression cavity (present / not)

low:

= Meranti is the lumber type which is most fre-
quently used: 59%, followed by Sipo (16%),
Afzelia (8%), Merbau (6%) and Padoek (3%).ab
Each other type of lumber represents less than

1% of the total _quantl_ty. L _ Table A.1 of the EN 14351-1 states the profile of

= The average dimension of a turn/tilt window isthg sash and frame (area and shape of the cross sec
1286mm by 915mm. As the acoustical perform-tjons, assembly, ventilation devices) has a clear i
ance is determined on a 1480mm by 1230mnfluence when it comes to watertightness, air perme-
window these dimensions are used as an averagdility and resistance to wind load. The hardware o
(this covers over 90% of all reported dimen-the other hand ‘may’ have an influence on those
sions). characteristics and evidence of interchangealwlity

= The wooden frame is 58mm (78%) or 68mmhardware can be admissed to avoid re-testing.

(12%) wide and the sash and frame are about . . ) ,
80mm high (61%, the range 75mm-85mm cov- ~One should consider the fact that if the ‘average
ers more than 95%) window is selt_eg:teo_l, with the average parameters qnd
= 96 % of all wind bled with a d average specifications one may end up with a win-
o O all windows are assembled with & doUyqy that has never been built before. There magy be
ble mortise and tenon joint. The other windowsgtrong correlation between different parameters tha
have a dowel (pinned) connection or a singlgs not covered here.
mortise and tenon joint.
=  Only 34% of all manufacturers report they weld The organizing committee is planning to use the
the airtightness gasket in the corners, the othgesults of these tests as ITT and claims transféyab
66% cut and fold the gasket in the joint. to a large extent: the ITT-reports will be placedao

= A solid 91% uses silicone paste to install the in\Website open for members of the employers’ federa-
sulated glass unit into the frame, 9% uses an esfion of carpenters and they in turn will autonomous

truded PVC or EPDMjasket. The height of the decide whether_their products do in fact have the
. . same characteristics to be a member of the tested
glazing groove is 18mm.

. . roduct family. This project is a local example of
= The shape of the wheep holes is predominantly,,, shared and cascading ITT can be used to obtain

round (84%), slits account for 16%. The diame'CE-marking for a range of products.

5. type of lumber (2 types)

The results of these experiments should be avail-
le at the end of 2008.



2.2 Europe (66%), 52 vinyl windows (25%) and 19 wooden

The ECWINS-project was initiated by the windows (9%). These experiments where all done

“Eachverband des  Tischlerhandwerk”  from according to current European standards. For more

Northrhine-Westphalia (Germany) — together Withmformation on watertightness testing see (Van Den

30 other partners from 8 different EU-countries _Bossche et al. 2008). While the aluminium windows

and was approved to be supported by the SiXtﬁchieve high levels of wa_tertightness more fr_e-
Framework Programme of the EU guently than the other materials, many wooden win-

The program has the ambition to develop a CEglows seem to fail at very low pressure differences.

based Assessment Model to calculate the GF

30

performance characteristics whereby physical tgsti B Aluminium
would be minimised. Hence more innovative wirnp _| @ Wood
dow designs can be developed especially for SM =iyl
and craft firms. That will in turn strengthen thent 20 |

petitiveness of the SME with regard to the indastri
ized window manufacturer. In the experimental teg:
set-up 56 windows from 8 countries are tested, sl
divided into three categories: turn/tilt windows)1 10
composed windows (19) and ‘specials’(19). The r
sults show that both airtightness as well as r&st&t 51

to wind load show good repeatability and reliapilit H ‘W
Watertightness on the other hand does not give § ©°- ‘ ‘
ficiently consistent results: the repeatability rist % % B N B g Y
good, in place repetition and remounting can git._ Level of Watertighiness - F 12206 [Pal _
different levels of watertightness, and it is haod Figure 1. Watertightness of window frames - materia

predict the watertightness level based on the con- . )
structional configuration (ECWINS, 2008). The difference in performance between the three

