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A t  t h e  Department o f  B u i l d i n g  Sc ience,  t h e  Lund I n s t i t u t e  o f  Technology,  

a r e s e a r c h  p r o j e c t  i s  i n  p r o g r e s s  e n t i t l e d  "The s a v i n g  o f  ene rgy  i n  

e x i s t i n g  b l o c k s  o f  f l a t s  by  means o f  b u i l d i n g  t e c h n o l o g y  measures".  The 

p r o j e c t  i s  sponsored by  t h e  N a t i o n a l  Swedish C o u n c i l  f o r  B u i l d i n g  Re- 

sea rch  and cove rs  t h e  p e r i o d  f r o m  1975.07-01 t o  1977-12.31. 

The p r o j e c t  concerns  b l o c k s  o f  f l a t s  b u i l t  d u r i n g  t h e  p e r i o d  between 

1860 and u n t i l  approx .  1960. Surveys have been c o n c e n t r a t e d  on t h r e e  

d i f f e r e n t  towns i n  Sweden - Malmo ( l a r g e  c i t y ) ,  E k s j o  ( a  town o f  t i m b e r  

houses) and Gav le  ( a  town i n  t h e  n o r t h e r n  h a l f  o f  Sweden). 

A p a r t  o f  t h e  p r o j e c t  i n c l u d e s  t h e  measurement o f  v e n t i l a t i o n  o r  a i r  

change i n  f l a t s  as w e l l  as t h e  measurement o f  t h e  amount o f  f reedom f r o m  

d r a u g b t s  o f  windows. The r e s u l t s  o f  t h e s e  measuremqnts r a e  p r e s e n t e d  be- 

low.  I n  a d d i t i o n  a b r i e f  d e s c r i p t i o n  i s  g i v e n  o f  t h e  d r a u g h t - p r o o f i n g  o f  

w i  n;iows. 

Measurements o f  a i r  chanse - v e n t i l a t i o n  i n  f l a t s  

The a i r  change o f  a f l a t  d e s c r i b e s  t h e  number o f  t i m e s  t h e  i n d o o r  volume 

o f  a i r  i s  r e p l a c e d  b y  a i r  f r o m  o u t s i d e  p e r  u n i t  o f  t i m e .  

A i r  change i s  measured a c c o r d i n g  t o  t h e  t r a c e  gas method. T h i s  e n t a i l s  

t h e  i n t r o d u c t i o n  i n t o  t h e  a i r  i n  t h e  rooms o f  a c e r t a i n  measurab le  quan- 

t i t y  o f  a known gas. A f t e r  t h e  gas has become w e l l - m i x e d  w i t h  t h e  volume 

of a i r  i n  a room t h e  a s s o c i a t e d  v a l u e s  o f  t h e  c o n c e n t r a t i o n  o f  gas and 

t h e  t i m e  p e r i o d  i n v o l v e d  a r e  t h e n  measured. The g r e a t e r  t h e  a i r  change, 

t h e  more r a p i d  i s '  t h e  r e d u c t i o n  i n  t h e  c o n c e n t r a t i o n  of t h e  gas.  

A i r  change can be c a l c u l a t e d  a c c o r d i n g  t o  b a l a n c e  o f  mass t r a n s f e r  wh ich  

s t a t e s  t h a t  a l t e r a t i o n s  t o  t h e  volume o f  t r a c e  gas i n  a room i s  equa l  t o  



t h a t  volume of gas wh ich  i s  removed i n  t h e  a i r  t h a t  i s  e x t r a c t e d .  

I f  t h e  c o n c e n t r a t i o n  o f  t r a c e  gas i s  c  a t  t i m e  t and c-dc a t  t i m e  t t d t ,  

t h e n  t h e  f o l l o w i n g  p e r t a i n s  on t h e  assumpt ion  t h a t  t r a c e  gas i s  n o t  n o r -  

mal l y  p r e s e n t  i n  t h e  a i r  

where V = t h e  volume o f  t h e  room 

n  = t h e  a i r  change 

T h i s  r e s u l t s  i n  

Boundary c o n d i t i o n s  c  = c. where t=O g i v e s  a f t e r  i n t e g r a t i o n  

A t  p o i n t s  i n  t i m e  tl and t2 measurements a r e  made, and t h e  c o n c e n t r a t i o n s  

of gas a r e  c, and c 2  r e s p e c t i v e l y .  The above e q u a t i o n  t h e n  g i v e s  

1  C 0 1  C 0 n  = - I n  - and n  = - I n  - r e s p e c t i v e l y .  
t l  t 2  C2 

T h i s  can be s i m p l i f i e d  as 

A gas a n a l y s e r  o f  t h e  URAS 7N t y p e  was used f o r  t h e  measurements. T h i s  

measures t h e  c o n c e n t r a t i o n  o f  a  gas a c c o r d i n g  t o  t h e  p r i n c i p l e  o f  t h e  

a b s o r p t i o n  o f  i n f r a r e d  r a d i a t i o n  b y  t h e  gas.  P l a s t i c  hoses a r e  e v e n l y  

d i s t r i b u t e d  i n  t h e  f l a t  and t h e s e  a r e  connec ted  t o  t h e  i n l e t  v a l v e  o f  

t h e  gas a n a l y s e r ,  I n  t h i s  way t h e  mean v a l u e  o f  t h e  c o n c e n t r a t i o n  o f  gas 

i n  t h e  f l a t  can be o b t a i n e d .  When measurements were c a r r i e d  o u t  i n  Malmo 

t h e  gas a n a l y s e r  was connec ted  t o  a d i g i t a l  v o l t m e t e r  w h i c h  r e c o r d e d  t h e  



o u t p u t  s ignals  of the analyser in d ig i t a l  form. For the measurements in 

Eksjo and Gavle, the analyser was linked to an XY-wt.iter giving a  con- 

tinuous record of the output s igna l s .  

Laughing gas (N20) was used as the t race  gas f o r  meal,~irements. Since the 

a i r  change has been studied fo r  a  number of d i f f e r en t  cases ,  the to ta l  

length of time during which measurements were carr ied  out was consider- 

able.  This has resul ted  in the volume of laughing gas  tha t  was released 

in the f l a t  having a  percentage of 0 . 2  - 0 . 3  by volunie. 

The di f ferences  between indoor and outdoor temperatures, together with 

wind speed, are  of s ignif icance f o r  the amount of ven t i l a t ion  obtained. 

Air change measurements were therefore  carr ied  out during the winter pe- 

r iod .  I n  addi t ion,  days during which there was no w i n d  were avoided. Wind 

speed as well as indoor and outdoor temperatures were recorded on a l l  

occasions when measurements were carr ied  out .  

