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Weatherstripping windows and doors 

by lngernar Hoglund and Bengt Wanggren 

Although primarily concerned with the optimum 
requirements for doors and windows that have 

. to be used b y handicapped people, studies at the 
Royal Institute of Technology in Stockholm have 
shown that certain kinds of weatherstripping 
can give good air-tightness with light closing 
forces. By extension, however, more ambi- 
tious weatherstripping can produce significant 

' improvements in air-t~ghtness and energy- 
saving at relatively low cost. 

Dr. Hoglund is professor at the institute's 
Division of Building Technology and Mr. Wang- 
gren is a research officer there. 

In both new and existing houses considerable energy 
savings can be effected by better sealing of doors and 
windows. Indeed, the Swedish code of practice, 
SBN 75, lays down specific requirements for the air- 
tightness of doors and windows, the object being to 
reduce heat losses b y  unwanted ventilation. ie air 
changes through points of leakage. 

However. rhe ventilation of buildings must be 
sufficient Ibr the hygienic requirements to be 
safeguarded. The extent to which ventilation can 
be cut 1s therefore open to debate, but an air change 
rate of 0.5 per hour 1s probably the least which is 
needed in a residential building. 

This report gives d i t a~ l s  of studies of the perfor- 
mance of weatherstrips for doors and inward- 
opening windows. It deals only with the seal 
between frame and casement. 

Leakage of air between the frame and the wall 
construction is thus not considered. All the investi- 
gations were performed on new windows and 
doors. The results are therefore primarily applica- 
ble to newly-produced doors and w~ndows .  The 
effect of weatherstrips was assessed with regard to 
their sealing capacity and. in the case of doors, also 
the closing force required. The air-tightness and 
closing force studies were performed as full-scale 
tests. The ageing properties of the strips were 
determined by the application of heat when the strips 
were compressed or extended. 

Tubular strip (0-strip) for mounting 
on a flat surface. Self-adhesive or' 
mounted by stapling, nailing or 
gluing. 

Angle strip (V-strip) for mounting in 
a groove. Is pressed into the 
groove. 

Angle strip (V-strip) for mounting 
on a flat surface. Mounted by 
stapling. nailing or gluing. 

D-strip with a toe for mounting in a 
groove. Is pressed into the groove. 

Expanded strip for mounting on a 
flat surface. Self-adhesive. 

Foam strip for mounting on a flat 
surface. Self-adhesive. 

Fibre strip for mounting on a flat ,,:.,.,:.,.,.,., 
surface. Mounted by nailing or :;.,!,.,;',: ::,.: 
stapling. -- 

Weatherstrips in the modern sense of the term have 
a relatively short history in building. The strips 
which were first used, and which are still in use, 
were spun-fibre strips of wool or cotton (with a 
diameter of about 8 mm). 

Foam strips consist of foam plastics with open 
pores. Expanded strips i.e. porous rubber strips 
with closed pores, are comparatively new on the 
market. 

Tubular strips are made in profile heights ('1 of about 
5 mm and larger, and angle strips in heights of about 
7 mm and larger. The materials most commonly 
used are synthetic rubber (EPDM, chloroprene 
rubber and silicone rubber), and plasticised pvc. 

Pvc is a thermoplastic material. It is sprayed in the 
molten state through a nozzle which gives the strip 
its shape. 

Weatherstrips: types and materials 

Tubular strip (0-strip) with a toe for 
mounting in a groove. Is pressed 
into the groove. ;r;;,;r,a;;it;;ge this might often be referred to as depth of 
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Calfeutrement des fendtres et des portes 
par lngernar Hoglund et Bengt Wanggren 

Bien qu'elles se rapportent principalernent aux 
exigences optirnales pour les portes et les 
fendtres que doivent utiliser des personnes 
handicapees, des etudes effectuees a l'lnstitut 
royal de technologie de Stockholm ont montre 
que certains genres de joints de calfeutrement 
peuvent assurer une bonne etancheite a I'air 
sans obliger a de gros efforts de ferrneture. 
Toutefois, par extension, des joints de cal- 
feutrernent plus sophistiques peuvent arne- 
liorer considerablernent I'etancheite a I'air et 
perrnettre des economies d'energie pour un 
coljt relativernent faible. 

Le Dr Hoglund est professeur au Departernent 
Technologic de la construction de l'lnstitut 03 
M. Wanggren est charge de recherches. 

I I  est possible de realiser des economies considerables 
d'energie dans les maisons neuves aussi bien que 
dans les maisons existantes grace a un meilleur 
calfeutrement des portes et des fenCtres. Le 
Reglement suedois SBN 75 institue des exigences 
specifiques pour I'etancheite a I'air des portes et des 
fenktres, dans le dessein de diminuer les pertes de 
chaleur par ventilation involontaire, c'est-a-dire les 
renouvellements d'air par les points de fuites. 

Toutefois, la ventilation des bi t~ments  doit Ctre 
suffisante pour continuer a satisfaire aux exigences 
de I'hygiene. La mesure dans laquelle la ventilation 
peut Ctre diminuee est donc matiere a discussion. 
mais un taux de renouvellement de I'air de 0.5 par 
heure est sans doute le minimum necessaire dans un . 

bitiment &habitation. 

Ce compte rendu donne des details sur les etudes de 
performances des bandes de calfeutrement pour les 
portes et pour les fenktres ouvrant vers I'interieur. 11 
traite seulement de I'etancheite entre dormants et 
battants et ne prend donc pas en compte les fuites 
d'air entre dormants et murs. Toutes les recherches 
ont ete effectuees sur des fenitres et des portes 
neuves. En consequence. k s  resultats sont essentiel- 
lement applicables aux portes et aux fenktres de 
fabrication recente. L'effet des bandes de calfeutre- 
ment a ete evalue eu egard a leur aptitude a assurer 
I'etancheite et, dans le cas des portes. egalement a 
I'effort necessaire a la fermeture. Ces etudes d'etan- 
cheite a I'air et &effort de fermeture ont ete faites en 
vraie grandeur. Les caracteristiques de vieillissement 
des bandes ont ete determinees en chauffant celles-ci 
lorsqu'elles etaient comprimees ou etirees. 

