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THE EFFECT OF VAPOUR BARRIER THICKNESS ON AIR TIGHTNESS 

Abst rac t  

Laboratory measurements have shown t h a t  when pressure d i f f e rences  
a r e  app l i ed  across wa l l  and r o o f  elements, the  m a j o r i t y  o f  t h e  
pressure drop takes p lace across the  vapour b a r r i e r .  S i m i l a r l y ,  
f i e l d  measurements have shown t h a t  t he  m a j o r i t y  o f  t he  leakage i n  
Norwegian b u i l d i n g s  occurs a t  t h e  j o i n t s  i n  t he  vapour b a r r i e r ,  
a t  w a l l / f l o o r  j o i n t s ,  around penet ra t ions  o f  the  vapour b a r r i e r  
and through holes i n  the  vapour b a r r i e r .  P r i o r  t o  1980, the  
standard vapour b a r r i e r  i n  Norway was 0.06 mm t h i c k  polyethy lene 
sheet ing.  However i t  was suggested t h a t  t he  use o f  t h i c k e r  mate- 
r i a l  cou ld  reduce the  number of holes i n  t he  vapour b a r r i e r  
created d u r i n g  cons t ruc t ion  so i n  1980 the  use o f  0.15 mm t h i c k  
sheet was i n i t i a t e d  and t h i s  i s  now the  standard. 

Th i s  paper r e p o r t s  on a comparative study o f  the  a i r  leakage per-  
formance o f  these two vapour b a r r i e r  thicknesses. The study con- 
s idered 10 i d e n t i c a l  s i n g l e  fami ly  houses, f i v e  o f  which were 
cons t ruc ted  us ing  0.06 mm polyethy lene and f i v e  o f  which used 
0.15 mm. A i r  i n f i l t r a t i o n  measurements were c a r r i e d  ou t  on comp- 
l e t i o n  o f  t h e  houses and repeated four  years a f t e r  cons t ruc t i on .  
The r e s u l t s  show t h a t  t he  houses w i t h  0.06 mm f i l m  were on 
average about  17% more leaky than the  houses w i t h  the  0.15 mm 
f i l m  when t h e y  were new. 

Background 

90% o f  t h e  people i n  Norway l i v e  i n  s i n g l e  fami ly  houses and 95% 
of these a r e  b u i l t  of t imber frame const ruc t ion .  I n  order  t o  make 
t h e  houses more energy e f f i c i e n t  we have looked a t  d i f f e r e n t  ways 
o f  making t h e  envelope more a i r t i g h t  so t h a t  t he  v e n t i l a t i o n  r a t e  
can be c o n t r o l l e d  by the  occupants. Laboratory measurements have 
shown t h a t  when pressure d i f fe rences are app l ied  across wa l l  and 
r o o f  elements, t he  m a j o r i t y  o f  the  pressure drop takes p lace 
across t h e  vapour b a r r i e r .  F i e l d  measurements o f  a i r  t i gh tness  
accompanied by thermography measurements have shown t h a t  t he  ma- 
j o r i t y  o f  t h e  leakage takes p lace a t  t he  j o i n t s  i n  the  vapour 
b a r r i e r ,  e s p e c i a l l y  a t  the  w a l l / c e i l i n g  j o i n t s .  Leaks a re  a l s o  
o f t e n  seen around penetrat ions of the  vapour b a r r i e r  and through 
holes i n  t h e  vapour b a r r i e r .  

Norwegian housebui lders used t o  use 0.04 mm o r  0.06 mm t h i c k  po- 
l ye thy lene  f i l m  as the  vapour b a r r i e r  i n  t imber frame c o n s t r u c t i -  
ons. However about 1980 0.15 mm t h i c k  polyethy lene f i l m  was i n -  
troduced t o  t h e  b u i l d i n g  market w i t h  the  aim o f  reducing the  
number o f  ho les  made i n  the vapour b a r r i e r  dur ing  cons t ruc t i on .  
It was a l s o  expected t h a t  the j o i n t s  i n  the  polyethy lene should 
be t i g h t e r  w i t h  a t h i c k e r  f i l m .  



