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PREFACE 

Internal Energy Agency 

In order to strengthen cooperation in the vital area of energy policy, 

an Agreement on an International Energy Program was formulated among 

a number of industrialised countries in November 1974. The 

International Energy Agency (IEA) was established as an autonomous 

body within the Organisation for Economic Cooperation and Development 

(OECD) to administer that agreement. Twenty-one countries are 

currently members of the IEA, with the Commission of the European 

Communities participating under a special arrangement. 

As one element of the International Energy Program, the Participants 

undertake cooperative activities in energy research, development, and 

demonstration. A number of new and improved energy technologies which 

have the potential of making significant contributions to our energy 

needs were identified for collaborative efforts. The IEA Committee on 

Energy Research and Development ( C R D ) ,  assisted by a small Secretariat 

staff, coordinates the energy research, development, and demonstration 

programme. 

Energy Conservation in Buildings and Community Systems 

The International Energy Agency sponsors research and development in 

a number of areas related to energy. In one of these areas, energy 

conservation in buildings, the IEA is sponsoring various exercises to 

predict more accurately the energy use of buildings, including 

comparison of existing computer programs, building monitoring, 

comparison of calculation methods, etc. The difference and 

similarities among these comparisons have told us much about the 

state of the art in building analysis and have led to further IEA 

sponsored research. 

Annex V Air Infiltration Centre 

The IEA Excecutive Committee (Buildings and Community Systems) has 

highlighted areas where the level of knowledge is unsatisfactory and 

there was unanimous agreement that infiltration was the area about 

which least was known. An infiltration group was formed drawing 

experts from most progressive countries, their long term aim to 



encourage joint international research and to increase the world pool 

of knowledge on infiltration and ventilation. Much valuable but 

sporadic and uncoordinated research was already taking place and 

after some initial ground-work the experts group recommended to their 

executive the formation of an Air Infiltration Centre. This 

recommendation was accepted and proposals for its establishment were 

invited internationally. 

The aims of the Centre are the standardization of techniques, the 

validation of models, the catalogue and transfer of information, and 

the encouragement of research. It is intended to be a review body 

for current world research, to ensure full dissemination of this 

research and based on a knowledge of work already done to give 

direction and a firm basis for future research in the Participating 

Countries. 

The participants in this task are Canada, Denmark, Italy, Netherlands, 

Sweden, Switzerland, United Kingdom and the United States. 

New Zeeland and Norway are participants from June 1982. 
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BACKGROUND AND I M R O D U C T  I O N  

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

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

T r a d i t i o n a l l y ,  a  b u i l d i n g ' s  energy s t a t u s  h a s  been c h a r a c t e r i z e d  

p r i m a r i l y  by t h e  k - v a l u e s  - t h e  c o e f f i c i e n t  of  thermal  t r a n s m i t t a n c e  - 

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

c o n s i d e r a b l e  amount known about  thermal  t r a n s m i t t a n c e  and d e t a i l e d  

r e g u l a t i o n s  e x i s t  i n  d i f f e r e n t  c o u n t r i e s  a s  t o  how k - v a l u e s  should  b e  

c a l c u l a t e d  and which maximum p e r m i s s i b l e  v a l u e s  a r e  accep ted  f o r  t h e  

d i f f e r e n t  s t r u c t u r a l  components i n  a  b u i l d i n g .  Energy consumption 

r e s u l t i n g  from t r a n s m i s s i o n  through t h e  b u i l d i n g  enve lope  i s  t h e r e f o r e  

r e l a t i v e l y  well-def ined by t h e  s t r u c t u r a l  component ' S  k - v a l u e  and t h e  

indoor-outdoor t e m p e r a t u r e  d i f f e r e n c e .  