Bandes de calfeutrement : types et materiaux 

Bande tubulaire ibande 0) avec une 
languette a inserer dans une gorge. 
Est comprimee dans la gorge 

Bande tubula~re (bande 0) a tnonter 
sur une surface plane Autocollante 
ou a monter par agrafage, clouage 
ou collage 

Bande a section en \' a monter dans 
une gorge. Est cotnprimee dans la 
gorge 

Bande a section en \/ a monter sur 
une surface plane. A monter par / 
agrafage, clouage OLI collage 

Bande D avec une languette a 
monter dans une gorge. Est compri- 
mee dans la gorge 

Bande etiree a monter sur une Crcr\/y surface plane. Autocollante 

Bande de mousse a monter sur une 
surface plane. i\utocollante 

Bande de fibre a monter sur une ..:.;,:... ,.,., 
surface plane. ,A monter par c l o ~ ~ a g e  ~:..~,..;'::~,~ -- 
ou agrafage 

Les bandes de calfeutrement, dans I'acception mo- 
derne du terme, ont une histoire relativement courte 
dans le bitiment. Les bandes utilisees en premier 
lieu, et qui le sont encore, etaient des bandes tissees 
de fibres de laine ou de coton (d'un diametre de 
8 mm environ). 

Les bandes de mousse sont en mousses de plastique a 
pores ouverts. Les bandes etirees, c'est-a-dire des 
bandes poreuses de caoutchouc a pores fermes, sont 
apparues depuis relativement peu de temps sur le 
marche. 

Les bandes tubulaires sont fabrlquees avec des 
hauteurs i ' )  de profils d'environ 5 mm et plus et les 

I Dans le commerce. ceci esl souvenl des~gne par c c  epa~sseur ), de 
profils (I*; D.L.R 
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WEATHERSTRIPPING WINDOWS 
AND DOORS/continued 

In order that ~t should be made elast~c, a large 
proport~on of pla\tlclser IS added 

EPDhl IS absolutely resistant to ozone The reason 
for this 1s that the double bonds necessary for 
vulcanisation are situated in side groups and not in 
the main molecular chain. EPDhl also has good 
resistance to oxidation and heat and to weak acids. 

Chloroprene rubber has good resistance to ozone and 
excellent resistance to weak acids. 

The most im~or t an t  characteristic of silicone rubber 
is that it can be used at both very high and very low 
temoeratures. Figure I 

In the extension tests all chloroprene strips which had 
It has excellent resistance to ozone and the effects of been extended by 20 % of the length cracked 
weather. On the other hand, the material appears and broke on the'first day 
to be sensitive to wear and is affected more by weak 
acids than the above materials. The price of  the Duns les essais d'allongement tous les bourrelets de 
raw material is high. chloroprene qui se sont allonges de 20 % par rapport 

a leur longueur initiale se sontfissure3 el rompus des 
le premier jour 

t Material thickness of the 
strip. Does not include toe, if 
any. 

h Height (profile depth') of un- 
loaded weatherstrip. Does Extension test 
not include toe. if any. Four identical sets of strip samples of I00 mm length 

were weighed and mounted on sheets. One set 
s Width of gap between closed 

door leaf or casement and 
frame. Thr: mounting 
groove. if provided, is not 
included. In the section dea- 
ling with deformation tests, s 
denotes the thickness, depth 
to which the strips were 
compressed. 

The performance range of the strip. This is the 
range, bounded by two values of s, over which a 
weatherstrip satisfies the requirements specified with 
regard to air-tightness and closing force. 

The performance range is limited upwards by the 
highest acceptable leakage of air, and downwards by 
the greatest acceptable closing force. 

Ageing 

Ageing investigations were performed on weather- 
strips made from EPDM, chloroprene rubber, 
silicone rubber and PVC. 

was mounted in its original state, while the other 
three were mounted when extended by 5 .  10 and 20 
per cent of the original length. The samples were 
then placed in a heating cabinet at a temperature of 
+ 60 OC. 

All chloroprene strips which had been extended by 
20 per cent of the original length cracked and broke 
on the first day. 

Within days, one chloroprene strip which had been 
extended by 10 per cent broke. The other strip 
samples were still quite undamaged after 100 days. 
and no detrimental effect could be detected. (fig. I). 

To sum up, the investigation showed that the 
materials EPDM, silicone rubber and pvc have a 
higher resistance to cracking under tension than 
chloroprene rubber. This property is of great 
significance for weatherstrips of angular or tubular 
shape. When these strips are compressed between 
the mating surfaces of a door or window, the shape 
of the strip is deformed, and zones subjected to 
tension occur. In unfavourable cases longitudinal 
cracks may arise. 
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CALFEUTREMEYT DES FEN~TRES 
ET DES PORTESlsuite 

bandes a section en V avec des hauteurs de 7 mm 
environ et plus. Les materiaux les plus courammenl 
utilises sont les caoutchoucs synthetiques (EPDhl. 
caoutchouc au chloroprene et aux silicones) et le 
PVC plastifie. 

Le PVC est un materiau thermoplastique. II  est 
extrude a l'etat fondu a travers une buse qui donne sa 
forme a la bande. Afin de le rendre elastique. il y est 
ajoute une grande proportioil de plastifiant. 

L'EPDM a une resistance absolue a I'ozone. La 
raison en est que les doubles liaisons necessalres a la 
vulcanisation portent sur des groupes lateraux et non 
pas sur la chaine moleculaire principale. L'EPDM 
resiste bien egalement a I'oxydation. a la chaleur et 
aux acides faibles. 

Le caoutchouc chloroprene resiste bien a I'ozone et 
tres bien aux acides faibles et aux bases. 