As has been mentioned previously, a i r  change has been studied in d i f f e -  

r en t  cases from involuntary ven t i l a t ion  t o  an assumed case of normal ven- 

t i l a t i o n .  This has been obtained by f i r s t  draught-proofing a l l  vents and 

outer  doors. By t h i s  means the amount of the leakage of a i r  through non- 

draught-proof gaps in walls and windows was obtained. Afterwards the 

draught-proofing material was removed from the outer  doors, as g r e su l t  

of which the amount of involuntary ven t i l a t ion  o r  i n f i l t r a t i o n  could be 

obtained. The next s tage  involved the  removal of draught-proofing from 

a l l  the vents.  A t  t h i s  s tage the vents in the larders  and bathrooms were 

opened, so t ha t  the assumed normal case was obtained. F ina l ly ,  the e f f e c t  

of the vent above the stove on ven t i l a t ion  was s tudied.  This was opened 

and in t h i s  way a  s i t ua t i on  corresponding to a  normal s i t ua t i on  when 

cooking was obtained. 

I n  r e a l i t y  i t  i s  only the s tudies  of involuntary ven t i l a t ion  t h a t  have 

been ca r r i ed  out in the same way f o r  a l l  the f l a t s .  The other  cases have 

varied to some extent  due to the varying design of the ven t i l a t ion  sys- 

tems in the d i f f e r en t  f l a t s .  

The measurements of a i r  change t ha t  were carr ied  out show tha t  the outer 

door has very l i t t l e  e f f e c t  on ven t i l a t i on ,  whereas thc opening or closing 



o f  v e n t s  i s  o f  impor tance  f o r  v e n t i l a t i o n .  FIG.1 shows t h e  r e s u l t s  f o r  , 

d i f f e r e n t  s i t u a t i o n s  and where n a t u r a l  v e n t i l a t i o n  p r ~ v a i l e d .  The f i g u -  

r e s  i l l u s t r a t e  t h e  assumed normal case as w e l l  as t h ~  i n v o l u n t a r y  ven- 

t i l a t i o n  o r  i n f i l t r a t i o n .  I n  cases where t h e  v e n t  above t h e  s t o v e  was 

open, t h i s  i n c r e a s e d  v e n t i l a t i o n  b y  an average o f  0.2;' a i r  changes p e r  

hou r ,  t h e s e  v a l u e s  v a r y i n g  between 0.02 and 0.46 a i r  changes p e r  hou r .  

No g e n e r a l  c o n c l u s i o n s  can be drawn f r o m  t h e  f i g u r e .  The a i r  chagne va- 

r i e s  c o n s i d e r a b l y  f o r  t h e  d i f f e r e n t  b u i l d i n g s  t h a t  were s t u d i e d ,  and t h e  

age o f  b u i l d i n g s  does n o t  appear t o  have any d i r e c t  i n f l u e n c e  on t h e  a i r  

change. F o r  a l l  f l a t s ,  i n f i l t r a t i o n  cor responded t o  an average o f  0.28 

a i r  changes p e r  h o u r  and normal  v e n t i l a t i o n  t o  an average o f  0.54 a i r  

changes p e r  hou r .  T h i s  i s  somewhat l o w e r  t h a n  t h a t  accep ted  genera l1 .y .  

The c o n d i t i o n  o f  windows and t h e i r  a b i l i t y  t o  p r e v e n t  d r a u g h t s  a r e  o f  

c o n s i d e r a b l e  impor tance  t o  i n f i l t r a t i o n .  However, i t  i s  i m p o r t a n t  t o  

remember t h a t  t h i s  does n o t  a lways mean t h a t  f l a t s  b u i  l t o n l y  more r e -  

c e n t l y  have low  i n f i l t r a t i o n .  The f i g u r e  shows t h a t  many o f  t h e  o l d e r  

f l a t s  have l o w  i n f i l t r a t i o n  v a l u e s .  F o r  t h e  f l a t s  b u i l t  i n  1887, 1922 

and 1923 t * e s p e c t i v e l y ,  t h e  low v a l u e s  may p o s s i b l y  be due t o  t h e  f a c t  

t h a t  t h e  windows were p r o v i d e d  w i t h  q u i t e  modern d r a u g h t  e x c l u d e r s .  

F o r  two o f  t h e  f l a t s  i n  Malmo t h e  windows were p r o v i d e d  w i t h  new d r a u g h t  

e x c l u d e r s .  Measurements were c a r r i e d  o u t  b o t h  b e f o r e  and a f t e r  t h e s e  

d r a u g h t  e x c l u d e r s  were p u t  i n ,  More measurements o f  t h i s  s o r t  w i l l  be 

made d u r i n g  t h e  coming Autumn, i n  o r d e r  t o  o b t a i n  an i d e a  o f  t h e  way i n  

wh ich  t h e s e  d r a u g h t  e x c l u d e r s  a f f e c t  v e n t i l a t i o n .  

I n  t h e  f i r s t  f l a t ,  wh ich  was b u i l t  i n  1894, t h e r e  were no d r a u g h t  ex-  

c l u d e r s  i n  t h e  windows. B e f o r e  t h e s e  were i n s e r t e d ,  normal  v e n t i l a t i o n  

o f  0.70 a i r  changes p e r  h o u r  and i n f i l t r a t i o n  o f  0.45 a i r  changes p e r  

h o u r  were reco rded .  A f t e r  t h e i r  i n s e r t i o n  t h e  c o r r e s p o n d i n g  v a l u e s  were 

0.31 and 0.1 a i r  changes p e r  hou r .  I n  t h i s  case,  p r o v i d i n g  t h e  windows 

w i t h  d r a u g h t  e x c l u d e r s  reduced v e n t i l a t i o n  c o n s i d e r a b l y ,  wh ich  i s  p r o -  

b a b l y  due t o  t h e  f l a t  o r i g i n a l l y  l a c k i n g  t h e s e  d r a u g h t  e x c l u d e r s .  