I n  c o n t r a s t  t o  thermal  t r a n s m i s s i o n  f a r  more l i m i t e d  knowledge i s  

a v a i l a b l e  o n  t h e  s u b j e c t s  of  v e n t i l a t i o n  and a i r t i g h t n e s s .  S tandards  

and r e g u l a t i o n s  a r e  l a c k i n g .  However, i n  t h e  r e s e a r c h  work t h a t  h a s  

been c a r r i e d  o u t  over  r e c e n t  y e a r s ,  e f f o r t s  have been made t o  c o n s i d e r  

a i r  l e a k a g e  and v e n t i l a t i o n  i n  more d e t a i l .  T h i s  has  l e d ,  i n  many 

r e s p e c t s ,  t o  t h e  development o f  a  comple te ly  new c o n s t r u c t i o n  

technology i n  o r d e r  t o  s a v e  energy.  The aim of  t h i s  c o n s t r u c t i o n  

technology i s  t o  make t h e  b u i l d i n g  envelope s o  a i r t i g h t  t h a t  

u n d e s i r a b l e  a i r  l eakage  can  be minimized and t o  do so  i n  a  s a f e  manner. 

I n  t h e  same c o n t e x t ,  c a l c u l a t i o n  methods have been developed which 

e x p l a i n  t h e  mechanisms t h a t  govern  t h e  a i r  l eakage  i n  a  house .  The 

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

d i f f e r e n c e s .  These a r e  made up of  components from tempera tu re ,  wind 

e f f e c t s  and f a n  e f f e c t s  when mechanical  v e n t i l a t i o n  i s  used .  I n  

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

d i f f i c u l t  t o  q u a n t i f y .  T h i s  means t h a t  a s u f f i c i e n t l y  a c c u r a t e  

c a l c u l a t i o n  of  energy l o s s e s  r e s u l t i n g  from a i r  l eakage  and 

v e n t i l a t i o n  i s  r e l a t i v e l y  compl icated . A t t e n t i o n  must  be p a i d  t o  

a t t a i n i n g  a n  a c c e p t a b l e  a i r  q u a l i t y  i n  d w e l l i n g s  by e n s u r i n g  t h a t  a  

c e r t a i n  minimum v e n t i l a t i o n  i s  main ta ined  independent  of  t h e  e f f e c t s  

of t h e  ou tdoor  c l i m a t e .  T h i s  c a n  be  ach ieved  w i t h  mechanical  

v e n t i l a t i o n  o r  t o  some e x t e n t  w i t h  c o n t r o l l e d  n a t u r a l  v e n t i l a t i o n .  

T h e r e f o r e  i t  i s  becoming more and more impor tan t  t o  c o n s i d e r  t h e  

i n t e r a c t i o n  between b u i l d i n g  t echno logy  and v e n t i l a t i o n  t echno logy .  



S e v e r a l  new measurement methods have been developed t o  check t h e  

a i r t i g h t n e s s  of a  b u i l d i n g  enve lope .  Some o f  t h e s e  methods can be 

a p p l i e d  t o  de te rmin ing  a i r  l e a k a g e  and v e n t i l a t i o n  d u r i n g  d i f f e r e n t  

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

c o n t r o l ,  o t h e r s  f o r  r e s e a r c h  purposes .  

I t  h a s  been c o n s i d e r e d  a m a t t e r  of urgency t o  c o n s o l i d a t e  a v a i l a b l e  

r e s e a r c h  r e s u l t s  and o t h e r  e x p e r i e n c e  i n  t h e  form o f  a  handbook. 

p h i s  handbook, which forms p a r t  of t h e  work o f  t h e  A I C  ( A i r  

I n f i l t r a t i o n  C e n t r e ) ,  r ev iews  t h e  s t a t e  o f  t h e  a r t  w i t h  r e s p e c t  t o  

problems a s s o c i a t e d  w i t h  a  b u i l d i n g ' s  a i r t i g h t n e s s  i n  t h e  c o u n t r i e s  

which t a k e  p a r t  i n  t h e  work w i t h i n  t h e  A I C .  General  p r i n c i p l e s ,  

m o t i v e s ,  s t a n d a r d s ,  a s sumpt ions ,  c l i m a t e ,  ene rgy  b a l a n c e  i n  a  house,  

and common r e c u r r i n g  d e s i g n  s o l u t i o n s  f o r  b o t h  e x i s t i n g  and new 

b u i l d i n g s  a r e  t r e a t e d  i n  t h e  handbook's  g e n e r a l  s e c t i o n ,  P a r t  A .  

