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WELL INSULATED AIRTIGHT BUILDINGS - DESIGN AND CONSTRUCTION 

by Arne Elmroth  
A s s .  P r o f .  

A new B u i l d i n g  Code c a m e ' i n t o  f o r c e  i n  Sweden on 1 s t  J a n u a r y  1977 
and c o n t a i n s  c o n s i d e r a b l y  more s t r i n g e n t  r e q u i r e m e n t s  c o n c e r n i n g  
t h e  t h e r m a l  i n s u l a t i o n  o f  b u i l d i n g s  and an  e n t i r e l y  new r e q u i r e -  
ments  d e a l i n g  w i t h  t h e  a i r t i g h t n e s s  o f  b u i l d i n g s .  It h a s  been 
shown t h a t  d e s i g n  and workmanship must b e  changed i f  t h e s e  r e q u i r e -  
ments  a r e  t o  b e  compl ied  w i t h .  T h i s  p a p e r  i l l u s t r a t e s  ways and 
means whereby t h e  new more s t r i n g e n t  r e q u i r e m e n t s  c o n c e r n i n g  a i r -  
t i g h t n e s s  and t h e r m a l  i n s u l a t i o n  c a n  b e  s a t i s f i e d .  For  example ,  
p r e s s u r e  t e s t s  showd t h a t  f o r  t h e  s e v e n  b u i l d i n g s  i n v e s t i g a t e d  
t h e  number o f  a i r  changes  p e r  h o u r  a t  a n  o v e r p r e s s u r e  o f  50 Pa 
v a r i e d  between 0,67 and 0 ,86 .  These  a r e  c o n s i d e r e d  t o  b e  v e r y  
low v a l u e s  f o r  t h a t  t y p e  of  b u i l d i n g .  The b u i l d i n g s  a r e  
m e c h a n i c a l l y  v e n t i l a t e d  by a n  e x h a u s t  a i r  sys tem.  Measurements 
have  shown t h a t  v e n t i l a t i o n  r a t e  i s  a l m o s t  e n t i r e l y  governed by 
t h e  e x h a u s t  f a n .  T h e o r e t i c a l  c a l c u l a t i o n s  a l s o  show t h a t  t h e  
v e n t i l a t i o n  i n  a i r t i g h t  b u i l d i n g s  i s  i n d e p e n d e n t  o f  wind v e l o c i t y  
under  6 - 8  m / s .  I n  permeable  h o u s e s ,  on t h e  o t h e r  h a n d ,  t h e  . 
v e n t i l a t i o n  i n c r e a s e s  r a p i d l y  a s  wind v e l o c i t y  i n c r e a s e s .  

Measurements i n d i c a t e  t h a t  t h e  a n n u a l  ene rgy  consumpt ion o f  t h e  
house  c o n s i d e r e d  w i l l  b e  a b o u t  1 8  0 0 0  kwh i n  t h e  Stockholm 
c l i m a t e ,  w h i l e  t h a t  f o r  comparable  h o u s e s  e r e c t e d  a t  t h e  b e g i n n i n g  
o f  t h e  s e v e n t i e s  i s  around 26 - 28 000 kwh. These  r e s u l t s  t h u s  
i n d i c a t e  t h a t  t h e  improved t h e r m a l  i n s u l a t i o n  and b e t t e r  a i r -  
t i g h t n e s s  r e s u l t s  u n d e r  normal c o n d i t i o n s  i n  a n  a n n u a l  ene rgy  
s a v i n g  o f  some 8  - 1 0  0 0 0  kwh. 
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D i v i s i o n  o f  B u i l d i n g  Technology 
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WELL INSULATED A I R T I G H T  BUILDINGS - DESIGN AND CONSTRUCTION 

Background 

I n  Sweden, s p e c i f i c a t i o n s  c o n c e r n i n g  t h e r m a l  i n s u l a t i o n  and 

a i r t i g h t n e s s  o f  b u i l d i n g s  a r e  c o n t a i n e d  i n  t h e  Swedish B u i l d i n g  

Code. I n  p r e v i o u s  c o d e s  s p e c i f i c a t i o n s  p e r t a i n i n g  t o  t h e r m a l  

i n s u l a t i o n  were main ly  based on h y g i e n i c  and comfor t  r e q u i r e m e n t s  

t o  p r o v i d e  a c c e p t a b l e  i n d o o r  c l i m a t e .  sowever ,  b o t h  i n  t e r m s  o f  

economic a s  w e l l  a s  t h e  energy  c o n s e r v a t i o n  p o l i c y  t h e  i n s u l a t i o n  

p r o v i d e d  exceeded the  minimum r e q u i r e m e n t s  o f  t h e  b u i l d i n g  code.  

I n  1 9 7 5 ,  a n  energy  p o l i c y  d e c i s i o n  was t a k e n  i n  Sweden i n  a n  

a t t e m p t  t o  r e d u c e  e n e r g y  consumption.  To r e a l i z e  t h i s ,  among 

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

was t o  be  reduced  on t h e  a v e r a g e  by 0 , 9  % a n n u a l l y  up t o  1985.  

A s  a  r e s u l t  o f  t h i s  e n e r g y  p o l i c y  d e c i s i o n ,  new s p e c i f i c a t i o n s  

c o n c e r n i n g  t h e  energy  management i n  b u i l d i n g s  were drawn up. 

They come i n t o  f o r c e  on J a n u a r y  1 s t  1977,  c o n t a i n i n g  c o n s i d e r a b l y  

more s t r i n g e n t  r e q u i r e m e n t s  c o n c e r n i n g  t h e  t h e r m a l  i n s u l a t i o n  

o f  b u i l d i n g s  a s  w e l l  a s  e n t i r e l y  new r e q u i r e m e n t s  p e r t a i n i n g  t o  

t h e  a i r t i g h t n e s s  of  b u i l d i n g s .  

I n  t h e  Swedish B u i l d i n g  Code, SBN 7 5 ,  t h e  h i g h e s t  p e r m i t t e d  

v a l u e s  f o r  t h e r m a l  t ~ a n s m i t t a n c e  ( k - v a l u e s )  a r e  s p e c i f i e d  f o r  

d i f f e r e n t  components o f  a b u i l d i n g .  These v a r y  depending on 

t h e  g e o g r a p h i c a l  l o c a t i o n  o f  t h e  b u i l d i n g  a s  w e l l  a s  on t h e  

t e m p e r a t u r e  t o  which t h e  p r e m i s e s  a r e  t o  be  h e a t e d .  T a b l e  1  

g i v e s  examples o f  t h e  h i g h e s t  p e r m i s s i b l e  k -va lues  f o r  b u i l d i n g  
0 

components e n c l o s i n g  p remises  which a r e  t o  be h e a t e d  t o  18 C o r  

more. Tempera ture  zone I + I1 i n c l u d e s  n o r t h e r n s  Sweden, 

e n t a i l i n g  sorrlewhat more s t r i n g e n t  pequiFements  thari  t h o s e  f o r  

zone I11 + I V  c o v e r i n g  s o u t h e r n s  Sweden. Space which i s  t o  be 

h e a t e d  t o  t e m p e r a t u r e s  above 1 8  O C  i s  c o n s i d e r e d  t o  i n c l u d e  



d w e l l i n g s ,  o f f i c e s ,  s c h o o l s  and s h o p s .  The Code a l s o  c o n t a i n s  

r u l e s  l i m i t i n g  t h e  p e r m i s s i b l e  window a r e a .  

T a b l e  1 .  Maximum p e r m i t t e d  t h e r m a l  t r a n s m i t t a n c e  c o e f f i c i e n t s  

( k - v a l u e s ) ,  w / m 2  O C  f o r  b u i l d i n g  components  f o r  rooms 
0 i n t e n d e d  t o  b e  h e a t e d  t o  t e m p e r a t u r e s  h i g h e r  t h a n  + I 8  C 

B u i l d i n g  Component Requi rement  i n  t e m p e r a t u r e  zone 

D e s c r i p t i o n  I + I1 I11 + I V  

Walls d i r e c t l y  a g a i n s t  t h e  
open  a i r  o r  t h r o u g  e a r t h  
t o  t h e  open a i r  

Roofs  o r  a t t i c  f l o o r s  and 
r o o f  above  f a c i n g  t h e  open a i r  

F l o o r  c o n s t r u c t i o n  above  
c r a w l e  s p a c e  

F l o o r  s t r u c t u r e  on ground 0 ,30  0 ,30  

Non-glazed p o r t i o n s  o f  d o o r s  
( i n c l u d i n g  f r a m e )  

Windows . 2 , O O  2 , O O  

Fo r  p r e m i s e s  which a r e  t o  be  h e a t e d  t o  t e m p e r a t u r e s  n o t  e x c e e d i n g  

1 8  O C ,  t h e  k - v a l u e s  s p e c i f i e d  i n  t h e  t a b l e  may be exceeded .  The 

k - v a l u e s  may a l s o  b e  e x c e e d e d ,  w i t h i n  c e r t a i n  s p e c i f i e d  l i m i t s ,  

f o r  i n d i v i d u a l  components  o f  a b u i l d i n g  p r o v i d e d  it c a n  b e  shown 

t h a t  t h e  t o t a l  e n e r g y  consumpt ion  o f  t h e  b u i l d i n g  i s  t h e r e b y  

n o t  i n c r e a s e d .  I n  o t h e r  words ,  i f  t h e  t h e r m a l  i n s u l a t i o n  o f  one  

p a r t  o f  a b u i l d i n g  i s  r e d u c e d ,  t h i s  must  be  compensated by a  