Method 

To v e r i f y  these p red i c t i ons  10 i d e n t i c a l  s i n g l e  f a m i l y  houses 
were b u i l t .  They each havz 1 1/2 storeys and a  basement g i v i n g  a  
t o t a l  f l o o r  area o f  260 m , are heated by e l e c t r i c i t y  us ing  i n d i -  
v i d u a l l y  thermostated, wa l l  mounted panel heaters and have mecha- 
n i c a l  v e n t i l a t i o n  us ing  a  balanced system w i t h  heat r y o v e r y ,  see 
f i gu res  l a  - I d .  The normal v e n t i l 2 t i o n  r a t e  i s  100 m /h b u t  can 
be v a r i e d  up t o  a  maximum of 250 m /h. I n  5 o f  t he  houses 0.06 mm 
po lye thy lene f i l m  was used and i n  the  o ther  5 ,  0.15 mm f i l m  was 
used. A l l  t h e  b u i l d i n g  d e t a i l s  were discussed w i t h  the  a r c h i t e c t ,  
t h e  developer and the  carpenters before cons t ruc t ion  s t a r t e d ,  i n  
order  t o  f i n d  ou t  how the  b u i l d i n g  d e t a i l s  which a f f e c t  a i r  t i g -  
htness were planned. The f i n a l  so lu t i ons  were chosen by the  ar -  
c h i t e c t  and t h e  developer w i t h  the  aim t h a t  t he  cons t ruc t i on  
d e t a i l s  should be s i m i l a r  f o r  a l l  the  houses. 

Meetings were arranged w i t h  a l l  t he  carpenters before c o n s t r u c t i -  
on s t a r t e d  where they were informed about t he  p r o j e c t ,  why and 
how t o  b u i l d  a i r t i g h t  houses, t he  b u i l d i n g  regu la t i ons  and about 
how t o  measure a i r t i g h t n e s s .  

Dur ing t h e  cons t ruc t i on  we v i s i t e d  the  b u i l d i n g  s i t e  several 
t imes bo th  t o  see how the  vapour b a r r i e r  was i n s t a l l e d  and t o  i n -  
t e rv iew  t h e  carpenters about the  i n s t a l l a t i o n  o f  t he  f i l m .  

A f te r  c o n s t r u c t i o n  we measured the  a i r t i g h t n e s s  o f  the  houses 
us ing  f a n  p r e s s u r i z a t i o n  i n  conjunct ion w i t h  thermography measu- 
rements. 

A f t e r  4 years  the  measurements were repeated. A t  t he  same t ime we 
in te rv iewed  the  occupants and questioned them about draughts, the 
v e n t i l a t i o n  system and whether they had c a r r i e d  ou t  any a l t e r a t i -  
ons t o  t h e  house s ince the  l a s t  measurements which cou ld  a f fec t  
t h e  a i r t i g h t n e s s .  I n  a d d i t i o n  we read the  e l e c t r i c i t y  meters. 

Resul ts  

Dur ing t h e  cons t ruc t i on  per iod  no d i f f e rence  could be seen i n  the 
number o f  ho les  o r  o ther  damage which could be a t t r i b u t e d  t o  the 
d i f f e rence  i n  the  th ickness o f  t he  polyethylene f i l m .  

The carpenters s a i d  t h a t  one disadvantage o f  the t h i c k  f i l m  was 
t h a t  i t  was heav ier ,  however, they thought t h a t  the  greater  
s t reng th  was an advantage. 

The a i r t i g h t n e s s  measurements which were c a r r i e d  ou t  on complet i-  
on showed t h a t  t he  average n  value f o r  the  houses w i t h  the  
t h i c k  f i l m  was 2.9 ach compa%d w i t h  3 .4  ach f o r  t h e  houses w i t h  



t h i n  f i l m ,  see f i g u r e  2 .  Af ter  4  years t h e  numbers were 3.2 ach 
and 3.6 ach respec t i ve l y ,  see f i g u r e  3 .  