La caracteristique la plus importante du caoutchouc 
aux silicones est qu'on peut I'~ltl:i,.er a~lssi bien pour 
les tres hautes temperatures que pour les tres basses 
temperatures. I1 a Line excellente resistance a I'ozone 
et aux effets des lntemperies. Par contre, le materia~l 
parait sensible a I'usure et i l  est plus attaque par les 
acides faibles que les materiaux cites auparavant. De 
plus. le prix de la matiere premiere est eleve. 

t ~ ~ a i s s e u r  du materiau de la 
bande. Ne doit pas compren- 
dre la languette, s'il ). en a 
une. L a n g u e t t e  

H Hauteur (epaisseur de profil) 
de la bande non chargee. Ne 
doit pas comprendre la lan- 

r/ 

guette, -s3il y en une. 

s Largeur du jeu entre le bat- 
tant de la porte ou de la 
fenetre fermees et le chassis. 
La gorge de montage. 
lorsqu'il y en une, n'est pas 

S 

comprise. Dans le chapitre 
traltant des essais de defor- 
mation, s signifie la quantite 
dont I'epaisseur de la bande a 
ete comprimee. 

Plages de performance de la bande. C'est I'intervalle. 
delim~te par deux valeurs de s,  dans lequel une bande 
de calfeutrement satisfait aux prescriptions concer- 
nant I'etancheite a I'air et la force de fermeture. 

Cette plage a pour lim~te superie~lre la filite d'air 
maximale admissible et pour llmite inferieure. la 
force de fel-meture maziniale ridmissible 

Vieillissernent 

Les recherches sur le vieillissemerit ont ete effectuees 
sur des bandes d'EPDhl. de caoutchouc chloroprene. 
de caoutchouc aux silicones et de P\'C. 

Essais d'e~irage 

Quatre jeux d'echantillons de bandes de 100 mm de 
long ont ete peses et montes sur des plaques. I'un 
dans son etat original. les trois autres etant allonges 
respectivement de 5.10 e t  20 'i~ de leur longueur 
initiale. Les echantillons etaient ensuite places dans 
une etuve a une temperat~lre de - 60 OC. 

Toutes les bandes de chloroprene allongees de 20 96 
de leur longueur initiale se sont fissurees et rompues 
le premier jour. Lrne des bandes de chloroprene 
allongee de 10 96 s'esl rompue en quelques jours. 
Les aurres rchant~llons de bandes etaient encore 
in~actes apres cent jours et aucune deterioration n'a 
pu ). etre decelee (fig, I ) .  

En resume. ces essais on1 montre que les materiaux 
EPDM, le caoutchouc aux silicones et le P\'C ont 
une resistance a la fissuration sous traction plus 
elevee que le chloroprene. Cette propriete est tres 
importante pour les bandes de calfeutrement L 
section en \' ou tubulaire. Lorsque ces bandes sont 
comprimees entre les surfaces jointives d'une porte 
ou d'une fenetre. la bande est deformee et certaines 
parties sont soumises a des contraintes. Dans les cas 
defavorables, il peut se former des fissures longitudi- 
nales. 

Essais de defortnariot? 

Les proprletes de deformation des bandes ont ete 
etudiees en comprimant quatre jeux identiques 
d'echantillons. Les bandes tubula~res ont ete compri- 
mees jusqu'a s = 4.5 mm et l e ~  bandes a section en 
\' jusqu'a s = 6 mm. Deux jeux ont ete places dans 
une etuve a 7 60 OC et les deux autres a la 
temperature ambiante de + 22 OC environ. 

En bref, les resultats des essais ont montre que les 
bandes de caoutchouc aux sillcones n'ont sub1 que 
des deformations permanentes tres petites alors que 
I'EPDhl et le chloroprene connaissa~enr des deforma- 
lions un peu pluh Irnport~inles lld~ih leu\ leh ea,ll\. 
les bandes de PVC ant presenle les deforrnal~on\ 
~ ' c~~ i i . i~ l e~ i r e s  les plus grande\ (fig !;I el Zd) 
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Ch lo roprene  

Y e i g h t  o f  w e a t h e r s t r i p  mm 
Hauteur  de bandes de c a l f e u t r e m e n t  en mm 3 

4.5, 
0 Time, days loo 

a Temps en j o u r  

H e i g h t  o f  w e a t h e r s t r i p  mm 
Hauteur  de bandes de c a l f e u t r e m e n t  en mm 4 

I --1 

6 1 I 

0 Time, days loo 
Temps en j o u r  

Figure 2 
The rop rwo relare to tubular srrip, both 11 = 8 mm. 
s = 4.5 mm, at + 22 OC and + 60 OC respectively. 
Similarly 2c and 2d show results ar ~hese remperatu- 
res for srrips h = 11 -14 mm, s = 16 mm. The 
graphs al l  show permanenr deformarion when tublilar 
srrips were compressed lo 4.5 tnm and angle srrips ro 
s = 6 mm. The verrical axes begin on rhese valiies of 
s. The distance berween the horizon~al axes and 
deformarion curves measures the expansion of the 
srrip ~ ' h e t ~  unloaded 

Les deux premiers graphiques se rapportent a des 
bandes a section rubulaire, loures deux de h = 8 mm. 
s = 4.5 mm. respectivemenl a + 22 OC er + 60 OC. 
De meme, 2c el ? d  monrrenr les resulrats a ces 
remperarures pour des bandes de h = 11 -14 tnrn, s 
= 16 mm. Tous les graphiques monrrenr les 
deyormarions permanenres lorsque les bandes lubu- 

H e i g h t  o f  w e a t h e r s t r i p  mm 
Hauteur  de bandes de c a l f e u t r e m e n t  en mm 

9 ,  1 

4.5J 
1 

0 Time, days 100 
b Temps en j o u r  

H e i g h t  o f  w e a t h e r s t r i p  mm 
Hauteur  de bandes de c a l f e u t r e m e n t  en mm 4 

1 
0 50 Tlme, days 100 

d T e m p s e n j o u r  

The deformation properties of the strips were studied 
by compressing four identical sets of strip samples. 
Tubular strips were compressed to s = 4.5 mm and 
angle strips to s = 6 mm. Two  sets were kept in a 
heating cabinet at a temperature of + 60 O C ,  and the 
other two at room temperature at about + 22 OC. 