types of windows has little to do with material pro

The aim of the program is to develop a modep_rties. Every material has it own spe_cific construc
(which is based on a parametrical analysis with- nedion methods and technology to achieve watertight
ral networks of the experiments on those 56 winWindows, in that way every material generates other
dows) that will predict the performance characteris@dvantages and potential problems. The type of ma-
tics of any given window, so there is no modellafg t_erlal is also corre!ated with the scale of thedoio
the physical phenomena is required. There are onKON Process. The investment in o_rder to manufactur
about 18 windows per window type, manufacturegvooden window frames is relatively low and the
in 8 different countries, made out of different mat Ne€cessary training is instructed at ‘most schools
rials (wood, aluminium, vinyl) and have a lot of where courses of carpentry are organlze(_zl. Therefore
varying characteristics: opening inwards/outwardsmost of the manufacturers of wooden windows are
shape of the profile, number of closing points,ra}ther small workshops with only a few employees.
wheep holes and vents, types of gaskets, cavity voVinyl and aluminium window frames require more
ume etc. The results show that the different las g@dvanced technology and much higher investment
not succeed in reproducing the results of their owi§0Sts. Those enterprises are bigger and the technol
experiments, so how can this information be used t89Y transfer is primarily located within the compan

predict the watertightness of other windows? itself. Wh_ile big comp_anie; rely on subdividing _the
construction process into little and easy stepann

assembly line and use quality control systems, Ismal

3 EXPERIENCE WITH CERTIFIED TESTING workshops rely more often on craftsmanship and
may have a larger risk for errors to occur.
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_ Looking at the results of experiments on alumin-
3.1 Survey on 207 windows ium and vinyl windows during the last 15 years

The test centre for facade elements of Ghent UniS0Me evolutions concerning airtightness and water-
versity was founded in 1952 in order to do researcfghiness can be analyzed. The average performance
on watertightness of windows. Between 1952 an(jluctuates very strongly_ throughout that periodgth
2008 the test facility has tested a lot of windams 'S Not caused by statistical flaws e.g. too snihs
cluding their performance regarding watertightnessPle group). Vinyl windows have improved signifi-

airtightness and resistance to wind loads. Asreest cantly especially since 2001, going from an average

riod of time, we were able to retrieve 207 test reSomewhere between 500 and 650 Pa in the last 5
ports, containing tests of 136 aluminium windowsY€ars. Aluminium on the other hands shows a



slightly downward trend regarding average water{ soo
tightness (from 800 Pa in 1994 to 600 Pa in 2007 150 Pa .
Before 2001 there was a clear difference in perform € 701 " -
ance between the two types of materials, but sinc i 6.00 -
2001 this difference has declined significantly and < _- - |
practically vanished. The total sample group of £ s.00 -
wooden windows is too small to analyze. E Airtightnesslevel 3, *
Airtightness does not give the same result as wg & *% -
tertightness: aluminium windows achieve the highes 2 ;44 P _ /
airtightness levels, followed by wooden and vinyl ] /' Airtightnesslevel 4, gy
windows. The airtightness of the windows is speci- g 2.00 1= L |
fied by a level according to EN 12207 ranging from| £ 100 7/ - |
1 to 4, level 4 being the most airtight class. rell o _
® 00 M—m/— : : —
50 150 250 350 450 550
35 Pressure difference [Pa]

O Level of airtightness 3 ( EN 12207) ; - ; ) )
B Level of airtightness 4 ( EN 12207) | Figure 3. Required maximum air leakage rate to inkdacer-

tain level of watertightness
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Good pressure equalization and watertightness
depend on the collaboration between the frame,
hardware and gaskets. Apparently the gaskets in the
less rigid frames are not able to follow the bigder
formation: either this is a physical limitation, or
| O none of those windows had gaskets adjusted to the
type of frame. The mechanical resistance is a combi
nation of the stiffness of the frame and sashfittee
tuning of operating hardware and the number of
hinges, stays and other elements that connect the
: . . .. sash to the frame. More information on relaxatibn o
Figure 2 shows the correlation between airtightipe gasket and its influence on pressure equalizati

ness and watertightness of windows: this cleary inggpecially during gust effects, can be found inn(Va
dicates that the level of airtightness is a stipoite.  pep Bossche. Janssens & Moens 2007).
for good watertightness because only 6% of the win- ’ ’

dows of level 3 achieve a watertightness level @bov 1, orqer to analyze the influence of the position-
600 Pa (for the airtightness level 4 windows tha;ng of the gaskets in the profile (inside, centwal

percentage is 38). A close examination of those re; side) the results of the aluminium windows were

sults shows that at least airtightness level 3eis r analyzed. Some results were excluded from the sta-
quired for watertightness levels above 150 Pa,llevgjgiical analysis to avoid distortion due to infiion