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

A l a r g e  p r o p o r t i o n  o f  t h e  e n e r g y  consumed i n  b u i l d i n g s  i s  used  

f o r  t h e  h e a t i n g  o f  t h e  v e n t i l a t i o n  a i r .  I n  a n  a t t e m p t  t o  r e d u c e  

t h e  t o t a l  number o f  a i r  c h a n g e s ,  SBN 7 5 ,  e s t a b l i s h e d  r e q u i r e m e n t s  

f o r  a i r t i g h t n e s s .  These  a r e  s p e c i f i e d  f o r  d i f f e r e n t  b u i l d i n g  

components  i n  t e r m s  of  t h e  maximum p e r m i s s i b l e  i n f i l t r a t i o n  a t  

v a r i o u s  o v e r  and u n d e r  p r e s s u r e s ,  



T a b l e  2 .  Maximum p e r m i t t e d  a i r - l e a k a g e  m 3 / m 2  h  

B u i l d i n g  components P r e s s u r e  B u i l d i n g :  number o f  
d i f f e r e n c e  s t o r e y s  
Pa 

1-2 3-8 8 

E x t e r n a l  w a l l s  

E x t e r n a l  windows and 
d o o r s  ( r e l a t e s  t o  
a b s e n c e  o f  l e a k a g e  
i n  t h e  gap between 
f rame and window 
l i n t e l  o r  d o o r )  

Roof and f l o o r  i n  
c o n t a c t  w i t h  t h e  open 
a i r  o r  f l o o r  i n  c o n t a c t  
w i t h  v e n t i l a t e d  room 50  0 3 2  0 9 1  0 31 

The r e q u i r e m e n t s  i n  t h i s  t a b l e  r e l a t e  o n l y  t o  i n f i l t r a t i o n  t h r o u g h  

t h e  a c t u a l  b u i l d i n g  components i n c l u d i n g  j o i n t s  which a r e  a  p a r t  

t h e r e o f .  

The a i r t i g h t n e s s  of  t h e  completed b u i l d i n g  i s  t o  b e  d e t e r m i n e d  

by means of  a  s p e c i a l  p r e s s u r e  t e s t  i n  which t h e  t o t a l  number 

o f  a i r  changes  i s  d e t e r m i n e d  a t  a  p r e s s u r e  d i f f e r e n c e  o f  5 0  Pa.  

According t o  t h e  recommendations g i v e n  i n  S B N  7 5 ,  t h e  number o f  

a i r  changes  shou ld  n o t  exceed t h e  v a l u e s  s p e c i f i e d  i n  T a b l e  3 .  

A f t e r  a  t r a n s i t i o n a l  p e r i o d  which ends  on 1 s t  J u l y  1 9 7 8 ,  t h e  

h i g h e s t  p e r m i t t e d  number of  a i r  changes  i s  r e d u c e d .  

T a b l e  3 .  Maximum p e r m i t t e d  number o f  a i r  changes  i n  a  comple ted  

b u i l d i n g  

1  J u l y  77 - A f t e r  
30 J u n e  78 1  J u l y  7 8  
change /h  change /h  

Detached house  o r  
l i n k e d  house  435 3 30 

Other  b u i l d i n g  o f  
a t  l e a s t  2 s t o r e y s  

B u i l d i n g  of  3 o r  
more s t o r e y s  



A s  a l r e a d y  ment ioned ,  t h e  r e q u i r e m e n t s  c o n c e r n i n g  a i r  i n f i l t r a t i o n  

a r e  new. The v a l u e s  f o r  t h e  t r a n s i t i o n  p e r i o d  up t o  3 0  J u n i  1 9 7 8  

have  been s p e c i f i e d  keep ing  i n  mind t h e  s t a n d a r d s  which c o u l d  be  

a c h i e v e d  t o  d a t e  i n  a  w e l l  c o n s t r u c t e d  b u i l d i n g  employing t e c h n i -  

ques  which do no r e q u i r e  s p e c i a l  p r o v i s i o n s  f o r  a i r t i g h t n e s s  o r  

s p e c i a l  d e s i g n  p r o c e d u r e s .  

I n v e s t i g a t i o n s  have shown t h a t  o n l y  a  s m a l l  p r o p o r t i o n  o f  hous ing  

p r o d u c t i o n  conforms t o  t h e  more s t r i n g e n t  r e q u i r e m e n t s  r e g a r d i n g  

a i r t i g h t n e s s .  Both d e s i g n  as w e l l  a s  workmanship must t h e r e f o r e  

be changed i f  t h e  more s t r i n g e n t  r e q u i r e m e n t s  a r e  t o  be s a t i s f i e d .  

The main r e a s o n s  f o r  i n c r e a s i n g  t h e  a i r t i g h t n e s s  o f  b u i l d i n g s  

a r e  s e t  o u t  below. Examples a r e  a l s o  g i v e n  o f  c o n s t r u c t i o n  methods 

which meet s t r i n g e n t  r e q u i r e m e n t s  c o n c e r n i n g  a i r t i g h t n e s s  and 

good t h e r m a l  i n s u l a t i o n .  F i n a l l y ,  c l i m a t i c  c o n d i t i o n s  - main ly  

v e n t i l a t i o n  - and e n e r g y  consumption i n  w e l l  i n s u l a t e d  a i r t i g h t  

b u i l d i n g s  w i l l  be a n a l y s e d .  

The Reasons f o r  t h e  C o n s t r u c t i o n  of  A i r t i g h t  B u i l d i n g s  

I n  w e l l  i n s u l a t e d  b u i l d i n g s  a b o u t  3 0  - 4 0  % o f  t h e  e n e r g y  consumed 

i s  used  t o  h e a t  t h e  v e n t i l a t i o n  a i r .  From t h e  p o i n t  o f  view o f  

e n e r g y  c o n s e r v a t i o n ,  it i s  of  i n t e r e s t  t o  s t u d y  ways whereby t h e  

energy  consumed by v e n t i l a t i o n  can  be  r e d u c e d .  T h i s  can  b e  

a c h i e v e d  i n  two ways: t h e  number o f  a i r  changes  can  be reduced  

a n d / o r  a  h e a t  r e c o v e r y  u n i t  can  be b u i l t  i n t o  t h e  v e n t i l a t i n g  

sys tem.  Many b u i l d i n g s  have  n a t u r a l  v e n t i l a t i o n  and depend on 

a c e r t a i n  amount o f  a i r  l e a k a g e .  I n  such  c a s e s  v e n t i l a t i o n  i s  

t h u s  p r i m a r i l y  governed by t h e  e x t e r n a l  c l i m a t e  and n o t  by t h e  

need f o r  f r e s h  a i r ,  b e i n g  g r e a t e s t  i n  t h e  w i n t e r  when it i s  

c o l d .  A n a t u r a l  v e n t i l a t i o n  sys tem i s  t h u s  u n c o n t r o l l e d  w i t h  

v e n t i l a t i o n  l a r g e l y  l e f t  t o  c h a n c e .  I n  o r d e r  t o  b e t t e r  c o n t r o l  

v e n t i l a t i o n ,  mechan ica l  e x h a u s t  v e n t i l a t i o n  h a s  been i n t r o d u c e d .  

However, f o r  such sys tems  t o  work i n  a  s a t i s f a c t o r y  manner,  it 

i s  e s s e n t i a l  t h a t  u n c o n t r o l l e d  o r  u n i n t e n t i o n a l  a i r  l e a k a g e  

i n t o  t h e  b u i l d i n g  b e  s m a l l .  I t  must t h u s  b e  p o s s i b l e  t o  c o n t r o l  

. t h e  i n f l o w  o f  a i r .  



U n i n t e n t i o n a l  and u n c o n t r o l l e d  v e n t i l a t i o n  o f  a b u i l d i n g  r e s u l t s  

in ,  a n  i n c r e a s e  o f  t h e  e n e r g y  needed fbr  h e a t i n g .  The r e a s o n s  a re  

as f o l l o w s :  

a) t h e  o u t s i d e  a i r ' m u s t  b e  h e a t e d  t o  room t e m p e r a t u r e ,  

b )  a i r  l e a k a g e  may l e a d  t o  d r a u g h t s .  To compensa t e  f o r  t h e  

r e s u l t i n g  d i s c o m f o r t  room t e m p e r a t u r e  mus t  b e  r a i s e d ,  which  

i n  t u r n  r e s u l t s  i n  h i g h e r  e n e r g y  l o s s e s ,  

C )  u n c o n t r o l l e d  i n f i l t r a t i o n  may c o o l  down t h e  i n s i d e  s u r f a c e s  

o f  t h e  b u i l d i n g  e n v e l o p e ,  c a l l i n g  f o r  h i g h e r  room t e m p e r a t u r e  

t o  compensa t e  f o r  t h e  l a c k  o f  c o m f o r t  d u e  t o  t h e  c o l d  s u r f a c e s  

and  

d )  a i r f low t h r o u g h  t h e  t h e r m a l  i n s u l a t i o n  w i l l  deminisl.1 i t s  

e f f e c t i v e n e s s .  

I n  a i r t i g h t  b u i l d i n g s  t h e  c o n t r o l  o f  v e n t i l a t i o n  Is l a r g e l y  

i n d e p e n d e n t  o f  t h e  e x t e r n a l  c l i m a t e .  T h i s  means t h s t  t h e  

d e s i r e d  a i r  q u a l i t y  c a n  be  s e t  and  m a i n t a i n e d  r e g a r d l e s s  o f  t h e  

e x t e r n a l  c l imate.  F o r  s y s t e m s  w i t h  h e a t  r e c o v e r y  f r o m  t h e  

v e n t i l a t i o n  a i r ,  it i s  e s s e n t i a l  t h a t  t h e  b u i l d i n g  b e  a i r t i g h t  

if t h e  s y s t e m  i s  t o  f u n c t i o n  i n  a s a t i s f a c t o r y  manner  and  i t s  

f u l l  economic  p o t e n t i a l  be r e a l i z e d .  