Briefly, the test results showed that strips of silicone 
rubber had very small permanent deformations. 
EPDM and chloroprene rubber strips had some- 
what larger deformations. In all the tests, pvc strips 
attained the largest permanent deformations (figs 2a 
and 2d). 

laires sont comprimees a 4.5 mm et les bandes a 
section en Y 6 = 6 mm, tes axes verricaux Our investigations indicate, therefore, that special 
commencenr a ces va~eurs  de s ,  L~~ dislances rubber mixtures such as silicone rubber and EPDM 
comprises enrre les axes horizonraux el les courbes de are preferable to pvc for weather strips for doors and 
deyormation mesurenr les allongements des bandes windows The probable life expectancy of these 
une fois dechargees synthetic rubbers is up to 10 years. 
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i n v e i t l g d t i o n  

I I 

Figure 3 

Tire 'guarded pressure box' used for deter~nir~itlg air 
leakage 

La (i boite de maitzrien de la pression )) utilisee pour 
determiner les fuites d'air 

Les recherches indiquent, en consequence, que 
certains melanges speciaux de caoutchouc tels que le 
caoutchouc aux silicones. et I'EPDM sont preferables 
au PVC pour les bahdes de calfeutrement des portes 
et des fenirtres. L'esperance de duree de service de ces 
caoutchoucs synthetiques peut atteindre dix ans. 

idanchbitb B I'air 

Pour la determination des fuites d'air, on a eu 
recours a !a (< methode de la boite de maintien de la 
pression n. technique conque dans les annees 60 a la 
Division de technologie de la construction de 
I'lnstitut royal de technologie. 

Une boite de mesure a ete montee son cBte ouvert 
tourne vers la construction a etudier. La jonction 
entre la boite de mesure et la construction a ere 
rendue parfaitement etanche. Une boite de protec- 
tion a ete placee de maniere a entourer la boite de 
mesure. Des ventilateurs ont ete utilises pour 
engendrer une depression ou une pression d'une 
certaine importance entre les deux boites, de sorte 
qu'il n'y avait pas de differences depression entre les 
deux boites ni, en principe, aucun deplacement d'air. 
Tout I'air qui etait envoye dans la boite de mesure ou 
qui en etait extrait (a travers un compteur a gaz) 
s'ecoulait par les points ma1 etanches de la construc- 
tion etudiee (fig. 3). 

L'exactitude de la methode apparait comme satisfai- 
sante. 

Les fuites d'air a travers les bandes de calfeutrement 
des fenirtres (fig. 4) ont ete determinees pour des 
depressions et des pressions pouvant atteindre 600 
Pa. Vingt-deux bandes de calfeutrement ont ete 
etudiees sur la fenirtre d'essai, dont 7  tubulaires, six a 
section en V, trois etirees, trois en mousse et trois en 
fibres. Les fuites d'air les plus faibles ont ete 
constatees avec les bandes a section tubulaire ou en 

Figure 4 

I17ve.stigariot7s curried o~rt on neu. iriple-glazed 
wit7dow. .size 1171 x 1.2171: the ~tierrtl i~crlile o f  the gcrp 
\i.idth is 3 tnrn 

Recherclies efSecturcs siir de.s.~erierres 1felrve.s a triple 
vitrage, de I 0 7  x 1.2 177 : la grut~de~rr t~iojetlt7e dir 
.feu entre va17tail et o7cadrotiet71 err cle 3 ~ t i m  

V (la figure 5 donne les valeurs qui ont ere ainsi 
determinees et, afin de pouvoir faire des comparai- 
sons, la courbe montrant les fuites maximales 
admissibles selon le SBN 7 5 ) .  

- En moyenne. les bandes tubulaires les plus 
grosses (h = 8 mm) procurent une meilleure 
etancheite que les plus petites (h = 5-6  mm). 

- Les hauteurs des bandes a section en V etaient 
comprises entre 6 et 9 mm. I I  n'est pas possible 
d'indiquer une mei l le~~re  hauteur, en raison de la 
dispersion des lectures. 

- Une bande de mousse de h = 4 mm a pu 
egalement donner une etancheite satisfaisante. 
Dans la plupart des cas, les types de bandes plus 
anciens tels que ceux en mousse et en fibres n'ont 
pu satisfaire aux exigences. 

Une pose tres soigneuse, specialement aux angles, est 
essentielle pour obtenir une etancheite satisfaisante. 
Ce sont, a notre avis, les bandes tubulaires qui 
permettent le plus facilement d'obtenir ce resultat. 

Porles 

Les fuites d'air a travers les bandes de calfeutrement 
des portes ont ete determinees pour des depressions 
pouvant atteindre 300 Pa. 
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m 3 / m 2  h a i r  ~ n f i l t r s t i a n  . " 
r SBN 75 

In determining the leakage of air, the 'guarded 
pressure box method'. a technique devised in the 60s 
at the Division of Building Technology. Royal 
Institute of Technology. Stockholm. was used. 

A measuring box was mounted with its open side 
towards the construction under investigation. The 
junction between the box and the construction was 
sealed very thoroughly. 

A guard box was placed outside the measuring box. 
Fans were used to generate a negative or positive 
pressure of the same magnitude in both boxes, with 
the result that there was no difference in pressure 
between the measuring box and guard box, and 
theoretically there was no movement of air between 
the boxes. All the air which was forced into the 
measuring box or was drawn out of this (via a gas 
meter) leaked through improperly sealed points in 
the investigated construction (fig. 3). 

The accuracy of this method appears satisfactory. 

Windows 

The leakage of air through weatherstrips in windows 
(fig. 4) was determined for negative and positive 
pressures of up to 600 Pa. Twenty-two weather- 
strips were studied in the test window, namely seven 
tubular strips, six angle strips, three expanded strips. 
three foam strips and three fibre strips. The 
smallest air leaks occurred through strips of tubular 
or angular profile (the values determined are shown 
in figure 5. For purposes of comparison, the curve 
showing the highest permissible air leakage accor- 
ding to SBN 75 is also shown). 
- On average, the larger tubular strips (h = 8 mm) 

provided a better seal than the smaller ones 
(h = 5 - 6 mm). 