P a r t  B of t h e  handbook c o n t a i n s  d e t a i l e d  i n f o r m a t i o n  about  t h e  c l i m a t e  

i n  d i f f e r e n t  c o u n t r i e s .  It h a s  a  main s e c t i o n  f o r  each c o u n t r y  and 

each s e c t i o n  c o n t a i n s  s e v e r a l  d e s i g n  examples showing how b u i l d i n g  

s t r u c t u r e s  can be produced t o  a c h i e v e  a  r e s o n a b l e  degree  o f  

a i r t i g h t n e s s .  I n  g e n e r a l ,  t h e s e  show examples of  good d e s i g n  

technology i n  t h e  r e s p e c t i v e  c o u n t r y  
L1 

By t r a d i t i o n ,  b u i l d i n g  technology d i f f e r s  from coun t ry  t o  coun t ry  

and t h u s  t h e  d e s i g n  and d e g r e e  of a i r t i g h t n e s s  a r e  a l s o  d i f f e r e n t .  I n  

some c a s e s ,  new b u i l d i n g  t echno logy  i s  n e c e s s a r y  t o  minimize a i r  

l e a k a g e .  Using o t h e r  s o l u t i o n s ,  b e t t e r  a i r t i g h t n e s s  can be  achieved 

w i t h  r e l a t i v e l y  s imple  measures .  S e v e r a l  examples a r e  shown whereby 

improvements a r e  p o s s i b l e  u s i n g  such s imple  methods.  

Design t echno logy  w i l l  be a f f e c t e d  by new and more s t r i n g e n t  

r equ i rements  f o r  b u i l d i n g  low-energy, i . e .  w e l l - i n s u l a t e d  and a i r t i g h t ,  

houses .  The handbook a l s o  shows how t o  s a t i s f y  thermal  i n s u l a t i o n  

demands w h i l e  r e t a i n i n g  t h e  g o a l  o f  b u i l d i n g  problem-free houses  w i t h  

energy demands t h a t  a r e  a s  low a s  p o s s i b l e .  



REASONS FOR ACHIEVING AIRTIGHTNESS IN BUILDINGS 

I n f i l t r a t i o n  and e x f i l t r a t i o n  of a i r  th rough  a  b u i l d i n g  enve lope  has  

become accep ted  a s  a n  i n t r i n s i c  f e a t u r e  of  a  b u i l d i n g .  I n  r e s i d e n t i a l  

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

and o p e r a t i o n  o f  t h e  house.  I n  c o n t r a s t  t o  t h i s  a t t i t u d e ,  o t h e r s  

sugges t  t h a t  a i r  l e a k a g e  was tes  hea t  and i s  d e t r i m e n t a l  t o  t h e  

performance o f  t h e  b u i l d i n g .  

A i r  i n f i l t r a t i o n  i n t o  a  b u i l d i n g  canno t  be  t r e a t e d  o r  c o n d i t i o n e d ,  

nor  can i t s  r a t e  o f  supp ly  o r  d i s t r i b u t i o n  t o  t h e  occupied space  be 

c o n t r o l l e d .  At tempts  t o  do so by i n t e n t i o n a l  p r e s s u r i z a t i o n  o f  t h e  

b u i l d i n g  r e s u l t  i n  a  g r e a t e r  was te  o f  energy and promotes i n c r e a s e d  

condensat  i o n  and t h u s  d e t e r i o r a t i o n  o f  t h e  b u i l d i n g  f a b r i c .  A i r  

l e a k a g e  through a  b u i l d i n g  envelope,  and between b u i l d i n g  components, 

c a n  a l s o  d i s r u p t  t h e  in tended  o p e r a t i o n  of  h e a t i n g ,  v e n t i l a t i n g  and 

a i r  c o n d i t i o n i n g  systems and p l a c e s  l i m i t a t i o n s  on t h e  c o n t r o l  of 

n o i s e ,  f i r e  and smoke ( 1 ) .  