Des ign  f o r  A i r t i g h t n e s s  

C a r e f u l  d e t a i l i n g  d u r i n g  t h e  d e s i g n  p r o c e s s  i s  e s s e n t i a l  i f  

b u i l d i n g s  a r e  t o  be  a i r t i g h t .  ?!oreover ,  t h i s  w i l l  a l s o  g r e a t l y  

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

d e t a i l s  b e  d e v e l o p e d  f o r  j u n c t i o n s  be tween  e x t e r n a l  and  i n t e r n a l  

w a l l s ,  a t  t h e  s i l l ,  be tween  e x t e r n a l  w a l l s  and  t h e  a t t i c  f l o o r ,  

be tween  e x t e r n a l  w a l l s  and t h e  a t t i c  c e i l i n g  as  w e l l  as j o i n t s  

a r o u n d  windows a n d ,  l a s t  b u t  n o t  l e a s t ,  f o r  p o i n t s  where  s e r v i c e s  

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

t h e  b u i l d i n g  e n v e l o p e .  

Some o f  t h e  most  common c a u s e s  f o r  t h e  l a c k  o f  a i r t i g h t n e s s  c a n  

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



d r a w i n g s  ( t h e  way i n  which  j u n c t i o n s  a r e  t o  be  made a i r t i g h t  i s  

n o t  s p e c i f i e d ) ,  wrong work ing  s e q u e n c e s  on t h e  s i t e ,  s u b s t a n d a r d  

s e a l a n t s  and  poor  workmanship,  and  f a r  t o o  many and  i n c o r r e c t l y  

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

Depending on m a t e r i a l s  and  c o n s t r u c t i o n  d e t a i l s ,  t h e r e  a r e  a  

number o f  ways i n  which  a  b u i l d i n g  c a n  b e  made a i r t i g h t .  T a b l e  4 

o u t l i n e s  c o n c e i v e a b l e  ways whereby a i r t i g h t n e s s  c a n  be  a c h i e v e d .  

The a p p r o a c h  c h o s e n  s h o u l d  be  a p p l i e d  as  c o n s i s t e n t l y  as  p o s s i b l e  

o v e r  t h e  e n t i r e  b u i l d i n g  e n v e l o p e .  T h i s  means t h a t  n o t  o n l y  

t h e  w a l l s  and  r o o f s  mus t  con fo rm t o  t h i s  p r i n c i p l e ,  b u t  t h a t  it 

must  a l s o  b e  c a r r i e d  o u t  c o n s i s t e n t l y  a t  a l l  j o i n t s  and  

c o n n e c t i o n s .  

T a b l e  4 .  The main p r i n c i p l e s  f o r  t h e  d e s i g n  and  p l a c e m e n t  o f  

a i r t i g h t  l a y e r s  i n  s t u c t u r e s  

C o n s t r u c t i o n  p r i n c i p l e  Advan tages  Drawbacks 

I n t e r n a l  a i r t i g h t  c l a d d i n g ,  makes u s e  o f  t h e  t h e  l a y e r  i s  
e .  g .  p l a s t e r b o a r d  p r o p e r t i e s  o f  u n p r o t e c t e d  

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

j o i n t s  mus t  be  
can be checked c a r e f y l l y  s e a l e d  and  r e p a i r e d  
r e l a t i v e l y  s e n s i t i v e  t o  move- 
e a s i l y  ment  and  c o n s e q u e n t  

c r a c k i n g  
- 

I n t e r n a l  a i r t i g h t  l a y e r  t h e  v a p o u r  c e r t a i n  c o n s t r u c t i o r  
( p o l y e t h y l e n e  s h e e t  + b a r r i e r  c a n  d e t a i l s  a r e  d i f f i -  

n a t u r a l l y  a l s o  c u l t  t o  d e a l  w i t h  
b e  u s e d  as a i r -  
t i g h t  l a y e r  n e e d s  a c c u r a c y  i n  

l a p p i n g  
s h e e t s  o f  l a r g e  

p e n e t r a t i o n s  f o r  s i z e  c a n  be  u s e d  services lead to  

L prob lems  



- 

Recessed  a i r t i g h t  l a y e r  t h e  a i r t i g h t  unknown r i s k  o f  
( f e l t ,  p o l y e t h e l e n e  s h e e t )  l a y e r  i s  p r o t e c -  damage a t  h i g h  RH 

t e d  f rom mechan- and low o u t s i d e  
i c a l  damage t e m p e r a t u r e s  

e l e c t r i c a l  i n s t a l - e f f e c t  o f  j o i n e r y  
l a t i o n s  p o s s i b l e  and f u r n i t u r e  on  
w i t h o u t  damage m o i s t u r e  c o n d i t i o n s  
t o  a i r t i g h t  l a y e r  a t  a i r t i g h t  l a y e r ,  

e s p e c i a l l y  a t  o u t -  
chance of s i d e  c o r n e r s ,  a c h i e v i n g  h i g h  unknown d e g r e e  o f  a i r -  

t i g h t n e s s  r e q u i r e s  a d o u b l e  
s t u d  w a l l  

E x t e r n a l  a i r 7 t i g h t  
l a y e r  ( w i n d p r o o f i n g )  

e a s y  t o  a p p l y  

t h e  a i r t i g h t  
p r o p e r t i e s  o f  
t h e  w indproof  

g r e a t  r i s k  t h a t  a i r -  
t i g h t n e s s  i s  s o  
g r e a t  t h a t  t h e r e  
w i l l  b e  c o n d e n s a t i o r  

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

r i s k  o f  darnage 
d u r i n g  c o n s t r ~ u c t  i o n  

m a t e r i a l  must  h a v e  
h i g h  d e g r e e  o f  
w e a t h e r  r e s i s t a n c e  

p l a c e s  h i g h  dema.nds 
on e x t e r n a l  v a p o u r  
b a r r i e r  

Combina t ion  o f  i n t e r n a l  
and  e x t e r n a l  a i r t i g h t  
l a y e r  

d o u b l e  s a f e t y  a d o u b l e  a i r t i g h t  
l a y e r  i s  uneconomi- 
c a l  

a n  a r i t i g h t  wind-  
p r o o f  l a y e r  may 
c a u s e  m o i s t u r e  
damage 

Homogeneous c o n s t r u c t i o n s ,  s i m p l e  l i m i t e d  c h o i c e  o f  
e .  g .  g a s  c o n c r e t e  m a t e r i a l s  

j u n c t i o n  d e t a i l s  
must  b e  d e s i g n e d  
s e p a r a t e l y  

a l l  p a r t s  o f  t h e  
b u i l d i n g  s h o u l d  be  
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 
s y s t e m ,  a n d  t h i s  
r e s t r i c t s  t h e  c h o i c ~  
o f  method and 
m a t e r i a l  

-- 



Examples o f  Design S o l u t i o n s  f o r  Detached Houses 

To i l l u s t r a t e  ways and means whereby a i r t i g h t n e s s  c a n  be a c h i e v e d  

t h e  d e s i g n ,  c o n s t r u c t i o n  and e v a l u a t i o n  of  s i n g l e  f a m i l y  d w e l l i n g s  

i n  a  Stockholm suburb  w i l l  be c o n s i d e r e d .  The 1 1 / 2  s t o r e y  

d w e l l i n g s  were b u i l t  t o  comply w i t h  SBN 75. 

The p r i n c i p l e  adop ted  d u r i n g  d e s i g n  was t h a t  t h e  i n t e r n a l  vapour  

b a r r i e r  c o n s i s t i n g  o f  p o l y e t h y l e n e  s h e e t  be a p p l i e d  c o n s i s t e n t l y  

t o  p r o v i d e  a n  impermeable enve lope .  The g o a l  was t o  a c h i e v e  a  

l e v e l  o f  a i r t i g h t n e s s  exceed ing  t h a t  s p e c i f i e d  by SBN 7 5 .  

Genera l  D e s c r i p t i o n  o f  t h e  B u i l d i n g s  -- 

The s t u d y  comprised seven  bungalows w i t h  a t t i c  s t o r e y s ,  e a c h  
2 h a v i n g  a  f l o o r  a r e a  o f  1 3 8  m . The f o u n d a t i o n s  c o n s i s t  o f  c o n c r e t e  

s l a b s  on ground w h i l e  t h e  wood-frames a r e  l o a d b e a r i n g .  Wood 

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

c o r r u g a t e d  m e t a l  d e c k i n g .  

The c o n c r e t e  s l a b  i s  l a i d  on a  f i l l  o f  b l a s t e d  r o c k  c o v e r e d  w i t h  

a  c a p i l l a r y  b r e a k i n g  l a y e r  o f  c r u s h e d  r o c k .  The f rame  i s  made up  

o f  a  d o u b l e  s t u d  s y s t e m ,  w i t h  t h e  v e r t i c a l  s t u d s  on t h e  i n s i d e  

and t h e  h o r i z o n t a l  o n e s  on t h e  o u t s i d e .  A l l  f r aming  lumber was 

p r e - c u t  t o  a  h i g h  t o l e r a n c e .  The w a l l  f rame s e c t i o n s  were 

assembled on t h e  c o n c r e t e  s l a b  and one by one t i l t e d  i n t o  p o s i t i o n .  

The r o o f  t r u s s e s  were assembled on t h e  s i t e  i n  a  t e m p l a t e  and 

l i f t e d  i n t o  p l a c e .  The h o r i z o n t a l  s t u d s  a s  w e l l  a s  t h e  d o o r s  and 

windows were t h e n  a t t a c h e d .  The s t u d  sys tems  were c a r e f u l l y  

d e s i g n e d  t o  m a i n t a i n  a  6 0  cm s t u d  s p a c i n g  t h r o u g h o u t .  T h i s  made i - t ,  

t o  a  v e r y  l a r g e  e x t e n t ,  p o s s i b l e  t o  u s e  s t a n d a r d  s i z e s  o f  i n s u l a -  

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

f a c i l i t a t i n g  t h e  achievement  o f  good workmanship. 