- The heights of the angle strips were between 6 
and 9 mm. Owing to the scatter in the readings. 
a best height cannot be indicated. 

- One foam strip of h = 4 mm could also provide 
a satisfactory seal. In most cases, older types of 
strips, such as foam and fibre strips, did not meet 
the specified requirements. 

Careful mounting. especially in the corners, is 
essential in order that a satisfactory seal should be 
obtained. Our opinion is that this is achieved most 
easily when tubular strips are used. 

Doors 

The leakage of air through weatherstrips in doors 
was determined at negative pressures of up to 
300 Pa. 

In new external doors of wood, angle or tubular 
strips of synthetic rubber o r  pvc were exclusively 
used between the door leaf and frame. The width 
of gap is normally between 4 and 8 mm. 

17 weatherstrips were studied in the test door. I I 
tubular strips. 5 angle strips, and I D-strip. They 
were made of EPDM. chloroprene rubber. silicone 
rubber and plasticised pvc. 

0 100 200 300 100 500 600 Pa 
P r e s s u r e  d i f f e r e n c e  

Figure 5 D i f f e r e n c e  de p r e s s i o n  

Resulls of window weatherstripping a = lubular 
slrip, b = angle s~rips,' c = expanded slrips and 
d = foam and fibre strips 

Resultats du calfeu~rement d'une fenetre a = bande 
tubulaire ; b = bande a seclion en V ;  c = bandes 
expansees et d = bandes de mousse et de fibres 

The strips could be assigned to 10 groups in which 
the values of air leakage and closing force were 
similar. 

The strips were mounted in a saw cut in the frame. 

Performance ranges 

Since most weatherstrips provide a better seal the 
more they are compressed, it is possible for even 
inferior strips to satisfy stringent air-tightness requi- 
rements, provided they are suficiently compressed. 
However, a large compression necessitates a high 
closing force, and for this reason a weatherstrip must 
be capable of providing a good seal even when only 
moderately compressed. 

In order that the performance ranges of the strips 
may be ascertained, the leakage of air and the closing 
force were therefore determined for four gap widths 
between 4.5 and 8.5 mm. The closing force was  
determined by suspending weights from a line which 
was attached to the door handle and run over a 
pulley. The door was opened 200 mm and 
released (fig. 6). The load was increased in steps of 
5 N until the door lock engaged. For purposes of 
comparison. the closing force was also determined 
by two other methods. 

In figs 7-10, the air leakage and closing force are 
plotted as a function of the gap width for 4 of the I0 
groups of strips (4S.8 and 9) .  The dashed curve 
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C l o s i n g  f o r c e  
E f f o r t  d e  f e t - m e t u r e  

To deter~iii~le closii~g forces, 11ie door  us opriled 
200 117111 and releusrd 

Dans des portes exterieures neuves en bois, des 
bandes en caoutchouc synthetique ou en PVC a 
section en V ou tubulaires ont ete utilisees exclusive- 
ment entre le battant de la porte et le chlssis. La 
largeur du jeu est normalement comprise entre 4 et 8 
mm. 

17 bandes de calfeutrement ont ete etudiees sur la 
porte d'essai, dont onze tubulaires. 5 a section en V et 
une bande D. Elles etaient soit en EPDM, soit en 
chloroprene, soit en caoutchouc aux silicones, soit en 
PVC plastifie. 

Les bandes ont pu Ctre classees en I0 groupes dans 
lesquels les valeurs des fuites d'air et de la force de 
fermeture etaient les mimes. Ces bandes etaient 
posees dans une gorge decoupee dans le chbsis.  

Plages de performance 

i t a n t  donne que de nombreuses bandes de calfeutre- 
ment assurent une etancheite d'autant meilleure 
qu'elles sont plus comprimees. il est possible de 
satisfaire a des exigences rigoureuses d'etancheite a 
I'air mime avec des bandes de qualite inferieure, a 
condition qu'elles soient suffisamment comprimees. 
Cependant une compression elevee exige une force 
de fermeture elevee, et, pour cette raison, une bande 
de calfeutrement doit pouvoir assursr une bonne 
etancheite. mime avec une compression moderee. 

Afin de pouvoir s'assurer des plages de performance 
des bandes. les fuites d'air et I'effort de fermeture ont 
ete determines pour quatre largeurs de jeux entre 4.5 
et 8.5 mm. L'effort de fermeture a ete determine en 
suspendant des poids a une corde fixee a la poignee 
de la porte et passant sur une poulie. La porte a ete 
ouverte de 20 cm puis rellchee (fig. 6 ) .  Des charges 
de 5 N ont ete ajoutees successivement jusqu'a ce que 
le pene de la serrure s'enclanche. A des fins de 
comparaison, I'effort de fermeture a ete determine 
egalement par deux autres methodes. 

Dans les figures 7 a 10. les fuites d'air et les efforts de 
fermeture sont portes en graphique en fonction de la 

Checking rhe ability o f  a lia~~rlicupped perso11 to 
operate a weatherstripped door 

Verificatioti de lbprir~ide d'lrlle perso~i~le hu~ldicapk 
a ma~ia.~[vrer u11e porte c a l f e ~ ~ ~ r i e  

largeur du jeu pour 4 des I0 groupes de bandes (4 .5 .  
8 et 9) .  La courbe en pointille indique les fuites d'air a 
50 Pa. et la courbe en traits mixtes celles a 300 Pa. La 
courbe en trait plein indique I'effort necessaire pour 
fermer la porte. 

La ligne horizontale en trait plein des graphiques 
represente la limite superieure des fuites maximales 
admissibles selon le SBN 7 5 .  lorsque la force de 
fermeture est de 25 N (25 N est considere comme la 
force maximale admissible pour les personnes 
handicapees et les personnes lgees. Les courbes se 
trouvant au-dessous de cette ligne, les bandes 
satisfont donc a la prescription d'etancheite a I'air 
tout en ayant une force de fermeture faible. 