I n  t h e  o t h e r  f l a t ,  b u i l t  i n  1919, t h e  windows were p r o v i d e d  w i t h  c l o t h  

d r a u g h t  e x c l u d e r s ,  wh ich  were o l d  an had been p a i n t e d  o v e r  i n  some p l a -  



ces.  B e f o r e  rep lacemen t  of t h e  d r a u g h t  e x c l u d e r s ,  n o r ~ n a l  v e n t i  l a t i o n  o f  

0.40 a i r  changes p e r  hour  and i n f i l t r a t i o n  o f  0 .15 a i r .  changes p e r  hou r  

were r e c o r d e d .  A f t e r  t h e i r  renewal  t h e  c o r r e s p o n d i n g  vL r lues  o f  0 .70 and 

0.19 a i r  changes p e r  h o u r  were r e c o r d e d .  I n  t h i s  c a s r  i t l f i l t r a t i o n  was 

a p p r o x i m a t e l y  s i m i l a r  b o t h  b e f o r e  and a f t e r ,  whereas trorifial v e n t i l a t i o n  

was h i g h e r  a f t e r  t h e  renewal  o f  t h e  o l d  d r a u g h t  e x c l u d e r s .  T h i s  i s  some- 

what  c u r i o u s ,  b u t  i s  p r o b a b l y  due t o  a d j u s t m e n t s  n o t  b e i n g  c a r r i e d  o u t  

t o  t h e  casements and t h e  window f a s t e n e r s .  E n s u r i n g  t h a t  a  window i s  made 

l e s s  d r a u g h t y  does n o t  o n l y  e n t a i l  t h e  rep lacemen t  o f  t h e  o l d  d r a u g h t  ex- 

c l u d e r s  w i t h  new ones, b u t  a l s o  t h e  p r e c i s e  ad jus tmen t  o f  casements and 

window f a s t e n e r s .  

Measur inq  t h e  d r a u q h t - ~ r o o f i n q  o f  windows 

Exper iments  have been c a r r i e d  o u t  w i t h  a  measur ing  " t e n t "  i n  o r d e r  t o  

measure t h e  d r a u g h t - p r o o f i n g  o f  windows. T h i s  t e n t  i s  c o n s t r u c t e d  acco r -  

d i n g  t o  t h e  f o l l o w i n g  p r i n c i p l e s  ( s e e  a l s o  F I G . 2 ) .  A p l a s t i c  t e n t  i s  

f a s t e n e d  t o  t h e  i n d o o r  s i d e  o f  t h e  window. T h i s  must  be c a r r i e d  o u t  v e r y  

c a r e f u l l y  e n s u r i n g  t h a t  t h e  a rea  i s  c o m p l e t e l y  s e a l e d - o f t .  A p r o t e c t i v e  

t e n t  i s  t h e n  a r ranged  around t h e  f i r s t  one. 

W i t h  t h e  a i d  of f a n s ,  an o v e r  o r  u n d e r p r e s s u r e  i s  c r e a t e d  i n  both. t e n t s  

i n  r e l a t i o n  t o  t h e  e x t e r i o r  o f  t h e  window. The p r e s s u r e  i s  r e g u l a t e d  i n  

such a  way t h a t  i t  i s  equa l  i n  b o t h  t e n t s  and t h a t  no a i r  c u r r e n t s  pass 

from one t e n t  t o  t h e  o t h e r .  As a  r e s u l t  o f  t h e  d i f f e r e n c e  i n  p r e s s u r e  be- 

tween t h e  two s i d e s  o f  t h e  window, a i r  w i l l  f l o w  inwards  o r  outwards  

t h r o u g h  c r a c k s  i n  t h e  window. The volume o f  a i r  f l o w i n q  i nwards  o r  o u t -  

wards i s  r e c o r d e d  b y  a  gas me te r  a t t a c h e d  t o  t h e  a i r  p i p e  l e a d i n g  t o  t h e  

i n n e r  t e n t ,  

I n  t h i s  way t h e  amount o f  a i r  l eackage  t h r o u g h  t h e  window, c r e a t e d  by 

v a r i o u s  p r e s s u r e  d i f f e r e n c e s ,  can be de te rm ined .  The volume o f  t h i s  a i r  

l eackage  i s  o b t a i n e d  as a  f u n c t i o n  o f  t h e  p r e s s u r e  d i f f e r e n c e  between 

t h e  i n n e r  t e n t  and t h e  o u t d o o r  s i d e  o f  t h e  window. 

Bo th  t e n t s  a r e  made f r o m  t r a n s p a r e n t  p l a s t i c  s h e e t i n g .  T h i s  a l l o w s  t h e  

o b s e r v a t i o n  o f  t h e  way i n  wh ich  t h e  window and t h e  t e n t  r e a c t  d u r i n g  t h e  



e x p e r i m e n t .  F i r s t ,  t h e  t e n t  i s  a t t a c h e d  t o  a  t u b e  t h r o u g h  w h i c h  a l l  p i p e s  , 

a r e  l e d .  The t e n t  i s  t h e n  f a s t e n e d  t o  t h e  r e v e a l ,  i f  t h i s  i s  s u f f i c i e n t l y  

l a r g e ,  o r  t o  t h e  w a l l  a round t h e  window. C e r t a i n  problems can a r i s e  when 

a t t a c h i n g  t h e  t e n t  i n  t h i s  way i f  t h e r e  i s  a  n i c h e  under  t h e  window f o r  a  

h o t  w a t e r  r a d i a t o r .  No g e n e r a l  s o l u t i o n  can be providt3d f o r  t h i s  prob lem 

wh ich  must  be s o l v e d  f r o m  case t o  case.  

The p r e s s u r e  d i f f e r e n c e  i s  measured w i t h  t h e  a i d  o f  a  s p i r i t  manometer. 

The f l o w  o f  a i r  f r o m  t h e  f a n  t o  t h e  t e n t  i s  r e g u l a t e d  hy t h e  number o f  

r e v o l u t i o n s  o f  t h e  f a n .  Measurements a r e  c a r r i e d  o u t  when t h e  p r e s s u r e  

i n  b o t h  t e n t s  i s  equa l  and when t h e  a i r  f l o w s  a r e  c o n s t a n t .  