Thermography measurements showed many d i f f e r e n t  leaks i n  each of 
t h e  10 houses. We were, however, n o t  able t o  d iscover  any d i f f e -  
rence i n  t h e  leakage d i s t r i b u t i o n  between the two groups of 
houses. We found leaks i n  the  vapour b a r r i e r  j o i n t s ,  e .g.  between 
w a l l s  and r o o f s  and i n  roo fs ,  see f i gu res  4  and 5, and a l so  
between d i f f e r e n t  b u i l d i n g  components where one o r  both d i d  n o t  
have a  vapour b a r r i e r ,  e.g. between w a l l s  and windows and between 
w a l l s  and in te rmed ia te  f l o o r s ,  see f i g u r e s  6  and 7. 

I n  t he  quest ionna i re  on ly  one occupant complained about draughts 
saying t h a t  t he re  were draughts around the  doors and windows. 
However 70% o f  t he  occupants were d i s s a t i s f i e d  w i t h  the  mechani- 
c a l  v e n t i l a t i o n  system complaining t h a t  i t  had i n s u f f i c i e n t  capa- 
c i t y ,  t h a t  i t  was no isy  and t h a t  the heat  recovery system seemed 
i n e f f i c i e n t .  

The annual t o t a l  e l e c t r i c i t y  consumption f o r  each house i s  shown 
p l o t t e d  aga ins t  i t s  a i r  t igh tness  i n  f i g u r e  8. The average annual 
e l e c t r i c i t y  consumption f o r  the  group of houses w i t h  0.15 mm f o i l  
i s  29800 kwh compared w i t h  30800 kwh f o r  t he  houses w i t h  0.06 mm 
t h i c k  f o i l .  

Discussion 

The fan p r e s s u r i z a t i o n  measurements c a r r i e d  ou t  when the  houses 
were new showed t h a t  the  houses w i t h  the  t h i n  f i l m  were on 
average about 17 % more leaky than t h e  houses w i t h  the  t h i c k  f i l m  
. A f t e r  4 years t h i s  d i f ference had apparent ly  decreased t o  9  %. 
Th is  r e d u c t i o n  can be due p a r t l y  t o  changes c a r r i e d  by the  occu- 
pants which cou ld  have a f fec ted  the  a i r t i g h t n e s s .  It may a l so  be 
due t o  t h e  e f f e c t s  o f  thermal movement. 

The standard o f  b u i l d i n g  w i l l ,  o f  course a f f e c t  the  r e s u l t s .  The 
i n t e n t i o n  was t o  l e t  each cons t ruc t ion  crew b u i l d  one house w i t h  
each o f  t h e  two polyethy lene f i l m  thicknesses b u t  i n  p r a c t i c e  
t h i s  was o n l y  t he  case w i t h  6 of the  houses. The remaining 4  were 
b u i l t  by o the r  cons t ruc t ion  crews. However the  v a r i a t i o n  i n  a i r -  
t i gh tness  o f  houses b u i l t  by the  same crews appeared t o  be of the  
same order  as the  v a r i a t i o n  between d i f f e r e n t  crews. There are  
however o t h e r  f a c t o r s  t h a t  could i n f l uence  the r e s u l t s  e.g. which 
of the  houses was b u i l t  f i r s t ,  o r  the  weather cond i t ions  du r ing  
the  cons t ruc t i on  o f  the  vapour b a r r i e r .  

The Norwegian b u i l d i n g  regu la t ions  r e q u i r e  t h a t  the n  value 
s h a l l  be equal t o  o r  l ess  than 4.0 ach. This regu la t i 88  was i n -  
troduced i n  1981. However a i r  t igh tness  measurements made on new 
s i n g l e  f a m i l y  houses before and a f t e r  1981 show s i g n i f i c a n t l y  
h igher  va lues than 4.0 ach on average. The low average of t he  n  
value f o r  t h e  houses i n  t h i s  p r o j e c t ,  3.2 achy may thus i nd i ca tgO 



t h a t  t he  r e s u l t s  a re  in f luenced by the  purpose o f  t he  p r o j e c t .  
The c o n s t r u c t i o n  o f  t he  houses i n  t h i s  study i s  no l ess  complex 
than t h a t  f o r  t he  o ther  houses measured so t h i s  cannot exp la in  
t h e  1  ow 1  eakage. 