La ligne horizontale pointillee represente la limite 
pour un effort de fermeture de 35 N .  L'augmentation 
de la gamme de performance d'une bande. 
lorsqu'une force de fermeture plus elevee est 
autorisee, peut Ctre determinee a I'aide de cette ligne 
limite. Les figures 7  et 8 montrent les courbes 
determinees pour les bandes tubulaires de 10 mm 
etudiees qui constituent les groupes 4 et 5 .  L'epais- 
seur de paroi de la bande est moindre dans le groupe 
4 que dans le groupe 5 .  Les deux groupes son1 tres 
etanches a I'air sur la plus grande partie des largeurs 
de jeux etudiees. Les recherches ont montre. 
toutefois. que la bande dont I'epaisseur de materiau 
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m3/m2 a i r  
i n f i l t r a t i o n  a t  

m3/m2 d ' i n f i l t r a t i o n  
d ' a i r  a 

300 5 0  Pa 

C l o s i n g  f o r c e  N 
E f f o r t  de f e rme .  

t u r e  N 

Gap w i d t h ,  mm 
L a r g e u r  du " j e u "  (m) 

Figure 7 

Closing force (srraighr line), air  infilrrarion at 50 Pa 
(broken line) and ar 300 Pa (dot-dash line). F ig  7 
shows resulrs for rubular srrip h = 10 mm. 
r = 0.8 mm 

Infilrrarions d'air  en foncrion de I'ejforr de fermerrrre 
(ligne conrimre) a 50 Pa (ligne en poinrilles) el a 300 
Pa (ligne mixre). L a  f igure 7 monrre les resulrars pour 
une bande mixre tubulaire de h = 10 mm, r = 
0,8 mm 

indicates air leakage at 50 Pa and the chain-line 
curve that at 300 Pa. The full curve indicates the 
force needed to close the door. 

The horizontal full line in the diagrams is the upper 
boundary where air leakage is the highest value 
permitted in SBN 7 5 ,  and where the closing force is 
25 N (25 N is considered to be the highest acceptable 
closing force with regard to handicapped and old 
people). Since the curves are situated below this 
line, the strips satisfy the specified air-tightness 
requirement and also have a low closing force. 

The horizontal dashed line is the boundary for a 
closing force of 35 N. The rise in the performance 
range of a strip. when a higher closing force is 
permitted, can be determined with the aid of this 
boundary line. 

Figure 7 and 8 show the curves determined for the 
investigated 10 mm tubular strips which make up 
Groups 4 and 5 .  The wall thickness of the strip in 
Group 4 is less than that in Group 5. Both groups 
were very air-tight over the greater part of the 
investigated gap width interval. The investigations 
showed, however, that the strip with a larger 
material thickness needed a considerably higher 
closing force than that with a smaller material 
thickness. 

Figure 9 shows curves for the D-strip (group 8). 
Owing to its small wall thickness, the strip l~eeded 

m3/m2 a i r  
i n f i l t r a t i o n  a t  

m3/m2 d ' i n f i l t r a t i o n  
d ' a i r  d 

C l o s i n g  f o r c e  N 
E f f o r t  de f e rme-  

- 4 . 5 5  6 7 8 9 
Gap w i d t h ,  rnm 
L a r g e u r  du " j e u "  (mm) 

Figure 8 

Results ,for rubular srrip h = 10 mm, r = 0.95 

R C ~ I I I I ~ I I S  pour ri! ir bu i~de rrrbuiaire de 17 = 10 I I I I I I .  

r = 0,95 mrn 

a fairly low closing force. This strip had a large 
performance range as it was also relatively air-tight. 
Owing to the small wall thickness, the compliance of 
this strip with the air-tightness requirement was 
somewhat inferior at 300 Pa to that at 50 Pa. 

Curves for angle strips of I 1 - 1  2 mm depth (group 9) 
are shown in figure 10. The angle strips had a 
large performance range. They had a relatively 
low closing force, but leakage of air was higher than 
in the case of tubular strips. 

The performance ranges of all the ten groups are set 
out in figure I I .  At an upper limit of 25 N for the 
acceptable closing force (for handicapped and elderly 
people), the best strips had a performance range of 
just over 3 mm. These were tubular strips of small 
wall thickness, and angle strips. With regard to 
tubular strips. the conclusion that could be drawn 
was that a smaller wall thickness gave rise to a lower 
closing force, but did not cause an increase in air 
leakage. However. air-tightness at high pressures 
had a tendency to deteriorate for very small wall 
thicknesses. A wall thickness suitable both from 
the air-tightness and closing force aspects appears to 
be about 0.7 mm. 

If a higher closing force of 35 N can be accepted, all 
strips have a larger performance range, and a smaller 
gap width can be permitted. The greater the 
original depth of the strip, the greater the increase in 
its performance range. Tubular strips of small wall 
thickness, and large angle strips, have the greatest 
increase in performance range. 

In relation to their original depth. the percentage 
compression of the strips at the upper and lower 
boundaries of the performance range was the same 
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In order to determine the effect due to seallng the 
doors and wlndows, the old weatherstrlps In 
wlndows were replaced by tuhular strlps The 
front doors were prov~ded w ~ t h  an angle strlp 

The rate of alr change In the bu~ldlng was measured 
by two different methods, both before and after 
~nstallat~on of the weatherstr~ps The natural 
ventllatlon In nlne dwellings was determined by 

achlhr 
means of the tracer gas method Installat~on of the 

r a ih new weatherstrlps had the effect that there was a 

" 7 -  - -  - - 

-- - ----- mean reduct~on In the alr change rate from 0 9 to 0 5 
1 per hour (fig 12) 

n 1 In absolute terms, the greatest reduction occured, not 

3 2 5 1 8 9 1 7 6 Mean value 
Number of flats/ Nombre d e  logements Valeur moyenne 

Before installation o f  new weatherstrips 
Avant installation d e  bandes de calfeutrement neuve,, 

After . ,, . -,,. .,,. . , - 
Aprer 

Figure 12 

Ventilation rate before and afrer it~stall ing neu' 
weatherstrips lo windows anddoors of a block off7ats. 
The air change was reduced by 0.4 ach lhr  

Taux de ventilation avant et apres la pose de 
garnitures de ca[feutretnent neuves aux .fenetres et 
aux porres d ' un  inlmeuble. Le  renouvellemei~r de l 'u ir  
a ete reduir de 0,4 r .a. iheure 

If a closing force less than 25 N is to be obtained. 
tubular strips of small wall thickness should not be 
compressed to less than 60 per cent of the depth. 
However, they must be compressed to at least 80 per 
cent of the depth in order that the air-tightness 
should be sufficient. Angle strips should be 
compressed to 50-70 per cent, while the correspon- 
ding values for D strips are 55-80 per cent. 