F o r  w e l l  d r a u g h t - p r o o f e d  windows, measurements have been c a r r i e d  o u t  

w h i l e  t h e  d i f f e r e n c e  i n  p r e s s u r e  between one s i d e  o f  t h e  window and t h e  

o t h e r  has been g r a d u a l l y  i n c r e a s e d  f r o m  0 t o  app rox .  30 mm vp.  The l a t -  

t e r  v a l u e  cor responds t o  a  w i n d  speed o f  app rox .  22 m / s ,  and t h i s  has 

been r e g a r d e d  as a  r e a s o n a b l e  l i m i t  s i n c e  t h e r e  a r e  few days when i t  

b lows as h a r d  as t h i s  o r  more v i o l e n t l y .  F o r  windows t h a t  a r e  n o t  w e l l  

d r a u g h t - p r o o f e d  i t  i s ,  however, d i f f i c u l t  t o  o b t a i n  such w ide  d i f f e r e n c e s  

i n  p r e s s u r e .  I n  t h i s  case t h e  d i f f e r e n c e  i n  p r e s s u r e  hctween t h e  i n s i d e  

and t h e  o u t s i d e  o f  t h e  window has been g r a d u a l l y  i n c r e a s e d  f r o m  0 up t o  

t h e  v a l u e  t h a t  cor responds t o  an a i r  l eakage  o f  approx .  30 m' p e r  h o u r ,  

When one o r  o t h e r  o f  t h e s e  h i g h e r  va lues  has been o b t a i n e d ,  t h e  p r e s s u r e  

d i f f e r e n c e  i s  t h e n  g r a d u a l l y  reduced t o  0, and t h e n  i n c r e a s e d  a g a i n  t o  

t h e  h i g h e r  v a l u e .  T h i s  means t h a t  t h r e e  c o n s e c u t i v e  s e r i e s  o f  measure- 

ments a r e  o b t a i n e d  f o r  each window. See F I G . 3 .  I t  can be no ted  f o r  a l l  

windows s t u d i e d  t h a t  t h e s e  s e r i e s  o f  measurements a r e  w e l l - g r o u p e d .  

The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  o f  windows a r e  i l l u s t r a t e d  i n  FIG. 

4a-4b. FIG.4a i l l u s t r a t e s  t h e  a i r  l eakage  f r o m  one s i d e  o f  t h e  window t o  

t h e  o t h e r  when t h e r e  i s  o v e r p r e s s u r e  on  t h e  i n s i d e  o f  t h e  window, and 

FIG.4b i l l u s t r a t e s  t h e  a i r  l eakage  when t h e r e  i s  u n d e r p r e s s u r e  on t h e  i n -  

s i d e  o f  t h e  windows. The f i g u r e  shows t h a t  t h e  n i a j o r i  t y  o f  t h e  windows 

a r e  n o t  w e l l  d r a u g h t - p r o o f e d .  On ly  windows 18, 19 and 20 a r e  d r a u g h t -  

p r o o f e d  t o  an a c c e p t a b l e  l e v e l .  I t  s h o u l d  be p o i n t e d  o u t  t h a t  windows 

19 and 20 a r e  v e r y  o l d  and d r a u g h t - p r o o f e d  i n  t h e  o l d - f a s h i o n e d  manner 

u s i n g  a d h e s i v e  t a p e  t o  c o v e r  t h e  i n s i d e  gap between t h e  casement and t h e  



w i  ndow f rame.  

Acco rd ing  t o  new s tandards  (Swedish Bu i  l d i  ng Code, 1 9 7 5 ,  SBN-75, 

Suppl ement 1  , "The c o n s e r v a t i o n  o f  ene rgy ,  e t c . .  " )  t h e  leakage o f  a i r  
3  2  t h r o u g h  windows s h o u l d  n o t  exceed 1 .7  m /m p e r  h o u r  w i t  t l  a  p r e s s u r e  

d i f f e r e n c e  o f  50 Pa ( 5  mm v p ) .  Among t h e  windows examined, nos.19 and 

20 meet t h i s  r e q u i r e m e n t .  The o t h e r  windows a r e  we1 l above t h i s  l e v e l .  

Comparing t h e  cu rves  f o r  a i r  leakage f o r  d i f f e r e n t  t y p e s  o f  window, when 

o v e r -  o r  u n d e r p r e s s u r e  o c c u r s ,  has shown t h e  f o l  l o w i  nq.  F o r  i nward-openi  ng 

l i n k e d  casements, t h e  leakage o f  a i r  i n c r e a s e s  by  abo(i1, 12% when under -  

p r e s s u r e  o c c u r s  on t h e  i n s i d e  o f  t h e  window, t h e  v a l u e s  v a r y i n g  between 

3% and 25%. F o r  outward-open ing l i n k e d  casements t h e  l eakage  o f  a i r  i s  

reduced by  abou t  13% when underp ressu re  occu rs  on t h e  i n s i d e  o f  t h e  w in -  

dows, t h e  va lues  v a r y i n g  between 0% t o  30%. 

The r e l a t i o n s h i p  between t h e  degree o f  f reedom f r o m  d r a u g h t s  o f  t h e  w in -  

dows and t h e  v e n t i l a t i o n  o f  t h e  f l a t s  i s  t o  be s t u d i e d  f o r  a l l  t h e  cases 

i n v e s t i g a t e d  so f a r .  

F i e l d  measurements have been c a r r i e d  o u t  on  two windows b e f o r e  and a f t e r  

t h e  renewal  o f  t h e  d r a u g h t  e x c l u d e r s  between t h e  window frame and t h e  

casement. The f i r s t  window (1922)  had inward -open ing  l i n k e d  casemcnt and 

had t h e  e a r l i e r  t y p e  o f  d r a u g h t  e x c l u d e r  made f r o m  c l o t h .  T h i s  was r e -  

moved and r e p l a c e d  w i t h  a  4 mm t h i c k  r u b b e r  d r a u g h t  e x c l u d e r  and t h e  case- 

ments were a d j u s t e d .  Measurements were t h e n  made o f  t h e  f reedom f r o m  

d raugh ts  and t h e  r e s u l t s  a r e  i l l u s t r a t e d  i n  FIG.5a-b.  These f i g u r e s  enab le  

t h e  compar ison t o  be made o f  t h e  e f f e c t  o f  t h e  d r a u g h t  e x c l u d e r  a f t e r  i t  

was p u t  up and t h e  e a r l i e r  d r a u g h t y  c o n d i t i o n  o f  t h e  window. From FIG.5a 

i t  can be n o t e d  t h a t  when t h e r e  i s  o v e r p r e s s u r e  on t h e  i n s i d e  o f  t h e  w in -  

dow, t h e  l eakage  o f  a i r  i s  6% l e s s  a f t e r  t h e  a d d i t i o n  o f  t h e  r u b b e r  d r a u g h t  

e x c l u d e r .  The c o r r e s p o n d i n g  f i g u r e ,  f o r  t h e  s i t u a t i o n  w i t h  u n d e r p r e s s u r e  

on t h e  i n s i d e  o f  t h e  window, i s  20%, see FIG.5b. T h a t  t h i s  f i g u r e  i s  so 

h i g h ,  i s  due t o  t h e  f a c t  t h a t  a  r u b b e r  d r a u g h t  e x c l u d e r  i s  more e a s i l y  

a d a p t a b l e  t o  movements o f  t h e  casement compared t o  o t h e r  t y p e s  o f  d r a u g h t  

e x c l u d e r s .  Because t h e  casements were a d j u s t e d ,  and t h e  r u b b e r  d r a u g h t  ex-  

c l u d e r s  were i n s e r t e d ,  t h e  window was much l e s s  d r a u g h t y .  T h i s  s i t u a t i o n  

c o u l d  have been f u r t h e r  improved i f  t h e  casements had been a d j u s t e d  a g a i n .  