M i n e r a l  wool f o r  t h e r m a l  i n s u l a t i o n  was p r o v i d e d  i n  t h e  t h i c k -  

n e s s e s  o f :  10  + 5 cm f o r  t h e  e x t e r i o r  w a l l s ,  1 9 , 5  c m  f o r  t h e  

s l c ~ p i n g  p a r t s  of  t h e  a t t i c  r o o f ,  1 9 , 5  + 5 c m  f o r  t h e  a t t i c  

c e i l i n g  and 10 crn on t h e  f l o o r  s l a b .  Roof i n s u l a t i o n  was a p p l i e d  

from t h e  i n s i d e , m a k i n g  j.t p o s s i b l e  t o  p r o v i d e  wea the r  p r o t e c t i o n  



t o  t h e  b u i l d i n g  and  e s p e c i a l l y  t h e  i n s u l a t i o n s m a t e r i a l  a t  a n  

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

b o a r d  c o v e r e d  w i t h  n a i l i n g  s t r i p s  and c o r r u g a t e d  m e t a l  d e c k i n g .  

I n s u l a t i o n  be tween  t h e  h o r i z o n t a l  s t u d s  i n  t h e  e x t e r n a l  walls 

was a p p l i e d  f rom t h e  o u t s i d e  and  c o v e r e d  w i t h  a windproof  l a y e r  o f  

s h e a t h i n g  f e l t .  The s l o p i n g  r o o f  was i n s u l a t e d  f rom t h e  i n s i d e ,  

w h i l e  t h e  a t t i c  c e i l i n g  was i n s u l a t e d  f rom t h e  t o p  a f t e r  t h e  

p o l y e t h y l e n e  s h e e t  v a p o u r  b a r r i e r  and  s t r a p p i n g  had been  a p p l i e d .  

The v a p o u r  b a r r i e r  w a s  a p p l i e d  f i r s t  t o  t h e  g a b l e  w a l l s  o f  t h e  

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

t o  t h e  walls  on t h e  ground f l o o r .  

Ch ipboa rd  on  t h e  g a b l e  w a l l s ,  and  p l a s t e r b o a r d  i n  t h e  r e m a i n i n g  

l o c a t i o n s  was u s e d  f o r  i n t e r n a l  w a l l  c o v e r i n g .  The c h i p b o a r d  a l s o  

s e r v e s  a s  wind b r a c i n g .  

The f l o o r  on  t h e  s l a b  on  g r a d e  c o n s i s t s  o f  c h i p b o a r d  s h e e t s  o r  

l a m i n a t e d  o a k  b o a r d s  l a i d  on wooden s l e e p e r s  w i t h  i n t e r m e d i a t e  

m i n e r a l  wool  i n s u l a t i o n .  A p o l y e t h y l e n e  s h e e t  was f i r s t  l a i d  

down t o  c o v e r  t h e  c o n c r e t e  s l a b .  

C o n s t r u c t i o n  D e t a i l s  

Some d e t a i l s  which r e q u i r e  a g r e a t  d e l  o f  a t t e n t i o n  d u r i n g  d e s i g n  

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

i n  FIG 1 .  

E x t e r n a l  Wal l  - Ground F l o o r  

C o m p l a i n t s  a b o u t  d r a u g h t s  a t  t h e  f l o o r  and  c o l d  f l o o r s  a r e  common. 

T h i s  i s  o f t e n  d u e  t o  f a u l t y  c o n s t r u c t i o n  o f  t h e  j u n c t i o n  be tween  

t h e  w a l l  and  t h e  f l o o r .  I n  o r d e r  t o  a v o i d  t h i s ,  t h e  s i l l  must  b e  

made a i r t i g h t ,  and t h e  i n n e r  and  o u t e r  a i r t i g h t  l a y e r s  mus t  b e  

a p p l i e d  p r o p e r l y .  

I n  t h i s ' e x a m p l e ,  a s e a l i n g  s t r i p  o f  EPDM r u b b e r  was l a i d  on t h e  

s t e e l  f l o a t e d  c o n c r e t e  s u r f a c e .  The s i l l  was t h e n  p l a c e d  i n  t h e  



FIG 1 .  C o n n c e t i o n  and  j o i n t  d e t a i l s  t o  which  a  g r e a t  d e a l  o f  
a t t e n t i o n  mus t  b e  p a i d  i n  o r d e r  t o  a c h i e v e  s a t i s f a c t o r y  
a i r t i g h t n e s s .  

1 E x t e r n a l  w a l l  - ground  f l o o r  

2 L o a d b e a r i n g  p a r t i t i o n  - g a b l e  w a l l / a t t i c  f l o o r  

3 A t t i c  r o o f  - s l o p i n g  r o o f  

4 Eaves  

5 J o i n t s  a r o u n d  windows 

6 J o i n t s  a r o u n d  windows i n  t h e  r o o f  

7 P e n e t r a t i o n s  f o r  s e r v i c e s  

c o r r e c t  p o s i t i o n  and  f i x e d  t o  t h e  c o n c r e t e  w i t h  e x p a n s i o n  b o l t s .  

The w a l l  f r a m e  was t h e n  t i l t e d  i n t o  p o s i t i o n .  

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

t h o u g h t  o u t .  T h r e e  components  a r e  u s e d  t o  a c h i e v e  a r i t i g h t n e s s :  

1 a c o n t i n u o u s  windproof  l a y e r  o f  s h e a t h i n g  f e l t  i s  c a r r i e d  

o v e r  t h e  s i l l  and  down o n t o  t h e  edge  o f  t h e  f l o o r  s l a b ,  

a  s e a l i n g  s t r i p  o f  EPDM r u b b e r  i s  clamped u n d e r n e a t h  t h e  

s i l l  and 

a n  i n n e r  a i r t i g h t  l a y e r  o f  p o l y e t h y l e n e  s h e e t  i s  a p p l i e d .  

The p o l y e t h y l e n e  s h e e t s  on t h e  w a l l  and  f l o o r  b e i n g  o v e r -  

l a p p e d  and t a p e d .  



FIG 2 .  J u n c t i o n  between t h e  e x t e r n a l  w a l l  and t h e  ground f l o o r  

1  50 x 50 mm p r e s s u r e  impregnated  b a t t e n  

2 50 mrn m i n e r a l  wool 

3 s h e a t h i n g  f e l t  

4 s e a l i n g  s t r i p  o f  EPDM r u b b e r  u n d e r  t h e  s i l l  

5  5 mrn " S t e n i  i n t e r i o r "  g l a s s f i b r e  r e i n f o r c e d  c o n c r e t e  

6 4 8  x 160 mrn s i l l  

7  0 , 2 0  mm t r a n s p a r e n t  p o l y e t h y l e n e  s h e e t  vapour  B a r r i e r  

8 100 mm m i n e r a l  wool 

9 2 2  rnm f l o o r  g r a d e  c h i p b o a r d  o r  2 2  mm l a m i n a t e d  oak board:  

1 0  4 5  x 9 5  mrn s l e e p e r s  

I 1  100 mm wide s t r i p  of  1 2 , 7  mm a s p h a l t - i m p r e g n a t e d  wood 
f i b r e  board  

T h i s  d e t a i l  i s  r e l a t i v e l y  e a s y  t o  comple te  y h i l e  t h e  r i s k  of 

f a i l u r e  i minimized.  

I n  o r d e r  t h a t  t h i s  s o l u t i o n  f u n c t i o n  a s  i n t e n d e d  it i s  e s s e n t i a l  

t h a t  t h e  c o n c r e t  be p l a c e d  w i t h  r e a s o n a b l e  c a r e ,  s t e e l  t r o w e l  

f i n i s h i n g  b e i n g  u s u a l l y  r e q u i r e d .  It  h a s  been found t h a t  i t  

i s  p o s s i b l e  t a  a c h i e v e  t h e  r e q u i r e d  d e g r e e  o f  a c c u r a c y  w i t h  

t h i s  d e t a i l .  



L o a d b e a r i n g  P a r t i t i o n ,  A t t i c  F l o o r  - Gable  Wal l  

P r e p a r a t i o n s  a r e  made d u r i n g  e r e c t i o n  o f  t h e  f r a m e  f o r  a p p l i c a t i o n  

o f  - the  v a p o u r  b a r r i e r  by p l a c i n g  s t r i p s  o f  p o l y e t h y l e n e  s h e e t  

u n d e r n e a t h  t h e  l o a d b e a r i n g  p a r t i t i o n  w a l l ,  b e tween  t h e  l o a d  

b e a r i n g  p a r t i t i o n  w a l l  and  t h e  g a b l e  w a l l ,  and  be tween  t h e  g a b l e  

w a l l  and  t h e  a t t i c  f l o o r  ( s e e  FIG 3 ) .  These  s t r i p s  make it 

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

T h e s e  s t r i p s  s h o u l d  b e  a b o u t  6 0  c m  w ide  t o  p r o v i d e  s u f f i c i e n t  

o v e r l a p .  

FIG 3 .  D u r i n g  e r e c t i o n  o f  t h e  f r a m e  s t r i p s  o f  p o l y e t h y l e n e  

s h e e t  v a p o u r  b a r r i e r  a r e  p l a c e d  u n d e r n e a t h  t h e  l o a d -  

b e a r i n g  p a r t i t i o n  w a l l ,  be tween  t h e  l o a d b e a r i n g  p a r t i t i o n  

w a l l  and t h e  g a b l e  w a l l  as w e l l  as be tween  t h e  g a b l e  w a l l  

and  t h e  a t t i c  f l o o r .  

F i g u r s  4 and  5 show d e t a i l s  o f  - the  j u n c t i o n s  be tween  t h e  l o a d -  

b e a r i n g  p a r t i t i o n  w a l l  and  g a b l e  w a l l ,  and  be tween  t h e  g a b l e  

w a l l  and t h e  a t t i c  f l o o r .  The s t r i p s  o f  p o l y e t h y l e n e  s h e e t  a r e  

a p p l i e d  d u r i n g  t h e  e r e c t i o n  o f  t h e  frame. 