4 is required for watertightness above 450 Paaiind 1, .ohlems which are not related to the gaskets. Most
the windows with a watertightness of 1200 Pa h,"’“’gluminium windows have at least two gaskets, and
an air leakage which is about half of the permlssib {ha most common systems are: inside-central, inside
leakage to attain level 4. Figure 3 shows thee@iki iside, inside-central-outside, central-outsidehe

age per meter of joint length in function of the ai yindow frames with an inside-outside gasket con-
pressure across the window for 29 windows. 144 ration clearly perform less well compared te th
Wlndo_vvs remained Watertlght up to 150 Pa (lightyiher systems, as only 25% of these windows
grey lines), the other 15 windows reached a watefychieve a watertightness level above 600 Pa. On the
tightness level of 1200 Pa (black lines). This djea  oher hand 43% of the windows with gaskets central-
indicates that airtightness is a condition to reach g tside reach that level, and 41% of those with gas
certain level of watertightness. kets inside and central. Windows with three gaskets

tl f lightly | d than th
The correlation between mechanical resistance tggg\a/?nTKisp e,; og:gbsalgly gaﬁ:dg%c;/ toI:rr;ncg ?)/Poeb-

wind loads (the deformation when submitted 10 gems o position the sash correctly in relatiorttte
certain pressure 'dl'fference) and 'vv_atertlghtness iBame, hence the compression of the gasket widl als
slightly less explicit, but more rigid frames do g ess uniform over the perimeter. The overalkcon

achieve a better watertightness performance, angysion for aluminium windows is obvious: two gas-
more slack windows (relative sag under a 1000 PRaig of which one is centrally located in the avit

load is bigger than 1/350) apparently do not re&ch pepyeen the sash and frame provide the best con-
watertightness level above 600 Pa. figuration for watertightness.
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Figure 2. Watertightness vs airtightness level



3.2 Practical limitations for experimental research Most failures were traced back to construction er-
It is very difficult to make a parametric analysisrors of the manufacturers. With some guidance and a

based on the results of these experiments. AIthouqd}:\/Li‘rrlgg(j\:s (()(f)n]:eoIsl?avsvﬁurﬁ)a;)t(gebrclemrzmlzc:g)eC\}g?e”éb?él to
the sample group is relatively large, there are to b

many parameters that change: dimensions, numbEfach @ satisfactory level (600 Pa), but eventually
of wheep holes and vents, material, type of windo nly 3 windows achieved the same watertightness
opening (turn-tilt, side-hung, sliding, pivot, com- evel as during ITT. Furt_he_r analy5|_s points ouwdtth
posed...), type of gasket, number of closing point he resistance to water infiltration is slightlyres

etc. The failure of a window can rarely be trace ated with the airtightness of the window, but ee r
back to one particular parameter that initiated fai ation with the type of hardware, number of closing

ure. Based on experience in the lab the most conf®Nts or brand could be made.;Nhy does one win-
mon errors that cause water infiltration are: dow perform better than another? Although only one

parameter was changed that was probably not the

- the size of the sash is not well adjusted to thgominant influence on the system. This clearly un-
size of the frame derlines that ITT is only an indication of the pote

- the sash is not correctly positioned in respecE'al performance of a certain window type.
to the frame, or the sash is not level

- a T-joint connection in the frame is not wa- Another example of the influence of craftsman-

. ship was obtained during other tests on interchange
tertlght_ PR bility of hardware: two different brands were in-
- the airtightness gasket on the inside is nogltalled in identicél double side-hung casement

continuous or the mitre joints of the gaskets’ . . 9
indows. Initially the results were not that good

Strotp?:rl)? ottom of the frame are not Sealea(Al,)oth windows failed at 600Pa), but when just one