There appears t o  be poor c o r r e l a t i o n  between the  t o t a l  e l e c t r i c i -  
t y  consumption i n  t h e  houses and t h e i r  a i r t i g h t n e s s .  The spread 
i n  i n d i v i d u a l  consumptions i s  a l so  l a r g e  b u t  t h i s  i s  t o  be ex- 
pected because the  t o t a l  e l e c t r i c i t y  consumption, which inc ludes 
n o t  o n l y  space heat ing  ba t  a l so  water heat ing,  cooking, l i g h t i n g  
and power i s  g r e a t l y  dependent on the  occupants. Pa r t  o f  the  
spread may a l s o  be due t o  the  f a c t  t h a t  some o f  the  houses used 
wood f o r  space heat ing  i n  a d d i t i o n  t o  e l e c t r i c i t y ,  bu t  t he re  was 
i n s u f f i c i e n t  i n fo rma t ion  t o  inc lude t h i s  i n  the  c a l c u l a t i o n  o f  
t h e  t o t a l  energy consumption. The group o f  houses w i t h  0.06 mm 
t h i c k  f o i l  does have a  s l i g h t l y  h igher  average t o t a l  e l e c t r i c i t y  
consumption (3% h igher )  than the  group o f  houses w i t h  0.15 mm 
t h i c k  f o i l .  

I n  order  t o  access the  cos t  e f fec t i vness  o f  us ing 0.15 mm t h i c k  
f o i l  r a t h e r  than 0.06 mm t h i c k  f o i l  t he  average a i r  i n f i l t r a t i o n  
r a t e s  f o r  t h e  two groups o f  houses need t o  be known. Work c a r r i e d  
o u t  p r e v i o u s l y  a t  NBI (see r e f . 1  used a computer programme 
c a l l e d  ENCORE t o  c a l c u l a t e  a  r e l a t i o n s h i p  between the  a i r t i g h t -  
ness and t h e  annual energy consumption f o r  v e n t i l a t i o n  of dwel- 
l i n g s .  Using meteorological  data f o r  a  standard year (1964) f o r  
Oslo the  p r e d i c t e d  energy l oss  over t he  heat ing  season due t o  i n -  
f i l t r a t i o n  f o r  an average dwe l l i ng  w i t h  d i f f e r e n t  values of a i r -  
t i gh tness  i s  shown i n  f i g u r e  9. From t h i s  graph i t  can be seen 
t h a t  t h e  use o f  0.15 mm f o i l  r a t h e r  than the  0.06 mm f o i l  r e s u l t s  
i n  a  r e d u c t i o n  i n  t he  ca l cu la ted  i n f j l t r a t i o n  heat l o s s  f o r  t h e  
heat ing  season ofaabout  300 kWh/100m . Thus f o r  the t e s t  house 
( f l o o r  area 260 m 1 t h e  saving i s  about 760 kwh. A t  a  c u r r e n t  
c o s t  o f  0.35 NoK/kWh t h e  energy costs a re  thus reduced by about 
270 N ~ K / y r . ~ C u r r e n t  p r i c f s  f o r  t he  0.15 mm and the  0.06 mm f o i l  
a re  2 NoK/m and 5  NoK/m respec t i ve l y .  This means t h a t  t he  a d i i -  
t i o n a l  c o s t  o f  us ing  0.15 mm t h i c k  f o i l  on a  t e s t  house (300 m 
t o t a l  f o i l )  i s  about 900 NoK . The add i t i ona l  cos t  f o r  t he  0.15 
mm t h i c k  f o i l  i s  thus recovered i n  approximately 3.5 years. 