E r e c t i o n  o f  t h e  f r a m e  and a p p l i c a t i o n  o f  t h e  p o l y e t h y l e n e  s h e e t  

t o  w a l l s  and  c e i l i n g s  t a k e  p l a c e a t  d i f f e r e n t  s t a g e s .  A s  t h e  

f r a m e  i s  e r e c t e d  a t  a f a s t  p a c e ,  i - t  i s  e a s y  t o  f o r g e t  t o i n s t a l l  

t h e  above  men t ioned  p o l y e - t h y l e n c  s t r i p s .  I n  o r d e r  t o  p r e v e n t  t h i s ,  

t h e  s t r i p s  s h o u l d  b e  c l e a r l y  marlced on t h e  f r a m i n g  d r a w i n g s ,  and  

t h e  s t a g e  a t  which  t h e y  a re  t o  b e  a p p l i e d  s h o u l d  b e  s p e c i f i e d  

i n  t h e  work ing  i n s t r u c ~ i o n s .  



FIG 4 .  ~ ~ o r i z o n t a l  s e c t i o n ,  g a b l e  w a l l  - l o a d b e a r i n g  
p a r t i t i o n  w a l l  

1 0 , 2 0  mm t r a n s p a r e n t  p o l y e t h y l e n e  s h e e t  

2 60 c m  wide  s t r i p  o f  p o l y e t h y l e n e  s h e e t  

FIG 5 .  V e r t i c a l  s e c t i o n  t h r o u g h  t h e  j u n c t i o n  be tween  t h e  
g a b l e  w a l l  and  t h e  a t t i - c  f l o o r  

1 1 3  mrn p l a s t e r b o a r d  

2 0 , 2 0  mm t r a n s p a r e n t  p o l y e t h y l e n e  s h e e t  

3 60 cm wide s t r i p  o f  p o l y e t h y l e n e  s h e e t  
L; 2 - .  5 x - -  7 0 0  mi:i b l o c k i r ~ g  

5 4 S x 1 3 5 l o w e r  c h o r d  rrlenlber or' r o o f  t r u s s  

6 7 3  x 1 2 0  mm t o p  p l a t e  



A t t i c  - C e i l i n g  - Gable  Wal l  

I f  t h e  s i r t i g h t  l a y e r  i s  n o t  a p p l i e d  p r o p e r l y  a t  t h e  j u n c t i o n  

be tween  t h e  w a l l  and  t h e  c e i l i n g ,  c o l d  a i r  c a n  s p r e a d  o u t  i n  t h e  

j o i s t  s p a c e s  be tween  , t h e  f l o o r  and  t h e  c e i l i n g ,  t h e r e b y  " s h o r t  

c i r c u i t i n g "  t h e  i n s u l a t i o n .  Warm m o i s t  a i r  c a n  a l s o  f l o w  

o u t w a r d s  i n t o  t h e  t h i c k n e s s  o f  t h e  b u i l d i n g  e n c l o s u r e  where  

damage d u e  t o  m o i s t u r e  c a n  r e s u l t .  It i s  t h e r e f o r e  e s s e n t i a l  t h a t  

b o t h  t h e  o u t e r  and i n n e r  a i r t i g h t  l a y e r s  b e  p r o p e r l y  i n s t a l l e d .  

A i r t i g h t n e s s  i s  e n s u r e d  by o v e r l a p p i n g  t h e  p o l y e t h y l e n e  s h e e t  

a t  a l l  j o i n t s  and c a r e f y l l y  t a p i n g  i t .  I n  t h e  a t t i c  c e i l i n g  t h e  

v a p o u r  b a r r i e r  s h e e t  i s  l a i d  above  t h e  s t r a p p i n g  t o  e n s u r e  

good c o n t a c t  be tween  t h e  m i n e r a l  wool och  t h e  v a p o u r  b a r r i e r .  

T h i s  w i l l  r e d u c e  t h e  r i s k  o f  l o s s  o f  e f f e c t i v e n e s s  o f  t h e  

i n s u l a t i o n  d u e  t o  c o n v e c t i o n .  

FIG 6 .  V e r t i c a l  s e c t i o n  t h r o u g h  8 5 0  mm m i n e r a l  w o l l  s l a b  
junc t i -on  o f  t h e  a t t i c  w i t h  f e l t  
c e i l i n g  and t h e  g a b l e  w a l l  

9  1  95 mrn m i n e r a l  wool 
Chipboard  p a n e l  

1 2 , 7  mrn a s p h a l t - i m p r e g -  
n a t e d  wood f i b r e  b o a r d '  

S h e a t h i n g  f e l t  

2 5  x 1  0 0  mm b l o c k i n g  

45 rm m i n e r a l  wool 

120  mm m i n e r a l  wool 

25 x 125  mm walkway p l a n k  

50 x 195  mm t i e  beam 

0 , 2 0  mm t r a n s p a r e n t  
p o l y e t h y l e n e  s h e e t  

23 x 95 rnm s t r a p p i n g  

1 3  mm  lasterb board 

14  48 x 120 mm t o p p l a t e  



Eaves  

The mos t  d i f f i c u l t  d e t a i l  f rom t h e  p o i n t  o f  v i ew  o f  a i r t i g h t n e s s  

i n  1 1 / 2 - s t o r e y  h o u s e s  i s  t h e  p o i n t  where t h e  p o l y e t h y l e n e  

s h e e t  p a s s e s  t h r o u g h  t h e  f l o o r  a t  t h e  e a v e s .  Owing t o  t h e  l a r g e  

number o f  p e n e t r a t i o n s  f o r  s e r v i c e s  and t h e  r e c t a n g u l a r  f l o o r  

j o i s t s ,  a p p l i c a t i o n  o f  t h e  p l a s t i c s  f o i l  becomes b o t h  d i f f i c u l t  

and  t i m e  consuming .  I n  v i ew o f  t h i s ,  t h e  d e s i g n  o f  t h i s  d e t a i l  

m e r i t s  c a r e f u l  a t t e n t i o n .  

I n  p r i n c i p l e ,  t h e r e  a r e  two me thods  o f  a p p l y i n g  i n s u l - a t i o n  and 

t h e  v a p o u r  b a r r i e r  a t  t h e  j u n c t i o n  o f  t h e  a t t i c  f l o o r .  These  

a r e  i l l u s t r a t e d  i n  FIG 7 .  

FIG 7 a .  Roof t r u s s  w i t h  i n s u l a t e d  ~ 7 a l l s  a l o n g  t h e  t r u s s  

s u p p o r t s  . 

FIG 7 b .  Roof t r u s s  w i t h  t h e  s u p p o r t s  i n  l i n e  w i t h  t h e  e x t e r n a l  

walls  arid w i t h  l i g h t w e i g h t  s t u d  walls .  



The c o n v e n t i o n a l  r o o f  t r u s s  o f  a  1  1 / 2 - s t o r e y  house  h a s  t h e  

i n s u l a t e d  w a l l  s e t  back  some 1 t o  2 m f rom t h e  e x t e r i o r  w a l l  

( s e e  FIG 7 a ) .  The a p p l i c a t i o n  o f  i n s u l a t i o n  and v a p o u r  b a r r i e r s  

i s  b o t h  d i f f i c u l t  and  t i m e  consuming, o f t e n  l e a d i n g  t o  t h e  

l e a k a g e  o f  c o l d  a i r  i n t o  t h e  j o i s t  s p a c e .  However,  by moving t h e  

v e r - t i c a l  s u p p o r t  members o f  t h e  t r u s s e s  t o g e t h e r  w i t h  t h e  v a p o u r  

b a r r i e r  and  i n s u l a t i o n  i n t o  t h e  p l a n e  o f  t h e  e x t e r i o r  w a l l  two 

r i g h t  a n g l e  c o r n e r s  w i t h  a s s o c i a t e d  vapouy b a r r i e r  and i n s u l a t i o n  

a p p l i c a t i o n  p rob lems  were  e l i m i n a t e d  ( s e e  FIG 7 b ) .  

The s p a c e  l e f t  b e h i n d  t h e  l i g h t w e i g h t  s t u d  w a l l  b u t  i n s i d e  t h e  

i n s u l a t i o n  and  v a p o u r  b a r r i e r  c a n  now b e  u s e d  t o  a d v a n t a g e  t o  

h o u s e  v a r i o u s  e l e c t r i c a l  and m e c h a n i c a l  i n s t a l l a t i o n s .  I n  t h i s  

way, t h e r e  i s  no  need  t o  u t i l i s e  any  o f  t h e  d w e l l i n g  s p a c e  f o r  

p i p e s  a n d c ' u c t s n o r  t o  make d i f f i c u l t  t o  s e a l  p e n e t r a t i o n s  t h r o u g h  

t h e  , vapour  b a r r i e r .  

I n  o r d e r  t o  e n s u r e  a  good s e a l  a t  t h e  p o i n t  where  t h e  a t t i c  f l o o r  

j o i n s  t h e  e x t e r n a l  w a l l  p o l y e t h y l e n e  s h e e t  w a s  c lamped o n t o  t h e  

j o i s t s .  I t  was c lamped be tween  t h e  p l a s t e r b o a r l d  and p i e c e s  o f  

b l o c k i n g  (marked 9 and  1 0  on FIG 8) which were  n a i l e d  t o  t h e  

j o i s t s  and  t h e  t o p  w a l l  p l a t t  a f t e r  e r e c t i o n  o f  t h e  f r a m e .  

J o i n t i n g  compound was u s e d  a s  a supp lemen t  t o  t h e  c l a m p i n g  o f  

t h e  j o i n t s .  