The o t h e r  window (1946) a l s o  had inward -open ing  l i n k e d  casements. P r e v i -  , 

ous d r a u g h t - p r o o f i n g  had been c a r r i e d  o u t  w i t h  d r a u g h t  e x c l u d e r s  f r o m  

r u b b e r  foam. A r u b b e r  d r a u g h t  exc lude r  4 mm t h i c k  was t u 5 t e n e d  a l l  t h e  

way round t h t l  casement, and t h e  window f a s t e n e r s  were v e r y  c a r e f u l l y  ad- 

j u s t e d .  Measurements were made o f  t h e  degree o f  f reedom f r o m  d r a u g h t s  and 

t h e  r e s u l t s  a r e  p r e s e n t e d  i n  FIG.6.  A compar ison i s  made i n  t h e  f i g u r e  o f  

t h e  s i t u a t i o n  b e f o r e  and a f t e r  t h e  r u b b e r  d r a u g h t  exc11ldc.r was f i t t e d .  

The f i g u r e  shows t h a t  t h e  f reedom f rom d raugh ts  has been improved by  o v e r  

90%. The window, w i t h  i t s  new r u b b e r  d r a u g h t  e x c l u d e r ,  f u l l y  meets t h e  

d r a u g h t  p r e v e n t i o n  r e q u i r e m e n t s  t h a t  SBN (Swedish B u i  l d i  nq Code) deqiands 

o f  new wirldows. 

I n  t h e  l a b o r a t o r y ,  measurements have been c a r r i e d  o u t  on  two windows con- 

s i s t i n g  o f  two s i n g l e  casements. The o u t e r  casements open outwards  and 

t h e  i n n e r  casements open i n w a r d s .  The casements and window f a s t e n e r s  o f  

b o t h  windows were a d j u s t e d  and t h e  i n n e r  casements were p r o v i d e d  w i t h  

d r a u g h t  e x c l u d e r s .  F o r  one o f  t h e  windows ( f r o m  t h e  1 8 9 0 - S ) ,  t h e  i n s i d e  

casement was p r o v i d e d  w i t h  a  r u b b e r  d r a u g h t  e x c l u d e r  ( 4  mm) and t h e  r e -  

s u l t a n t  r e d u c t i o n  i n  d r a u g h t i n e s s  was measured. T h i s  was f o l l o w e d  by  t h e  

o u t e r  casement b e i n g  p r o v i d e d  w i t h  t h e  same t y p e  o f  r u b b e r  e x c l u d e r ,  and 

t h e  r e s u l t s  were measured a g a i n .  The r e s u l t i n g  measurements a r e  presen-  

t e d  i n  FIG.7a-b.  The window has become 55% l e s s  d r a u g h t y .  

F o r  t h e  o t h e r  window ( f r o m  t h e  1920 's ) ,  t h e  i n n e r  casements were p r o v i -  

ded p a r t l y  w i t h  c l o t h  d r a u g h t  e x c l u d e r s  w i t h  a  foam r u b b e r  c o r e ,  and 

p a r t l y  w i t h  0 - s e c t i o n ,  p l a s t i c  d r a u g h t  e x c l u d e r s .  Measurements were t h e n  

made o f  t h e  degree o f  f reedom f r o m  d r a u g h t s .  T h i s  was t h e n  f o l l o w e d  b y  

t h e  o u t e r  casements b e i n g  p r o v i d e d  w i t h  a  r u b b e r  d r a u g h t  e x c l u d e r  ( 4  mm). 

Measurements were c a r r i e d  o u t  a g a i n .  From FIG.8a-b i t  can be n o t e d  t h a t  

t h e  window has become 50% l e s s  d r a u g h t y  i n  t h e  l a t t e r  case.  

From t h e  exper imen ts  above, i t  appears t h a t  o l d  windows can be made r e -  

l a t i v e l y  d r a u g h t - f r e e ,  and p rove  f u l l y  a c c e p t a b l e  i n  terms o f  d r a u g h t  

p r e v e n t i o n .  T h i s  means t h a t  energy  can be saved by  j u s t  c h c c k i n g  t h e  con- 

d i t i o n  o f  windows. I n  a d d i t i o n  t h e  measures wh ich  d r e  necessary  a r e  n o t  

p a r t i c u l a r l y  expens ive  o r  t ime-consuming.  Improvement o f  t h e  d r a u g h t -  

p r o o f i n g  o f  windows o f t e n  has a  doub le  energysav ing  e f f e c t .  I t  i s  n o t  

o n l y  t h e  leakage o f  h e a t  t h a t  i s  p reven ted ,  b u t  a l s o  t h e  ( f raugh t  f r o m  



windows d i sappears .  T h i s  r e s u l t s  i n  t h e  i n d o o r  c l i m a t e  b e i n g  more comfor -  , 

t a b l e ,  w i t h  t h e  r e s u l t  t h a t  t h e  i n d o o r  tempera tu re  car) o f t e n  be l owered  a  

few degrees.  

The p r e v e n t i o n  -- o f  d r a u g h t s  f rom windows 

Draugh t  e x c l u d e r s  between t h e  casement and t h e  window frame - ---  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

When f i t t i n g  d r a u g h t  e x c l u d e r s  between t h e  window franie and t h e  casement, 

t h e s e  s h o u l d  be p l a c e d  f u r t h e s t  i n  towards t h e  room. I n  t h i s  way t h e  b e s t  

p r o t e c t i o n  f r o m  t h e  e lemen ts  i s  p r o v i d e d  and condensa t ion  on t h e  o u t e r  

panes i s  c o u n t e r a c t e d  ( see  F I G . 9 ) .  F o r  i nward -open ing  casements, t h e  

d r a u g h t  e x c l u d e r  i s  f i t t e d  t o  t h e  casement and f o r  ou tward -open ing  case- 

nients t h e  e x c l u d e r  i s  f i t t e d  t o  t h e  window f rame.  