Since the performance range of a weatherstrip is 
situated within certain percentage values of the 
compression, the range will be the wider the greater 
the depth of the strip. It is therefore best to give 
doors a large gap width and to select a weatherstrip 
of large depth. 

For the optimum value of the gap width, the best 
tubular strips had an air leakage only about one third 
of that of the best angle strips. Any future increase 
in the stringency of air-tightness requirements will 
therefore be satisfied more easily if tubular strips of 
good quality are used. 

Practical application 

Investigations of the performance of weatherstrips 
were performed at the same time in old properties 
with natural ventilation, on the basis of these results. 

surprisingly. in dwellings which had a large air 
change rate prior to treatment. After installation of 
the weatherstrips, air change rates in the different 
dwellings were similar. 

Four dwellings were subjected to a test pressure of 
50 Pa. Pressure testing showed that the points of 
leakage were mainly situated near the windows. 
When the new weather-strips had been installed, the 
leakage of air during pressure testing dropped from 
2.3 to 1.3 air changes per hour. 

The buildings now have an air-tightness of the same 
order of magnitude as that specified for new 
buildings. 

It may be mentioned as an example of the economic 
results of the energy saving that the internal rate of 
return was 25 per cent (assumed semice of life of 10 
years) and the break-even period five years (at a 
discount rate of 10 per cent). The measure thus 
has a good profitability. 

Conclusion 

Weatherstrips for windows and doors were studied 
by full-scale tests with regard to air-tightness, closing 
force and ageing properties. 

Tubular strips provided the highest degree of air- 
tightness in both windows and doors, while angle 
strips were only slightly inferior in performance. 
The leakage of air was found to be considerably 
greater for strips of expanded and foam plastics and 
fibre strips. For tubular strips of small material 
thickness and for angle strips, the closing force in 
doors was low. A door which is to be closed easily 
- as for the handicapped and the elderly - should 
therefore have these types of weatherstrip. 

The ageing properties of the strip materials were 
studied by applying heat. The results indicated 
that the synthetic rubbers, silicone rubber. EPDM 
and chloroprene rubber, in that order. are the most 
suitable. 

Investigations in the field showed, inter alia., that in a 
block of flats with natural ventilation, the air change 
rate could be cut. on average. from 0.9 to 0.5 air 
changes per hour. Both the energy consemation 
effect and the profitability of the measure were very 
satisfactory. 
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a section en V qui presentent la plus grande 
augmentation de leur gamme de performance. 

Par rapport a leur epaisseur originale, le pourcentage 
de compression des bandes a ete le menle aux limites 
superieure et inferieure de la gamme de perfor- 
mance. Si I'on doit obtenir un effort de fermeture 
inferieur a 25 N, les bandes tubulaires de faible 
epaisseur de paroi ne doivent pas itre comprimees a 
moins de 60 % de leur epaisseur. Mais afin d'obtenir 
une etancheite a l'air suffisante, elles doivent I'btre a 
80 %j au moins de cette epaisseur. Les bandes a 
section en V doivent itre comprimees a 50-70 96. et 
les bandes D a 55-80 % .  

Puisque la gamme de performance d'une bande de 
calfeutrement se situe entre certaines valeurs de 
pourcentage de la compression, la gamme sera 
d'autant plus grande que l'epaisseur de la bande sera 
plus grande. II est donc recommande de donner un 
jeu assez large aux portes et de choisir une bande de 
calfeutrement de grande epaisseur. Pour la valeur 
optimale de la largeur du jeu, les meilleures bandes 
tubulaires ont eu des fuites d'air d'environ un tiers 
seulement de celles des bandes a section en V les 
meilleures. Si les prescriptions d'etancheite a l'air 
doivent devenir plus rigoureuses a I'avenir, les 
bandes tubulaires de bonne qualite permettront plus 
aisement d'y satisfaire. 

Application pratique 

Des recherches sur le comportement des bandes de 
calfeutrement ont ete effectuees simultanement, dans 
des bltiments anciens avec ventilation naturelle, sur 
la base de ces resultats. Afin de determiner l'effet de 
l'etancheite des portes et des fenktres, les vieilles 
bandes de calfeutrement des fenhres ont ete rempla- 
cees par des bandes tubulaires alors que les portes de 
favade etaient equipees de bandes a section en V. 

Le taux de renouvellement de I'air dans les bltiments 
a ete mesure par deux methodes differentes, avant et 
apres la pose des bandes de calfeutrement. La 
ventilation naturelle a ete determinee dans neuf 
logements au moyen de traceurs. L'installation de 
nouvelles bandes de calfeutrement a eu pour effet 
une reduction moyenne du taux de renouvellement 
de I'air de 0.9 a 0,s par heure (fig. 12). 

En termes absolus, la plus grande diminution est 
apparue, ce qui n'est pas surprenant dans les 
logements oli le renouvellement de l'air etait impor- 
tant avant l'intervention. Apres la pose des bandes de 
calfeutrement, les taux de renouvellement de I'air ont 
ete les mbmes dans les differents logements. 

Quatre logements ont ete soumis a une pression 
d'essai de 50 Pa. L'essai de pression a montre que les 
points de fuites etaient surtout situes pres des 
fenirtres. Une fois les nouvelles bandes de calfeutre- 
ment posees, les fuites d'air au cours des essais de 
pression ont diminue de 2.3 a 1.3 renouvellements 
d'air par heure. 