J o i n t s  Around Doors and  Windows 

Around d o o ~ s  and windows t h e r e  i s  n a t u r a l l y  a j o i n t  be tween  t h e  

v a p o u r  b a r r i e r  and t h e  f r a m e .  The o v e r a l l  l e n g h t  o f  t h i s  j o i n t  

i n  t h e  h o u s e s  s t u d i e d  i s  a b o u t  8 0  m ,  w h i l e  t h e  t o t a l  j o i n t  l e n g t h  

where  t h e  a i r t i g h t n e s s  f u n c t i o n  o f  t h e  p o l y e t h y l e n e  s h e e t  i s  

t a k e n  o v e r  by some o t h e r  b u i l d i n g  m a t e r i a l  amounts  t o  a b o u t  

1 0 0  m ( i n c l u d i n g  j u n c t i o n s  a t  f l o o r s  and  a r o u n d  v e n t i l a t i o n  

d u c t s ) .  T h i s  means t h a t  a b o u t  8 0  % o f  t h e  t o t a l  j o i n t  l e n g t h  

i s  a t  d o o r s  and windows. I t  i s  t h e r e f o r e  e s s e n t i a l  t h a t  s i m p l e  

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

He re  t h e  o u - t s i d e  d i m e n s i o n  o f  t h e  window f r a m e s  were  made t o  

s u i t  s t u d s  s p a c e d  a t  6 0  cm c e n t r e s  which r e d u c e d  t h e  number o f  

s t u d s  i n  walls  and f a c i - l i t a t e d  t h e  i n s t a l l a t i o n  o f  i n s u l a t i o n .  



FIG 8 .  V e r t i c a l  s e c t i o n  t h r o u g h  t h e  e a v e s  

Cor ruga ted  metod d e c k i n g  

1 3  x 5 0  mm b a t t e n s  

6,3 mm wood f i b r e  boa rd  

1 9 5  mm m i n e r a l  wool 

0 , 2 0  mm t r a n s p a r e n t  p o l y e t h y l e n e  

2 3  x 9 5  mm s t r a p p i n g  

13 mm p l a s t e r b o a r d  

45 mm t r i a n g u l a r  b a t t e n  

4 5  x 4 5  rnm b l o c k i n g  

2 5  x 2 5  mm b l o c k i n g  

48 x iP9 t o p  p l a t e  

9 mrn wood f i b r e  boa rd  

s h e e t  



D o o ~  and  window f r a m e s  were  a l s o  p r o v i d e d  w i t h  a r e b a t e  t o  

f a c i l i t a t e  t h e  c l a m p i n g  o f  t h e  p l a s t i c s  f o i l  a g a i n s t  t h e  f r a m e .  

T h i s  was a c c o m p l i s h e d  by n a i l i n g  a  s t r i p  o f  c h i p b o a r d  (No 1 

i n  FIG 9) t o  t h e  f r a m e  and  t h e  s t u d s .  

FIG 9 .  D e t a i l  a t  window s i l l  

1 1 2  mi ch ipboapd  

2 Window s i l l  

3  M i n e r a l  wool c a u l k i n g  o r  expanded  p o l y u r e t h a n e  

4 1 3  mm p l a s t e r b o a r d  

5 0,20 t r a n s p a r > e n t  p o l y e t h y l e n e  s h e e t  

Ch ipboa rd  was u s e d  as it i s  s t i f f e r  and s t r o n g e i i  t h a n  p l a s t e r -  

b o a r d ,  and  c a n  t h u s  b e  e x p e c t e d  t o  p roved  b e t t e r  c l a m p i n g  

a c t i o n .  

M i n e r a l  wool c a u l k i n g  o r  one  -componen-t  expanded  p o l y u r e t h a n e  

foam was u s e d  t o  s e a l  t h e  s p a c e  be tween  t h e  f r a m e  and t h e  

s u r r o u n d i n g  s t u d s .  

P e n e t r a t i o n s  f o r  S e r v i c e s  

To s a t i s f y  t h e  riew c o d e  r e q u i r e m e n t s  it i s  e s s e n t i a l  t h a t  

t h e  e f f e c t  o f  v a r i o u s  p e n e t r a t i o n s  o f  t h e  b u i l d i n g  e n v e l o p e  on 

a i r t i g h t n e s s  be  t a k e n  i n t o  c o n s i d e r a t i o n  a t  t h e  d e s i g n  s t a g e .  



The most  o b v i o u s  m e a s u r e  i s  t o  c u t  t h e  number o f  s u c h  

p e n e t r a t i o n s  t o  t h e  b a r e  minimum. For  i n s t a n c e ,  e l e c t r i c  c a b l e s  

c a n  b e  l o c a t e d  i n  i n t e r i o r  w a l l s  i n  s p e c i a l  b a s e b o a r d  c o n d u i t s .  

u n a v o i d a b l e  p e n e t r a t i o n s  s h o u l d  b e  made s o  t h a t  t h e y  c a n  be  

e a s i l y  s e a l e d .  Fo r  I n s t a n c e ,  v e n t i l a t i o n  d u c t s  c a n  b e  f i t t e d  

w i t h  s o l d e r e d - o n  s h e e t m e t a l  c o l l a r s  o r  have  b u t y l  r u b b e r  c o l l a r s  

s t r e t c h e d  o n t o  them. 

I n  t h e  b u i l d i n g s  s t u d i e d ,  most  o f  t h e  e l e c t r i c  c a b l e s  w e r e  

l o c a t e d  i n  i n t e r i o r  w a l l s ,  t h e  a t t i c  f l o o r  and  be tween  t h e  

s t r a p p i n g  o f  t h e  a t t i c  c e i l i n g .  ~ o n s e q u e n t l ~ ,  o n l y  f o u r  

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

o u t s i d e  l i g h t i n g ,  t h e  b e l l  c i r c u i t ,  e x t e r n a l  kWh m e t e r  and  

t h e  a n t e n n a  c a b l e ) .  These  p e n e t r a t i o n s  a s  w e l l  a s  t h o s e  f o r  

t h e  v e n t i l a t i o n  p i p e  were  s e a l e d  w i t h  t a p e .  A t  t h e  v e n t i l a t i o n  

o u t l e t  (FIG l o ) ,  t h e  p l a s t i c s  f o i l  was clamped be tween  t h e  

f l a s h i n g  a t  t h e  b o t t o m  o f  t h e  o u t l e t  and t h e  s t r a p p i n g  o f  

t h e  a t t i c  c e i l i n g .  

Here  t h e  c o v e r  s h e e t  w a s  s c r ewed  t o  t h e  s t r a p p i r i g a f t e r  which  

t h e  2 h o l e s  f o r  t h e  v e n t i l a t i o n  p i p e s  t h r o u g h  t h e  c o v e r  s h e e t  

were  s e a l e d  w i t h  a  s e a l i n g  compound. I f  t h e  s h e e t m e t a l  c o v e r  

had  been  l o c a t e d  u n d e r n e a t h  t h e  s l a t s  ( s e e  FIG 1 0 1 ,  t h e  

a i r t i g h t n e s s  a round  t h e  h o l e s  would have  been  f u r t h e r  improved .  

I n s t a l l a t i o n  o f  t h e  P o l v e t h v l e n e  S h e e t  

P o l y e t h y l e n e  s h e e t ,  0 ,20  mrn t h i c k  and o f  two s i z e s  w a s  u s e d .  

A s h e e t  o f  w i d t h  2 , 7 0  m ,  i . e . e x c e e d i n g  t h e  h e i g h t  o f  a w a l l , .  

was p l a c e d  on t h e  w a l l s ,  w h i l e  i n  ' t h e  r o o f  a  s h e e t  1 , 3 5  m wide 

was u s e d  which  coveved  t h e  s p a c e  be tween  two r o o f  t r u s s e s  

( a t  1 2 0 0  mm c e n t r e s ) .  

Top F l o o r  

The p o l y e t h y l e n e  s h e e t  was f i r s t  o f  a l l  a t t a c h e d  t o  t h e  g a b l e  

w a l l s  ( FIG 1 1 ) .  I t  was r o l l e d  out on t h e  f l o o r  a l o n g  t h e  wa l l .  

a n d  c u t  t o  be a b o u t  8 0  crn t o o  l o n g .  The s h e e t  was t h e n  a t t a c h e d  

t o  t h e  u n d e r s i d e  o f  t h e  a t t i c  c e i l i n g ,  a f t e r  which it was 

f o l d e d  down and s t a p l e d  t o  t h e  r e s t  o f  t h e  wall- .  A f t e r  c o m p l e t i n g  



FIG 1 0 .  Roof V e n t d e t a i l  

1 1 3  mm p l a s t e r b o a r d  

2 23 x 9 5  mm s t r a p p i n g  

3  0,20 mm t r a n s p a r e n t  

P roposed  m o d i f i c a t i o n :  

4 23 x 9 5  rnm b l o c k i n g  

5 Cover  s h e e t  moved 

6 Bottom f l a s h i n g  

7 Cover  s h e e t  

8 S e a l e d  w i t h  compound 



E I G  1 1 .  L i n e  t h e  g a b l e s  on t h e  t o p  f l o o r  w i t h  
p o l y e t h y l e n e  s h e e t  

t h e  g a b l e  w a l l  t h e  s h e e t  c o u l d  b e  a p p l i e d  t o  t h e  c e i l i n g  

(FIG 1 2 ) .  Here  it was f i r s t  f i x e d  a t  one  o f  t h e  e a v e s ,  a f t e r  

which  t h e  s h e e t  was s e c u ~ e d  a l o n g  t h e  s l o p i n g  r o o f  and  t h e n  

down t o  t h e  e a v e s  on t h e  o p p o s i t  s i d e .  A t  e a c h  e a v e s  t h e  s h e e t  

was c u t  a b o u t  4 0  cm t o o  l o n g ,  s o  t h a t  it c o u l d  p a s s  t h r o u g h  

t h e  a t t i c  f l o o r  and b e  o v e r l a p p e d  w i t h  t h e  v a p o u r  b a r r i e r  f o r  

t h e  l o w e r  w a l l .  The s h e e t  had t o ,  however ,  b e  c u t  where  it 

p a s s e s  e a c h  j o i s t  i n  t h e  a t t i c  f l o o r .  Each p o r t i o n  of t h e  

s h e e t  was t h e n  f o l d e d  down t h r o u g h  t h e  f l o o r  and a t t a c h e d  t o  

t h e  j o i s t s ,  t h e  b l o c k i n g  p i e c e s  and t h e  t o p  p l a t e .  