) - - . closing tap was adjusted 1mm, the windows
ge;rllg(rje joint of the frame is not properly achieved watertightness levels of 750Pa and 1200Pa.
- the removable glazing stop of the IGU is tooThese kinds of differences cannot be traced, becaus
short causing a high air leakage rate at th&Ven the required force to bolt the gearbox did not
corners and hence water infiltration Cchange a great deal after the adjustment of the clo
' ing tap.
The craftsmanship and attention of the manufac-
turer will be the first bottle neck for the wategtit-
ness performance. However, these types of failurgw-l{l%v(\)/\'?‘\/%Ds HIGH PERFORMANCE
can not be traced back by a parametric analysis:
when comparing different results of experiments on
windows one should always find out what initiated

failure. 4.1 Quality control
Most European countries have guidelines or man-
3.3 Parametric analysis of operating hardware datory standards concerning watertightness of win-

dow frames. Currently the only possible benchmark
to compare different types or brands of windows is
the ITT. As stated before this is only an indicata
Ihow a window type ‘could’ perform under optimal

size, sections, reinforcements, gaskets, glazipe, ty conditions. Every SME should develop a factory

etc. Only the hardware was altered: 7 differenegyp Production control system in order to analyze every
of hardware (4 brands) were installed in the tutn-t step during the construction process. This will en-

windows. This also meant that not every window2Nc€ the technology transfer within the company it
had the same amount of closing points: this varie elf, and possible flaws will be discovered sooner.

from 9 to 12. However, every single window was he experience of the testing facility of Ghent Uni

constructed by a different manufacturer. Each winY€rSity points out that the actual assembly of the
indow frame and sash is crucial to the overall-qua

?e%%nvéizgﬁg{qlg%tw (I)tfh7k:/(\j/ir?(|j%\</$ss gr?g/ gr%llj(??rt] é%th%tvy, a_nd that most window failures can be traceckba
reach the watertightness level that was achieved dut® this.

ing initial type testing of that particular fram&200
Pa). Two windows initially did not even reach the
required level for windows in low-rise buildings
(<10m height) in coastal area’s (450 Pa).

During 2006 Ghent University did a series of
tests on the interchangeability of hardware in col
laboration with the BCCA. For these tests 7 ideaitic
vinyl windows were manufactured, with identica

Due to global warming, higher energy prices and
more strict energy requirements the construction
technology of window frames has changed through-
out the last few decades. However, the challenges w
are facing right now are not to be underestimated.



This will in turn affect the way windows are de- pending on the number of windows, the height of the
signed, how the hardware works, how well the cavityuilding and possibly indications of poor qualibet
is pressure moderated and which materials are useatchitect or client should have the opportunity at
For example: a better thermal performance can bineir disposal to test a limited number of windows
obtained if the central gasket is placed moreontfr on site. In order acquire information on the sénsit
therefore the cavity will be smaller - the resisg@ato ity of the results with respect to the accuracyhef
gust effects might be slightly improved - but tleg-p measuring equipment a number of tests were done
formance under static pressure difference willwith varying water spray rates and pressure differ-
probably go down (the water buffering capacity isences. During repeated testing of a window accord-
smaller). It is a whole system and everything terin  ing to standard procedures there may be a small de-
related. If only one parameter is changed, the gholviation of the results (the moment of failure can
design should be evaluated. Implementing new tecteccur a few minutes faster or slower) so a perform-
nology and materials with old craftsmanship has ofance change of 1 level is acceptable, which is sup-
ten lead to failing constructions... ported by experiments in the lab. The results ef th
experiments point out that a band width of 10% on
Testing any window according to current EUthe water spray rate or the pressure differences doe
standards is very time-consuming and hence venyot significantly influence the performance. Measur
expensive. So how does one obtain some kind aohg equipment with this kind of error bar is cheap
quality control on site? and does not need a lot of maintenance. Next to the
measuring equipment also the test procedure can be
4.2 Architects changed to sp_eed up the test. If a window should
' reach a watertightness level of 750 Pa for example,
The architect is the main actor in the buildingone can impose a pressure difference of 750 Pa for
process responsible for quality control on building minutes before spraying water on the surface. lr@r t
building components and materials. A visual inspecédifferent window configurations tested that waysthi
tion of all windows is the first step towards a lifya gave the same result as the whole test protocah(or
management system. However, what should the asome cases 1 level difference). Even though the re-
chitect look at? As no window manufacturer has angults are only an indication for testing according
publications on strict boundary conditions to obtai current standards, the obtained information can be
high quality windows, the architect does not knowvery useful to trace flaws.
which are the dominant characteristics of a window.
First of all architects should learn more about the
way windows work and how they are assembled5 CONCLUSIONS
Secondly, the industry should produce clear-cut in-
formation and design guidelines for the different CE-marking of windows based on shared and
types of windows. That way an architect can see howascading initial type testing may be a good idea i
many hinges, closing points, wheep holes etc. shoukheory, but in practice it will overshoot the mark.
be present according to the design guidelines. &' he®RResults of one specific window of one manufacturer
guidelines already exist in many companies, but ar@ill be extrapolated to a whole series of windows
not accessible for architects nor clients. produced by other manufacturers. This will not make
The experience of the notified test lab points outvindows better in general, it will only increases th
that the watertightness level for windows in loseri mass of paperwork. The most common causes of wa-
buildings can be achieved in most cases if no majder infiltration will simply be ignored and the fun
construction errors are made. For those buildings damental scientific base to justify the extrapolati
visual inspection by the architect should be sigfic  due to shared and cascading ITT is imaginary. in es
as quality control. If there are indications thhét sence, the Construction Product Directive of 1988
windows are not made according to the specificawas meant to deal with serial production like bsick
tions of the window producer, other measures can hiesulation or roofing membranes, so the scope @f th
taken. standard might even supersede the custom-made
windows manufactured by SMEs.