There  i s  on t h e  m a r k e t  t oday  a  w ide v a r i e t y  o f  d r a u g h t  e x c l u d e r s  made 

f r o m  d i f f e r e n t  m a t e r i a l s  such as r u b b e r  foam, p l a s t i c ,  c l o t h ,  r u b b e r ,  

e t c . .  O f  cou rse ,  i t  can be d i f f i c u l t  t o  know wh ich  m a t e r i a l  i s  b e s t ,  b u t  

one made from r u b b e r  i s  p r e f e r a b l e .  T h i s  m a t e r i a l  i s  h i g h l y  e l a s t i c ,  has 

good age ing  p r o p e r t i e s ,  has t h e  a b i  l i t y  t o  absorb  i r r e q r r l a r i  t ~ e s  between 

t h e  casement and t h e  window frame, as w e l l  as t h e  a b i l i t y  t o  a d a p t  t o  t h e  

open ing and c l o s i n g  o f  t h e  casement. 

Rubber d r a u g h t  e x c l u d e r s  a r e  a v a i l a b l e  w i t h  d i f f e r e n t  s e c t i o n s .  There  

a r e  s e a l i n g  s t r i p s ,  0- o r  P - s e c t i o n  s t r i p s ,  V s t r i p s  and s e r r a t e d  s t r i p s  

( see  F I G . l O ) .  The 0- and V - s e c t i o n  s t r i p s  a r e  a t t a c h e d  t o  t h e  casement 

w i t h  t h e  h e l p  o f  a  s t a p l e r ,  w h i l e  t h e  s e a l i n g  s t r i p s  and t h e  s e r r a t e d  

s t r i p s  a r e  s e l f - a d h e s i v e .  I t  s h o u l d  be n o t e d  t h a t  t h e  V - s e c t i o n  s t r i p  

i s  d i f f i c u l t  t o  f i t  c o r r e c t l y .  

When f i t t i n g  d r a u g h t  e x c l u d e r s  t o  doo rs  and windows, i n  o r d e r  t o  p r e v e n t  

d r a u g h t s ,  t h e  f o l l o w i n g  p o i n t s  s h o u l d  be obse rved  when c a r r y i n g  o u t  t h e  

work so t h a t  good r e s u l t s  may be o b t a i n e d .  

1 .  I n s p e c t i o n  o f  windows and d o o r s .  

2. Ad jus tmen t  o f  casement/door and r e s p e c t i v e  f rame t o  check t h a t  

casement/door opens and s h u t s  e a s i l y .  



3. Check t h a t  a l l  f a s t e n e r s  and h i n g e s  work p r o p e r l y  and c a r r y  o u t  any 

a d j u s t m e n t s  o r  o i l i n g  t h a t  niay be necessa ry .  

4. Check t h a t  t h e  a i r  s l i t  t h a t  i s  t o  be found on a l l  l i n k e d  casements 

and doors  has n o t  been p a i n t e d  o v e r  and t h e r e f o r e  non f ~ i n c t i o n a l .  

Where necessary ,  f i t  a  s e a l i n g  s t r i p  9x3, L=20-30 mm t o  two p l a c e s  

between t h e  bo t tom r a i l s  o f  t h e  sashes. 

5 .  Always p a i n t  a l l  s u r f a c e s  t h a t  a r e  exposed b a r e  wood ( i n c l u d i n g  areas 

n o t  t r e a t e d  w i t h  wood s t a i n e r  o r  o t h e r  s u r f a c e  f i n i s h )  b e f o r e  f i t t i n g  

t h e  d r a u g h t  e x c l  ude rs .  

6. Check c a r e f u l l y  t h a t  t h e r e  i s  room f o r  t h e  r u b b e r  e x c l u d e r .  F o r  ex-  

ample, t ry  d i f f e r e n t  d imens ions ( t h e  0 - s e c t i o n  s t r i p  9x5 i s  v e r y  good 

and f i t s  80-90% o f  a l l  windows).  See f u r t h e r  t h e  t a b l e  be low.  

7 .  The f o l l o w i n g  r u b b e r  s e a l  i n g  s t r i p s ,  i n t e n d e d  f o r  t h e  d r a u g h t - p r o o f i n g  

of doors  and windows, a r e  a v a i l a b l e  on t h e  m a r k e t .  

S e a l i n g  s t r i p  9x3  max.gap 2.5 mm 

0 - s e c t i o n  s t r i p  9x5 " " 5.0 mm 

V - s e c t i o n  s t r i p  l l 1  7.0 mm 

10x5 
S e r r a t e d  s t r i p s  8x4 can be compressed t o  max. 15-20 

15x8 o f  o r i g i n a l  t h i c k n e s s  

O the r  r u b b e r  d r a u g h t  e x c l u d e r s  a r e  a v a i l a b l e  e . g .  f o r  doo rs ,  b u t  may 

be d i f f i c u l t  t o  o b t a i n  f r o m  normal  r e t a i l  o u t l e t s .  

8, When f i t t i n g  d r a u g h t  e x c l u d e r s ,  use t h e  r u b b e r  s t r i p s  t h a t  p r o v i d e  

t h e  c o r r e c t  p r e s s u r e  when t h e  window i s  c l o s e d .  I t  i s  e x t r e m e l y  i m -  

p o r t a n t  t h a t  t h e  c o r r e c t  r u b b e r  d r a u g h t  e x c l u d e r  i s  used t o  o b t a i n  

s a t i s f a c t o r y  d r a u g h t  p r e v e n t i o n .  It i s  e q u a l l y  i m p o r t a n t  t h a t  t h e  r u b -  

b e r  d r a u g h t  e x c l u d e r  i s  f i t t e d  t o  t h e  c o r r e c t  p a r t  o f  t h e  casement/ 

window frame, see FIG. lO. 

(Note .  Exper ience  shows t h a t  e .g ,  s i x  o u t  o f  t e n  houses have i n c o r -  

r e c t l y  f i t t e d  d r a u g h t  e x c l u d e r s .  Fo r  f l a t s ,  t h e  f i g u r e  i s  even h i g h e r .  

A v e r y  common m i s t a k e  i s  t h a t  a  foam r u b b e r  s e a l i n g  s t r i p  has been 

f i t t e d  i n  t h e  d r i p ,  see FIG.9, w i t h  r e l a t i v e l y  e x t e n s i v e  damage as a  

r e s u l t )  . 