FIG 1 2 .  L i n e  t h e  c e i l i n g  w i t h  p o l y e t h y l e n s  s h e e t  p a r a l l e l  
t o  t h e  r o o f  t r u s s e s .  P a s s  t h e  r o l l s  t h r o u g h  a n  o p e n i n g  
a t  t h e  e d g e  o f  t h e  a t t i c  f l o o r .  The j o i n t s  a r e  t o  be 
laid o v e r  t h e  s u p p o r t s  wi-th a  good o \ iePlap  and 
clamped w i t h  s t r i p s  o f  p lywood,  o r  t a p e d .  



The s h e e t  f o r  t h e  g round  f l o o r  w a l l s  w a s  p l a c e d  l a s t  ( F I G  1 3 ) .  

Use was made o f  t h e  f a c t  t h a t  t h e  w i d t h  o f  t h e  s h e e t  exceeded  

somewhat t h e  h e i g h t  o f  t h e  w a l l ,  whereby it c o u l d  b e  a p p l i e d  

h o r i z o n t a l l y , ' t h u . s  r e d u c i n g  t h e  number o f  v e r t i c a l  j o i n t  - 
p r e f e r a b l e  t o  one .  

FIG 1 3 .  P r i n c i p l e  o f  o p e r a t i o n  i n  p l a c i n g  t h e  2 , 7 0  m wide  
p o l y e t h y l e n e  s h e e t  

a r o l l  it o u t  a round  t h e  e x t e r n a l  w a l l  

b l i f t  it u p ,  f o l d  t h e  n a r r o w . p i e c e  up  a g a i n s t  t h e  
c e i l i n g  and  a t t a c h  t o  t h e  w a l l  u n d e r n e a t h  t h e  c e i l i n g  

c  f o l d  down t h e  r e s t  o f  t h e  s h e e t  and a t t a c h  it t o  
t h e  w a l l .  

C h e c k n i n ~  t h e  A i r t i ~ h t n e s s  

When c o n s t r u c t i o n  o f  t h e  b u i l d i n g s '  was f i n i s h e d ,  t h e  a i r t i g h t n e s s  

w a s  s h e c k e d  by t h e  p r e s s u r e  t e s t  method .  The r e s u l t s  f r o m  

t h e s e  t e s t s  a r e  p r e s e n t e d  i n  1 14 i n  t e r m s  o f  t h e  

number o f  a i r  c h a n g e s  p e r  h o u r  f o r  an  o v e r p r e s s u r e  o f  50 Pa.  

The number o f  a i r  c h a n g e s  p e r  h o u r  were  f o u n d  t o  v a r y  be tween  

0,67 and  0,86 f o r  t h e  7 b u i l d i n g s .  These  v a l u e s  a re  v e r y  low 

f o r  t h i s  t y p e  o f  b u i l d i n g ,  and  a r e  w e l l  be low t h e  c o d e  

r e q u i r c m e n t s ,  as  showr, i n  FIG ,I 4 .  

The i n v e s t i g a t i o n  shows t h u s  t h a t  it i s  f e a s i b l e  t o  c o n s t r u c t  

t h i s  t y p e  o f  b u i l d i n g  so t h a t  i t  i s  v e r y  a i r t i g h t .  The good 

r e s u l t s  c a n  be  f i r s t  o f  a l l  a t t r i b u t e d  t o  t h e  f o l l o w i n g :  



A i r  c h a n g e s / h o u r  

Requj. .rements a c c o r d i n g  t o  
------------ 

S B N '  1977 : 3 ,  780701 - 

5,O 

0.77 0,67 0.71, 0,86 0.81 0,70 0,83 
I I1 111 I v v VI VII 

4 , 5  

4 - 0  - 

B u i l d i n g s  

Requ i r emen t s  a c c o r d i n g  t o  --- 

SBN 1 9 7 7 : 3 ,  770701-780530 

FIG 1 4 .  The r e s u l t s  o f  p r e s s u r e  t e s t s .  

c a l q e f u l  and  s y s t e m a t i c  d e s i g n ,  

c a r e f u l  workmanship and  

t h e  a v a i l a b i l i t y  o f  matex- ' i a l s  f o r  t h e '  a i r t i g h t  l a y e r  which 

weFe f i t  f o r  t h e  p u r p o s e .  

Some o f  t h e  s i g n i f i c a n t  f a c t o r s  which  c o n t r i b u t e d  t o  t h e  

r e s u l t s  were  t h a t  d e t a i l e d d r a w i n g s  had been  p r e p a r e d  f o r  

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

wal l -board  were  made t o  f i t  t h e  f r a m e  s p a c i n g ,  and t h a t  t h e  number 

o f  p e n e t r a t i o n s  f o ~  s e r v i c e s  was c u t  t o  a  minimu.m - f o r  i n s t a n c e ,  

a l l  t h e  e l e c t r i c i t y  c a b l e s  were  l a i d  i n  t h e  i n t e r i o r  w a l l  and 

j o i s t  s p a c e s ,  and  t h a t  a h i g h  g r a d e  p o l y e t h y l e n e  s h e e t  was u s e d .  

S t u d y  o f  C l i m a t i c  Cond i - t i ons  and  Ene rgy  Consumption -- 
V e n t i l a t i o n  

A s  men t ioned  a b o v e ,  t h e  b u i l d i n g s  a r e  v e n t i l a t e d  m e c h a n i c a l l y  

by a n  e x h a u s t  a i r  s y s t e m .  The f a n  c a p a c i t y  c a n  be  v a r i e d  be tween  

t h r e e  p o s i t i o n s  - b a s i c  rpm, 50 % f a n  c a p a c i t y  and  100 % f a n  

c a p a c i t y .  I n t a k e  a i r  i s  o b t a i n e d  t h r o u g h  s l o t  v e n t s  a t  t h e  

t o p  o f  t h e  11 windows. The s l o t  o p e n i n g s  c a n  b e  r > e g u l a t e d  

b u t  c a n n o t  be  c l o s e d  c o m p l e t e l y .  



A i r  c h a n g e s  measured  a t  d i f f e r e n t  i n t a k e  v e n t  s e t t i n g s  and  

f a n  c a p a c i t i e s  a r e  p r e s e n t e d  i n  T a b l e  5 .  I t  i s  e v i d e n t  f rom 

t h e  r e s u l t s  t h a t  it  i s  t h e  f a n  s e t t i n g  which  h a s  t h e  d e c i s i v e  

i n f l u e n c e  on v e n t i l a t i o n .  

T a b l e  5 .  

Fan s e t t i n g ,  A i r  c h a n g e s  m 3 / h  when s l o t  v e n t s  a r e  

% o f  c a p a c i t y  c l o s e d  4 0  % open  f u l l y  open  

b a s i c  rpm 

50 % 

100 % 

T h i s  means t h a t  v e n t i l a t i o n  i s  g o v e r n e d  a l m o s t  e n t i r e l y  by t h e  

e x h a u s t  f a n .  S u p p l e m e n t a r y  p r e s s u r e  d i f f e r e n c e  measu remen t s  

a l s o  show t h a t  t h e  o u t s i d e  c l i m a t e  h a s  o n l y  a  modes t  e f f e c t  on 

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  o u t s i d e  and  i n s i d e .  Nor c o u l d  

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

c l i m a t e  b e  d e t e c t e d .  

I n  1977 Nylund c a l c u l a t e d  w i t h  t h e  a i d  o f  a t h e o r e t i c a l  model 

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

o f  t h e  v e n t i l a t i o n  s y s t e m  i t s e l f  a s  w e l l  as o u t s i d e  w e a t h e r  

on v e n t i l a t i o n .  FIG 1 5  g i v e s  a n  example o f  e x p e c t e d  r e s u l - t s  f o r  

a d e t a c h e d  house .  Here  i t  w a s  assumed t h a t  v e n t i l a t i o n  i s  by ' 

a n  e x h a u s t  f a n  a d j u s t e d  t o  p r o v i d e  0 , 5  a i r  c h a n g e s  p e r  h o u r  

when t h e r e  i s  no  wind .  I n  p r a c t i c e ,  v e n t i l a t i o n  w i l l  t h u s  

depend  on t h e  a i r t i g h t n e s s  o f  t h e  h o u s e ,  e x p r e s s e d  i n  t e r m s  

o f  t h e  number o  a i r  c h a n g e s  a t  a n  o v e r p r e s s u r e  o f  50 Pa ( n 5 0  i n  

t h e  f i g u r e )  and  t h e r e b y  p r i m a r l y  on wind v e l o c i t y .  I t  c a n  b e  

s e e n  f r o m  t h e  f i g u r e  t h a t  t h e  v e n t i l a t i o n  i n  a i r t i g h t  h o u s e s  

( n 5 0 =  1  c h a n g e / h o u r  o r  l e s s l i s  i n d e p e n d e n t  o f  wind when i t s  

v e l o c i t y  i s  be low 6 - 8 m / s .  I t  i s  o n l y  a t  h i g h e r  wind v e l o c i t i e s  

t h a t  v e n t i l a t i o n  i s  i n c r e a s e d .  T h i s  r e s u l t  a g r e e s  w e l l  w i t h  

measu remen t s  f o r  t h e  t e s t  h o u s e s .  I n  p e r m e a b l e  h o u s e s ,  on t h e  

o t h e r  hand  in5,,= 5 c h a n g e s / h o u r ) ,  v e n t i l a t i o n  i n c r e a s e s  r a p i d l y  



V e n t i l a t i o n ,  a i r  c h a n g e s / h o u r  

0 2 4 6 8 10 
Wind v e l o c i t y ,  m / s  

FIG 1 5 ,  R e l a t i o n s h i p  between v e n t i l a t i o n  and wind v e l o c i t y  f o r  
d i f f e r e n t  d e g r e e s  o f  a i l . t i g h t n e s s  ( n 5 0 )  o f  t h e  b u i l d i n g .  
I t  i s  assumed t h a t  v e n t i l a t i o n  i s  by a n  a i r  e x h a u s t  
s y s t e m  which i s  s e t  t o  p r o v i d e  0 , 5  a i r  c h a n g e / h o u r  when 
t h e r e  i s  no wind.  

a s  wind v e l o c i t y  r i s e s .  A l r e a d y  a t  a  wind v e l o c i t y  o f  6  m / s ,  

v e n t i l a t i o n  i s  d o u b l e d .  