An overv iew o f  d i f f e r e n t  v e n t i l a t i o n  sys tems f o r  r e s i d e n t i a l  b u i l d i n g s  

i s  p resen ted  i n  Tab le  A2.1. T h i s  t a b l e  a l s o  c o n t a i n s  a  summary of  

advan tages  and d i s a d v a n t a g e s  f o r  each sys tem.  

Control  of a i r  exchange i n  b u i l d i n g s  

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

c l e a r l y  t h a t  t h e r e  i s  a  c o n n e c t i o n  between t h e  t i g h t n e s s  of t h e  

b u i l d i n g  envelope and d i f f e r e n t  t y p e s  of v e n t i l a t i o n  sys tem.  I n  t h e  

c a s e  of  n a t u r a l  v e n t i l a t i o n ,  t h e  v e n t i l a t i o n  i s  governed t o  a  

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

s i z e  and d i s t r i b u t i o n  of  l e a k a g e s .  I n  a  m u l t i - s t o r e y  b u i l d i n g  w i t h  

even ly  d i s t r i b u t e d  l e a k a g e s ,  t h e  v e n t i l a t i o n  i n  bottom a p a r t m e n t s  i s  

o f t e n  c o n s i d e r a b l e  because  of t h e  s t a c k  e f f e c t .  On t h e  o t h e r  hand, 

t h e  amount of v e n t i l a t i o n  i s  o f t e n  smal l  and i n a d e q u a t e  i n  t h e  h i g h e s t  

apa r tments  s i n c e  t h e  s t a c k  e f f e c t  i s  n e g l i g i b l e  i n  such c a s e s .  See 

F i g u r e  A2.1. 

The r e l a t i o n s h i p  between a i r t i g h t n e s s ,  v e n t i l a t i o n  system and outdoor  

c l i m a t e  h a s  been s t u d i e d  t h e o r e t i c a l l y  by Nylund ( 2 )  and o t h e r s  ( s e e  

a l s o  Chap te r  A 7 ) .  F i g u r e  A2.2 g i v e s  a n  account  of r e s u l t s  c a l c u l a t e d  



Table A 2 . 1 .  Propert ies  of v e n t i l a t i o n  systems for dweZZings. 

V e n t i l a t i o n  s y s t a  Advan tag t r  D i sadvan tages  

N a t u r a l  v e n t i l a t i o n  ( N ) .  Simple ,  low-coat i n s t a l l a t i o n s .  V e n t i l a t i o n  dependent  on  many f a c t o r s :  
No movinn Dar t0  i n  t h e  evs t em.  - wind and t e m p e r a t u r e .  H iahes t  - .  

v e n t i l a t i o n  i n  c o l d  and windy w e a t h e r .  
No e l e c t r i c i t y  c o e t .  

-human behav iou r  i n  open ing  windows o r  
s p e c i a l  v e n t i l a t i o n  p r o v i a i o n .  

- a i r t i g h t n e s s  o f  t h e  house  and l e a k a g e  
d i s t r i b u t i o n .  Leaky houses  s u f f e r  from 
e x c e s s  v e n t i l a t i o n  and d r a u g h t .  I n  
a i r t i g h t  houses  t h e r e  i s  a  r i s k  of 
i n s u f f i c i e n t  v e n t i l a t i o n  w l t h ,  e . g . ,  
c o n d e n s a t i o n  and a i r  p o l l u t i o n  
problems a #  a  r e s u l t .  