Conclusions 

The r e s u l t s  from our study show t h a t  the  5  houses w i t h  0.06 mm 
po lye thy lene as the  vapour b a r r i e r  are on average 17  % more leaky 
than t h e  5 houses b u i l t  w i t h  0.15 mm f i l m .  The n values are  2.9 
ach and 3 .4  ach respec t i ve l y  5 0 

Af te r  f o u r  years the  m a j o r i t y  of the  houses were l ess  a i r t i g h t  
w i t h  the  houses w i t h  0.15 mm f i l m  showing an increase i n  n  
value o f  about 10% compared w i t h  an increase o f  about 7% f%F the  
houses w i t h  t h i n  f i l m .  The houses w i t h  t h i c k  f o i l  are thus now, 
on average, o n l y  10% more a i r t i g h t  than those w i t h  t h i n  f o i l .  



D i r e c t  comparison of the  2 sets o f  r e s u l t s  i s  however d i f f i c u l t  
because some of t he  owners have made changes t o  t h e i r  houses 
which cou ld  a f f e c t  the  a i r t i g h t n e s s .  Increased leakage may a l s o  
be due t o  thermal movement. 

The c u r r e n t  Norwegian Bu i l d ing  Regulat ions r e q u i r e  an n  value 
o f  n o t  more than 4 ach. The average f o r  the  houses i n  t l 8  study 
a t  3 . 2  ach was we l l  w i t h i n  the regu la t i ons .  This  leakage i s  actu-  
a l l y  low compared w i t h  other  measurements on new s i n g l e  f a m i l y  
houses and t h i s  i nd i ca tes  t h a t  the  nature o f  the p r o j e c t  and the  
e f f o r t s  t o  make a l l  the  p a r t i c i p a n t s  aware o f  a i r  t igh tness  may 
have i n f l uenced  the  r e s u l t s .  

The po lye thy lene sheet thickness d i d  n o t  a f f e c t  the  p o s i t i o n  of 
leaks i n  t h e  houses as f a r  as could be seen us ing  thermography. 
It a lso  had l i t t l e  e f f e c t  on the  b u i l d i n g  process and both t h i c k -  
ness were equa l l y  acceptable t o  the  cons t ruc t ion  workers. 

Only the  t o t a l  annual e l e c t r i c i t y  consumption o f  each o f  the  
houses was measured and t h i s  showed on ly  poor c o r r e l a t i o n  w i t h  
a i r t i g h t n e s s .  The average consumption f o r  t he  two groups of 
houses was s i m i l a r  w i t h  the houses w i t h  t h i c k e r  sheet having mar- 
g i n a l l y  lower consumption, bu t  the  i n d i v i d u a l  consumptions showed 
considerable spread (+15%).  

Using a  t h e o r e t i c a l l y  ca lcu la ted  r e l a t i o n s h i p  between a i r t i g h t -  
ness and energy consumption f o r  i n f i l t r a t i o n ,  the d i r e c t  payback 
pe r iod  f o r  t h e  t h i c k e r  polyethy lene sheet ing was ca l cu la ted  t o  be 
about 4 years ,  which i s  sho r t  compared w i t h  the  l i f e t i m e  of t he  
b u i l d i n g .  The change t o  0.15 mm t h i c k  polyethy lene sheet ing thus 
appears t o  be cos t  e f f e c t i v e .  
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F igu res  1 a and 1 b 
Views o f  t h e  t e s t  houses 
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Figure 1 c 
Ground f l o o r  p lan 

F igure I d 
Sect ion showing the timber frame wal l  construct ion 
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Figure 2 
E f f e c t  o f  f o i l  thickness on a i r  t ightness 
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Figure 3 
E f f e c t  o f  f o i l  thickness on a i r  t ightness 
comparison o f  1982 and 1986 measurements 



Figure  4 F igure  5 
Leak a t  a vapour b a r r i e r  j o i n t  Leak a t  a vapour b a r r i e r  
between a w a l l  and a s lop ing  j o i n t  i n  the r o o f  
r o o f  

F igure  6 F igu re  7 
Leak between a window and Leak between a wa l l  and an 
a wa l l  in te rmed ia te  f l o o r  



Figure 8 x 0.06 mm 
Total annual electricity consumption + 0.15 mm 
vs. a i r  tightness 

Figure 9 
Average annual infiltration energy loss vs. a i r  
tightness for housing in Oslo 
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