------- Caul k i n g  between t h e  window frame and t h e  w a l l  I 

The j o i n t  between t h e  window frame and t h e  w a l l  s h o u l ~ l  i ~ r n c t i o n  i n  t h e  

same manner as t h e  w a l l  i t s e l f ,  and s h o u l d  t h e r e f o r e  bri c o n s t r u c t e d  

a c c o r d i n g  t o  t h e  same b a s i c  p r i n c i p l e s .  These p r i n c i p l f  C ,  s h o u l d  be based 

on a  two-s tage  method o f  i n s u l a t i o n ,  i .e .  t h a t  t h e r e  are  s e p a r a t e  l a y e r s  

t o  p r o v i d e  p r o o f i n g  a g a i n s t  w ind  and r a i n .  I n  a d d i t i o n  t h e  j o i n t  must  

p r o v i d e  h e a t  i n s u l a t i o n  i n  o r d e r  t o  reduce h e a t  l o s s e s  and a l s o  t o  p r o -  

v i d e  p r o t e c t i o n  a g a i n s t  condensa t ion .  

F I G . l l  i l l u s t r a t e s  d i f f e r e n t  methods o f  i n s u l a t i n g  t h e  j o i n t  between t h e  

window frame and t h e  w a l l .  When i n s u l a t i n g  t h e  j o i n t  w i t h  c a u l k i n g  i t  i s  

i m p o r t a n t  t h a t  t h e  l a t t e r  i s  s t u f f e d  i n  p r o p e r l y  so  t h a t  t h e  r e q u i r e d  

p r o t e c t i o n  i s  o b t a i n e d .  The r e s u l t s  o f  c a u l k i n g  a r e  d i r e c t l y  r e l a t e d  t o  

t h e  way i n  wh ich  i t  i s  c a r r i e d  o u t .  The most  common m a t e r i a l  f o r  c a u l k -  

i n g  i s  m i n e r a l  woo l .  F o r  t h i s  purpose,  approx .  5 cm wide s t r i p s  a r e  s t u f -  

fed  i n t o  t h e  j o i n t .  There  a r e  a l s o  p l a s t i c  c o a t e d  m i n e r a l  wool s t r i p s  

t h a t  can be used i n  t h e  i n n e r  s e c t i o n  o f  t h e  j o i n t .  The j o i n t s  can a l s o  

be s e a l e d  w i t h  e l a s t i c  s t r i p s  o f  a r t i f i c i a l  r u b b e r .  These s t r i p s  a r e  nia- 

n u f a c t u r e d  from porous m a t e r i a l  o r  as h o l l o w  c y l i n d r i c a l  s t r i p s .  On t h e  

o u t s i d e  t h e  j o i n t  i s  s e a l e d  w i t h  an e l a s t i c  s e a l i n g  compound and on t h e  

i n s i d e  i s  p l a c e d  t h e  i n n e r  r e v e a l .  

The d t - a u g h t - p r o o f i n g  o f  a l l  windows i s  b e i n g  c a r r i e d  o u t  d t  t h e  mofnent 

i n  a  l a r g e  b l o c k  o f  f l a t s  i n  Malmo. Draught  e x c l u d e r s  a r e  b e i n g  f i t t e d  

between t h e  casements and t h e  window f rame and c a u l k i n g  i s  b e i n g  c a r r i e d  

o u t  between t h e  window frames and t h e  w a l l s .  C a u l k i n g  i s  c a r r i e d  o u t  f r o m  

t h e  i n s i d e .  The j o i n t s  a r e  b e i n g  i n s u l a t e d  a c c o r d i n g  t o  c i n  FIG.11.  
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I 
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Fan 8 

Pressure Pressure  
d i  f f e r e n c e  d i f f e r e n c e  
between t e n t s .  between i n n e r  

t e n t  and ou tdoor  
a i r  ~ p .  

FIG.2  Sketch o f  p r i n c i p l e  o f  measur ing t h e  degree o f  t h e  a i r  t i g h t n e s s  

o f  windows. 



A i r  l eackage m3/h 

5 10 15 20 2 5 30 

P r e s s u r e  mm vp 

F I G . 3  Example o f  s e r i e s  o f  measurements. 



Types of windows in the air-tightness diagrams 

Outward-opening linked casements 

Double, non-linked casements 

Outward-opening linked casements 

Double, non-linked casements, both inward-opening 

Double, non-linked casements 

Inward-opening linked casements 

Inward-opening linked casements 

Double, non-linked casements 

Outward-opening linked casements 

Perspective windows 

Inward-opening linked casements 

Inward-opening linked casements 

Inward-opening linked casements 

Outward-opening linked casements 

Outward-opening linked casements 

Double, non-linked casements - inward-opening 
linked casements 

Inward-opening linked casements 

Double non-linked casements with inner casements 
sealed with adhesive tape 

Inward-opening linked casements 

Double non-l inked casements w i  th inner casenlents 
sealed with adhesive tape 

Double non-linked casements with inner casements 
sealed with adhesive tape 

1850 Eksjo 

1905 Eksjo 

1898 Eksjo 

1898 Malmo 

1922 Malmo 

1946 Gavle 

1927 Gavle 

1922 Malmo 

1919 Malmo 

1955 Malmo 

1939 G a v l t .  

1922 Malmo 

1922 Malmo 

1884 Eksjo 

1950 Eksjo 

1922 Malniij 

1941 Malmo 

1850 Eksjo 

1955 Malmo 

1887 Gavle 

1899 Gavle 

The modern window is triple-glazed, linked casement, inward-opening 



3 A i r  l eackage  m / h  

FIG.4a The a i r  t i g h t n e s s  of t h e  vqindows s t u d i e d  when o v e r p r e s s u r e  occu rs  

on  t h e  i n s i d e  o f  t h e  windows. (See page f o l l o w i n g  FIG.4b f o r  f i g u -  

r e s ) .  



A i  r l eackage mJ/h 

5 10 1 5  20 2 5 3 0 

P r e s s u r e  mm v p  

F IG.4b A i r  t i g h t n e s s  o f  t h e  windows s t u d i e d  when u n d e r p r e s s u r e  occu rs  

on t h e  i n s i d e  o f  t h e  windows ( s e e  f o l l o w i n g  page f o r  f i g u r e s ) .  



A i r  l eackage  m3/h 

O r i g i n a l  c o n d i  t, i o n  
Sea led w i t h  c l o t h  s t r i p  

Window a f  tet* a d j u s t m e n t  
and f i t t i n g  o f  4 mm 
r u b b e r  s t r i p  r ---- 

P r e s s u r e  mm vp 

FIG.5a Comparison o f  a i r - t i g h t n e s s  b e f o r e  and a f t e r  renewal  of d r a u g h t  

e x c l u d e r .  L i n k e d ,  i nward -open ing  casements. Overp ressu re  on i n -  

s i d e  o f  window. 