Les bltiments ont maintenant une etancheitd a I'air 
du mime ordre de grandeur que celle prescrite pour 
les bitiments neufs. 

Pour illustrer les resultats economiques des econo- 
mies d'energie, il convient de mentionner que le taux 
interne de rendement a ete de 25 % (en tablant sur 
une duree de service de 10 ans) et le seuil de 
rentabilite de cinq ans (a.un taux d'interet de dix % ). 
La mesure est donc Ires interessante. 

Conclusion 

Des bandes de calfeutrement destinies aux portes et 
aux fenitres ont ete etudiees par des essais en vraie 
grandeur portant sur I'etancheite a I'air. I'effort de 
fermeture et le vieillissement. Ce sont les bandes 
tubulaires qui ont eu les meilleurs resultats, les 
bandes a section en V ayant des performances tres 
legerement inferieures. Les fuites d'air ont ete 
largement plus importantes avec des bandes de 
plastique expansees et de mousse de plastique et avec 
des bandes de fibres. Pour les bandes tubulaires de 
faible epaisseur et pour les bandes a section en V, 
I'effort necessaire pour fermer les portes a ete faible. 
I1 faut donc les utiliser pour les portes dont la 
fermeture doit &re facile - par exemple pour les 
personnes handicapees et pour les personnes i g k s .  

Les proprietes de vieillissement des materiaux des 
bandes ont ete etudiees en les chauffant. Les resultats 
ont montre que les materiaux les plus interessants 
etaient, dans I'ordre, les caoutchoucs synthetiques, le 
caoutchouc aux silicones, I'EPDM et le caoutchouc 
chloroprene. 

Des enquetes in situ ont montre, entre autres, que 
dans un immeuble avec ventilation naturelle, le taux 
de renouvellement de I'air pouvait &re reduit de 0.9 a 
0,5 par heure. Cette mesure est donc tres interessante 
en matiere d'economie d'energie et de rentabilite. 

H f f i ~ u ~ o .  I ,  and WANCGREN. B. 1979. Studies of the 
performance of weatherstrips for windows and doors (in 
Swedish). (National Swedish Council for Building 
Research). T7 : 1979. Stockholm. 
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Discussion 

J. Cunningham, UNECE, Geneva, Switzerland: 

Two questions with respect to the tests of ageing 
resistance of weatherstrips: 

Were the tests conducted in service conditions, or 
by laboratory techniques such as exposure panels? 

You related effictive life primarily to materials. 
For weatherstrips of the same material, have you 
observed any significant differences in ageing resis- 
tance of different profiles? 

Hoglund & Winggren: 

The test of ageing resistance were conducted in the 
laboratory. 

To  speed up the ageing the examined strips were 
stored in heat. In one test the strips were mounted on 
panels and compressed to about 50 % of their 
height. In another test the strips were also mounted 
on panels but stretched 5, 10 and 20 % We did not 
observe any significant differences between the 
profiles. 

It is important to state that even strips of the same 
material but made by different companies can differ 
in ageing resistance. 

J. B. Siviour, Electricity Council Research Centre, 
Capenhurst, England: 

I would like to ask three questions, first did your 
ageing tests consider whether the weatherstripping 
would be painted, second would they be removed 
during the painting process, and third what is the 
tolerance of the weatherstripping to warping. 

Hbglund & Winggren: 

The weatherstrips made of silicone-rubber can be 
painted over. 

The normal procedure is however to take away the 
old weatherstrip, paint the window and then put up 

new strips. The strips are, compared with the 
painting-work, very cheap. 

The tolerance to warping was determined for 
doors. The doorleaf were bent, like a bow, on  the 
look side. For big (10-12 mm) tubular strips with 
thin walls and big (12-14 mm) angle strips the 
doorleaf could be bent 2-3 mm before the air 
leakage was too big. (According to the Swedish 
Code of Practice, SBN 75.) 

John Greenland, NSW Institute of Technology, 
Sydney, Australia: 

Sealing of doors and windows for the prevention of 
air infiltration and exfiltration can, if taken a little 
further, achieve acoustical insulation. Have you 
compared the standards required for each of these 
functions of door and window sealing in order to 
ensure that both benefits are achieved? 

Hoglund & WBnggren: 

The paper presented at the CIB-Symposium does 
not cover this aspect. The link between acoustical 
insulation and airtightness is however fairly well 
known in Sweden. 

An example: A door which meets the require- 
ments of acoustical insulation is thereby also regar- 
ded as sufficiently airtight. (According to the Swe- 
dish Code of Practice, SBN 75.) 

David T. Harrje, Princeton University, Princeton, 
USA: 

One strip available in the USA that was not tested 
was the closed cell plastic; however, the best types, 
the tubular rubber and angular rubber are not 
available to my knowledge. Could you please 
comment on availability on world basis of the seals 
tested? 



Hoglund & Winggren: Hoglund & Winggren: 

The question was passed on to one of the manufac- 
turers of weatherstrips in Sweden. 

The availability on world basis is good and in 
Sweden there is a small overcapacity. The machinery 
to make the strips is, however, common all over the 
world. 

Michael Finbow, National Building Agency, London, 
England: 

The question regarding weatherstripping of old 
windows is very difficult to answer in a general way. 
One of the reasons is that there are so many types of 
old windows and another one is that the old windows 
are aged and often warped. The best way to guide 
you here is to say that you should choose a tubular 
strip twice as thick as your width of gap. 

The strips can be mounted by stapling, by a 
selfadhesive tape or in a groove specially made for 
this purpose. The best way to mount the strips on a -   we dish standard inward bpening window iishown 

Which of the seals are effective in sealing existing in the figure, 
windows and what is involved in fitting them to the 
window? r - l  n 

In which positions are the strips located in the 
frame (is the position different depending on which 
part of the frame is considered, i.e. hinged side or 
fastening side, head or sill)? 
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