4.3 On site testing The experience in the test centre of facade ele-
Windows for high-rise buildings are subjected toments of Ghent University as notified body through-
higher pressure differences, so a higher watertighbut a number of decades can be summarized into a
ness level is necessary. A lot of windows do nofew guidelines concerning general quality manage-

reach that level of watertightness during lab-testi ment:

without retrofitting the test specimen. On top, the - good ITT is no warranty for good windows
difference between a good window and an excellent

window may not be visible to the naked eye. De-



most water infiltration problems can be CEN, 2000. EN 1026. Windows and Doors. Airtightn@sst

traced back to incorrect measurements an%Emetz%%de EN 143511 Wind 44 brod
poor Craﬂsman5h|p s . -1. INAOWS an 0ors — Progtant-

both int | t | K led t f dard, performance characteristics — Part 1 : Wirddland
oth internal as external Knowledge transier gyiarpg| pedestrian doorset without resistancéreécaind/or

in the window industry are too limited smoke leakage characteristics
A watertightness level of 450 Pa should beECWINS, 2008.Minutes of the General Assembly Meeting
feasible for most windows produced by ade- Fachverband des Tischlerhandwerks — NRW, Brussels,

tely skilled manufacturers (except for _Belgium.
gﬁ;r?gywisndos\?s forae;a?ncplfe)e S (except fo RDH Building Engineering Limited 2002. Water pemgitvn

-, . resistance of windows, study of manufacturing)ding de-
Although lab-conditions can not be achieved  gjgn installation and maintenance factors, CMH@&n&6u-

during on-site testing, the experiments can be ver, Canada

very useful and give a good indication of theRossa M., 2005From the U-mark to the CE-mark. National
overall quality implementation of product standardsternational Rosen-
heimer Window & FacadeConference 2005, proceedings

Furthermore the analysis of a large sample group, P "7

of windows shows that a statistical reliable parfame —\yajis: a critical reviewBuilding and Environment Vol.
ric analysis is very hard. Some general conclusions 35, pp.161-179

resh Kumar K. 2000. Pressure equalization ofscagen

can be found, but this is only a qualitative applpa Van Den Bossche N., Janssens A., Moens J., 2B@&sure

quantitatively no reliable conclusions can be drawn  €qualisation as design strategy for watertight vaine
Nordic Building Symposium, Copenhagen, Denmark

Summarizing, quality management of windows

should depend on the application: windows for low-

rise buildings (<10m), or buildings up to 18 meters

in a shielded environment can in most cases be pro-

duced by skilled manufacturers without testing and

most common errors can be found during visual in-

spection (although the architect needs specifio-tra

ing). Windows for applications with more severe

circumstances and submitted to pressure differences

above 450Pa should be tested on site. More research

on the reliability of on-site testing is neededt pre-

liminary research suggests that the accuracy of the

measuring equipment is not that important. Cheaper

testing devices will raise the viability of on-sttest-

ing and allow firms to cut back on retrofitting jus

after completion due to failing fenestration.
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