O r i g i n a l  c o n d i t i o n  
, Sealed w i t h  c l o t h  s t r i p  - 

Pressure mm vp 

F I G . 5 b  Comparison o f  a i r - t i g h t n e s s  b e f o r e  and a f t e r  renewal o f  d raugh t  

e x c l u d e r .  L inked ,  inward-opening casements. Underpressure on i n -  

s i d e  o f  window. 



W ~ n d o w  f a s t e n e r s  a d j u s t e d .  
4 rrlni r u b b e r  s t r i p  f i t t e d .  
--- - 

O r i g i n a l  c o n d i t i o n .  D raugh t -  
A i r  l eackage  m3/h p r o o f i n g  u s i n g  foam r u b b e r  s t r i p .  

P r e s s u r e  mm vp 

FIG.6  Comparison of a i r - t i g h t n e s s  b e f o r e  and a f t e r  renewal  of  d r a u g h t  
e x c l u d e r s .  L i n k e d  inward -open ing  casements. The f u l l  c u r v e  i n d i -  
c a t e s  t h e  a i r - t i g h t n e s s  when t h e r e  i s  o v e r p r e s s u r e  on t h e  i n s i d e  
o f  t h e  window. The dashed c u r v e  i n d i c a t e s  t h e  a i r - t i g h t n e s s  when 
t h e r e  i s  underp ressu re  on t h e  i n s i d e  o f  t h e  window. 



Pressure mm v p  

F IG.7a  Coniparison of a i r - t i g h t n e s s  o f  d i f f e r e n t  methods o f  d r a u g h t  p re -  

v e n t i o n  i n  windows w i t h  double ,  n o n - l i n k e d  casements. Overpressure 

on t h e  i n s i d e  of t h e  window. 



Innercasement fitted 

Both inner and outer casements 
3 Air leackage m /h fitted with 4 mm rubber s,trips 

I 

Pressure mm vp 

F I G . 7 b  Compat.ison of air-tightness of different methods of draught pre- 

vention in windows with double, non-linked casements. Underpressure 

on the inside of the window. 



A i r  l e a c k a y e  nlJ/h 

I n n e r  casement p r o v i d e d  w i t h  c l o t h  
s t r i p  and 0 - s e c t i o n  p l a s t i c  d r a u a h t  
e x c l u ~ e r .  O u t e r  casement p r o v i d e d  
w i t h  4 mm r u b b e r  s t r i p .  

I n n e r  casement p r o v i d e d  w i t h  c l o t h  
s t r i p  and 0 - s e c t i o n  p l a s t i c  s t r i p .  

P r e s s u r e  mm vp 

FIG.8a Compat,ison o f  a i r - t i g h t n e s s  f o r  d i f f e r e n t  methods o f  d r a u g h t  p r e -  

v e n t  i o r 1  i n windows w i  t h  doub le ,  non - l  i nked casements. Overp ressu re  

on i n s  i d e  o f  windows. 



I n n e r  casement p r o v i d e d  w i t h  
I n n e r  casement p r o v i d e d  w i t h  c l .o th  s t r i p  and 0 - s e c t i o n  p l a s -  
c l o t h  s t r i p  and @ - s e c t i o n  t i c  s t r i p .  Ou te r  casement p r o -  
p l a s t i c  s t r i p .  v i d e d  w i t h  4 mm r u b b e r  s t r i p  

I 
3 A i r  l eackage  m / h  1 1 

P r e s s u r e  mm vp 

FIG.8b Comparisot i  o f  a i r - t i g h t n e s s  f o r  d i f f e r e n t  methods o f  d r a u g h t  p r e -  

v e n t i o n  i n  windows w i t h  doub le ,  n o n - l i n k e d  casements. Underpressure  

on t h e  i n s i d e  of  t h e  window. 



Sec t i o n  t h r o u g h  jamb and s t i l e  
f o r  ou tward -open i  n q ,  l i n k e d  
caserr~t?nts. The a r row  i l l u s t r a t ,  
how wind and r a i n  a r e  p r e v e n t e ~  
froin e r i t e r i  ng . 

r e t u r n i n g  
a i r  s t rean i  

excl u d e r  

P r o t e c t i o n  f r o m  i n w a r d -  
d r i v i n g  w ind  and r a i n  
f o r  i nward-openi  ng , 
l i t~kecl cdsen~en ts .  

F I G . 9  B a s i c  p r i n c i p l e s  o f  t h e  p r o t e c t i o n  o f  windows d q o  I t ~ i t  d r i v i n q  

r a i n  and w ind.  



Type o f  s e c t i o n :  S e a l i n g  0 - s e c t i o n  V - s e c t i o n  S e r r a t e d  s t t ~ p s  
s t r i p  s t r i p  s t r i p  

Dimens i on m111: 

Max . gap :  2 . 5  5 7 nlrn Can be co~npr-c.~ sed t o  I I I ~ X  

15-20t  o f  0 1  ~ g i n a l  t h i c k n e s s  

I n w a r d - o p e n i ~ w i n d o w s  - p----.- - - 

Draugh t  e x c l u d e r  f i t t e d  
t o  i n n e r  casement 

0 - s e c t i o n  
s t r i p  

V -  s e c t i o n  
s t r i p  

S e a l i n g  s t r i p  
and s e r r a t e d  
s t r i p  

Ou twdrd -open i  ng w i  ndows 
-- - . --p------- 

Draugh t  e x c l u d e r  f i  t t e d  
t o  w i  rldow f rame 

t h e  h i n g e  o t h e r  s i d e s  t h e  h i  r,qe o t h e r  S i des 
s i d e  s i d e  

FIG.10 D i f f e r e n t  t y p e s  o f  d r a u g h t  e x c l u d e r s  and t h e i r  f i t t i n g  t o  

casement o r  window frame r e p s e c t i v e l y .  



c a u l  k i n g  w i t h  m i n e r a l  
wool 

i rlner revi~iil 

w i  ndow frame 

o u t s i d e  i n s i d e  

c a u l  k i n g  w i  t h  m i n e r a l  
woo l + 

p l a s t i c - c o a t e d  m i  nera  l 
wool s t r i p s  

o u t s i d e  i n s i d e  

c a u l k i n g  w i t h  m i n e r a l  
wool 

c y l i n d r i c a l  r u b b e r  s t r i p  
-I--- 1 s e a l i n g  compound 

o u t s i d e  

w i  ndow f rame 

i n s i d e  

F I G . l l  D i f f e r e n t  ways t o  c a u l k  between window f rame ant1 w d l l  
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