Nylund's c a l c u l a t e d - v a l u e s  f o r  a v e r a g e  a n n u a l  v e n t i l a t i o n  f o r  

d e t a c h e d  h o u s e s  o f  v a r y i n g  a i r t i g h t n e s s  a r e  p r e s e n t e d  i n  FIG 1 6 .  

I t  i s  assumed t h a t  t h e  a v e r a g e  wind v e l o c i t y  i s  4 m / s ,  t h a t  

t h e  mean o u t s i d e  a i r  t e m p e r a t u r e  d u r i n g  t h e  h e a t i n g  s e a s o n  
0 i s  i - 2  C ,  and t h a t  t h e  house  h a s  a n  e x h a u s t  a i r  sys t em s e t  t o  

0 , 5  a i r  change  p e r  h o u r  when t h e r e  i s  no  wind and t h e  t e m p e r a t u r e  

i n s i d e  and  ou-ts i -de i s  t h e  same. Energy l o s s e s  due  t o  v e n t i l a t i o n  

can  a l s o  be  d e t e r m i n e d  f rom t h i s  f i g u r e .  The r e s u l t s  show t h a t  

i n  v e r y  a i r t i g h t  h o u s e s  w i t h  an e x h a u s t  s y s t e m ,  v e n t i l a t i o n  i s  

e n t i r e l y  dependen t  on - the s e t t i n g  o f  - the e x h a u s t  f a n  and t h a t  

t h e r e  i s  no i n c r e a s e  i n  e n e r g y  consumptj-on when wind v e l o c i t i e s  

a r e  h i g h .  



A i r  v e l o c i t i e s  i n  t h e  houses  have  been low. There  i s  however 

some r i s k  of  i n c o n v e n i e n c e  due t o  d r a u g h t s  i n  t h e  v i c i n i t y  of  

t h e  s l o t  v e n t s .  A t  a  d i s t a n c e  of 1 m from t h e s e ,  a i r  v e l o c i t i e s  

were however n e v e r  above 0 , 2  m/s. It shou ld  however be  p o s s i b l e  

t o  enhance  comfor t  somewhat by improving t h e  way whereby s u p p l y  

a i r  i s  p r o v i d e d .  

To sum u p ,  t h e  r e s u l t s  o f  t h e  v e n t i l a t i o n  and a i r  v e l o c i t y  

measurements  show t h a t  i n  a i r t i g h t  houses  t h e  f low o f  v e n t i l a t i o n  

a i r  can  be  a c c u r a t e l y  c o n - t r o l l e d  by means o f  t h e  e x h a u s t  f a n .  

V e n t i l a t i o n ,  a i r  c h a n g e s / h o u r  

0 1 2 3 4 5  

P e r m e a b i l i t y  

( a i r  changes /hour  a t  5 0  Pa )  

Energy l o s s e s ,  MWh/year 

FIG 1 6 .  C a l c u l a t e d  a n n u a l  a v e r a g e  v e n t i l a t i o n  i n  a  b u i l d i n g  
eqipped e i t h  an  e x h a u s t  s y s t e ~ , a s  a f u n c t i o n  of  t h e  
p e r m e a b i l i t y  a f  t h e  b u i l d i n g  (number o f  a i r  changes  p e r  
hour  a t  5 0  P a ) .  The s c a l e  t o  t h e  r i g h t  shows t h e  energy  
l o s s e s  owing t o  v e n t i l a t i o n  a t  a  c l i m a t e  e q u i v a l e n t  t o  
I 1  0 0 0 0  OC h  (Stockholm climate). 



Energy  consumpt ion  

Ene rgy  consumpt ion  was measured  o v e r  s h o r t  p e r i o d s  d u r i n g  t h e  

w i n t e r  o f  7 7  - 78. Dur ing  t h e s e  p e r i o d s  t h e  e x h a u s t  f a n  was 

o p e r a t e d  a t  a b o u t  50 % of  i t s  c a p a c i t y ,  and a l l  s l o t  v e n t s  were 

a b o u t  4 0  % open .  A i r  was e x h a u s t e d  o f  a  r a t e  o f  a b o u t  170  m \ e r  

h o u r ,  c o r r e s p o n d i n g  t o  a b o u t  0 , 5  a i r  c h a n g e  p e r  h o u r .  Energy  

consumpt ion  was measu red  on c l o u d y  d a y s  when t h e  v a r i a t i o n s  i n  

t h e  o u t s i d e  t e m p e r a t u r e  were  s m a l l .  Dur ing  t h e  c o u r s e  o f  

measu remen t s  t h e  h o u s e  was u n i n h a b i t e d ,  and  t h e  i n s i d e  t e m p e r a t u r e  
0 was k e p t  c o n s t a n t  a t  t 2  0 , 5  C .  On t h e  a v e r a g e ,  ' 0 , I  77 k w h / O ~  h  

was s u p p l i e d  d u r i n g  t h e  m e a s u r i n g  p e r i o d .  O f  t h i s  0 ,058  I < W ~ / ~ C  

was a t t r i b u t e d  t o  v e n t i l a t i o n  l o s s e s ,  and  0 ,119  k ~ h / ' c  t o  t r a n s -  

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

t h e  a n n u a l  e n e r g y  consumpt ion  on t h e  b a s i s  o f  measurements  

t a k e n  o v e r  s h o r t  p e r i o d s .  ( I t  i s  i n t e n d e d  t o  c o n t i n u e  t o  

m e a s u r e  e n e r g y  consumpt ion  o v e r  a  p e r i o d  o f  a t  l e a s t  1  y e a r ) .  

The number o f  d e g r e e  h o u r s  b a s e d  on a n  i n s i d e  t e m p e r a t u r e  o f  
0 20 C i s  a b o u t  110 0 0 0  i n  S tockho lm.  The e n e r g y  consumpt ion  

d u e  t o  v e n t i l a t i o n  1 -os ses  f o r  o n e  y e a r  i s  t h e n  a b o u t  6 4 0 0  kwh, 

and  t h a t  d u e  t o  t r a n s m i s s i o n  l o s s e s  a b o u t  1 3  100  kwh. Based 

on i n f o r m a t i o n  by Plunter  1 9 7 4 ,  a n  a n n u a l  e n e r g y  b a l a n c e  c a n  

t h e n  b e  drawn up  a s  f o l l o w s .  

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

b e  k e p t  a t  t h e  minimum l e v e l  c o n s i s t e n t  w i t h  a c c e p t a b l e  a i r  

q u a l i t y  i n  o r d e r  t o  c o n s e r v e  e n e r g y .  



No o f  a i r  c h a n g e s  p e r  h o u r  Energy  l o s s e s  

kWh/year 

t r a n s m i s s i o n  l o s s e s  

v e n t i l a t i o n  l o s s e s  

d o m e s t i c  h o t  w a t e r  

d o m e s t i c  e l e c t r i c i t y  

w a s t e  h e a t  f rom domes- t ic  
h o t  w a t e r  

w a s t e  h e a t  f rom d o m e s t i c  
e l e c t r i c i t y  

h e a t  g e n e r a t e d  by o c c u p a n t s  

s o l a r  r a d i a t i o n  

f o r c e d  v e n t i l a t i o n  

t o t a l  a n n u a l  e n e r g y  r e q u i r e m e n t  kWh 1 9  6 0 0  16  4 0 0  

I t  may b e  assumed t h a t  t h e  number o f  a i r  c h a n g e s  w i l l  b e  0 , 5  p e r  

h o u r  f o r  h a l f  t h e  h e a t i n g  s e a s o n ,  and 0 , 2 5  p e r  h o u r  f o r  t h e  

r e m a i n d e r .  T h i s  means t h a t  t h e  a n n u a l  e n e r g y  consumpt ion  w i l l  

be a b o u t  1 8  0 0 0  kwh. 

Mun the r ,  1 9 7 4 ,  a n d  a l s o  Adamsson & K a l l b l a d ,  1 9 7 5 ,  show t h a t  

h o u s e s  i n  t h e  S tockholm c l i m a t e  o f  coniparab le  s i z e . c o n s t r u c t e d  

a t  t h e  b e g i n n i n g  o f  t h e  s e v e n t i e s  h a v e  a n  a n n u a l  e n e r g y  

consumpt ion  o f  a round  26 - 28 0 0 0  kwh. These  v a l u e s  r e l a t e  t o  

h o u s e s  c o n s t r u c t e d  b e f o r e  t h e  " e n e r g y  c r i s i s "  and  b e f o r e  t h e  

new Swedish  B u i l d i n g  R e g u l a t i o n s  came i n t o  f o r c e .  The r e s u l t s  

t h u s  i n d i c a t e  t h a t  t h e  improvement  o f  t h e r m a l  i n s u l a t i o n  and 

a i r t i g h t n e s s  i n  t h e s e  h o u s e s  s h o u l d  r e s u l t  i n  a n  a n n u a l  e n e r g y  

s a v i n g  o f  a b o u t  8  - 1 0  0 0 0  kWh u n d e r  no rma l  o p e r a t i n g  condj . t io r i s .  

T h i s  i s  a c o n s i d e r a b l e  s a v i n g  which  h a s  been  a c h i e v e d  o n l y  by 

c o n s t r u c t i o n  m e a s u r e s ,  which  c a n  t h e r e f o r e  be  e x p e c t e d  t o  have  

a  v e r y  l o n g  l i f e  and  which  do  n o t  g i v e  r i s e  t o  any  a d d i t i o n a l  

m a i n t e n a n c e  e x p e n d i t u r e s .  
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