- l e n g t h  of d u c t s  and h i g h t  of b u i l d i n g .  

Space-demanding d u c t i n g  (wide d u c t s )  
e s p e c i a l l y  i n  m u l t i - a t o r e y  b u i l d i n g s .  

N a t u r a l  c o n t r o l l e d  Low-cost improvement o f  The e f f e c t s  of  such systems on 
v e n t i l a t i o n  ( N C )  . N-system. v e n t i l a t i o n  and e n e r g y  consumption a r e  
Automat ic  c o n t r o l  o f  y e t  no t  s u f f  i c i e n t l y  documented.  
oupply o r  e x h a u s t  a i r  Problems could  a r i s e  i n  c o n t r o l l i n g  a i r  
f l o w s  d u e  t o  wind o r l a n d  f l o w s  and a i r c h e n g e  r a t e s  e e p e c l a l l y  
t e m p e r a t u r e  conditions. when d r i v i n g  f o r c e s  a r e  m a l l  and 

b u i l d i n g  not  a i r t i g h t  . 
Space-demanding d u c t i n g  e s p e c i a l l y  i n  
m u l t i - s t o r e y  buildings. 

Mechanical  exhauo t  f a n  V e n t i l a t i o n  depends  m o s t l y  on A  r i s k  o f  i n s u f f i c i e n t  v e n t l l e t l o n  i n  
v e n t i l a t i o n  ( E ) .  epeed of f a n .  p a r t s  of b u i l d i n g  i f  l e d a g e s  a r e  

uneven ly  d i s t r i b u t e d  w i t h  b i g  l e a k s  
D e p r e s s u r i z a t i o n  o f  b u i l d i n g  c l o s e  t o  t h e  e x h a u s t .  
which r educeo  t h e  r i s k  o f  
m o i s t u r e  c o n v e c t i o n  ou twards  i n  A i r  i n l e t s  must be  p r o p e r l y  s i z e d  and 
t h e  c o n r t r u c t i o n r .  p l aced  t o  r educe  t h e  speed of a i r  i n t o  

Low-cost mechanical v e n t i l a t i o n  
c o n d i t i o n e d  space  ( d r a u g h t s ) .  Discomfor t  
caused  e r p e c i a l l y  when c o l d  w e a t h e r .  

s y s t m .  

An a i r t i g h t  enve lope  w i t h  
Pan f o r c e s  a r e  domina t ing  which means 

proper ly  rized and placed a i r  
t h a t  s o n l i n g  measu res  o n l y  i s  e f f e c t i v e  

i n l e t s  c o u l d  p r o v i d e  a  we l l  
t o  a  c e r t a i n  l i m i t .  Duc t s  must o f t e n  be  
c l e a n e d .  

d i e t r i b u t e d  and c o n t r o l l e d  
v e n t i l a t i o n .  

Easy t o  f i t  w i t h  h e a t  r e c o v e r y  
on  t h e  e x h a u s t  a r r  ( e . g .  h e a t  
pump f o r  h o t  w a t e r  p r o d u c t i o n ) .  

Mechanical  eupp ly  and I f  a i r t i g h t  b u i l d i n g  e x c e l l e n t  Expens ive  i n s t a l l a t i o n s .  a o p e c i a l l y  i n  
e x h a u s t  f a n  v e n t i l a t i o n  c o n t r o l  o f  v e n t i l a t i o n  i n  whole e x i s t i n g  b u i l d i n g s .  
(SE). d v e l  l ing  . Needs a  v e r y  a i r t i g h t  b u i l d i n g  t o  

P o m o i b i l i t i e s  t o  t r e a t  s u p p l y  f u n c t i o n  a s  i n t e n d e d .  Very s e n s i t i v e  t o  
a i r  w i t h  p r e h e a t i n g  and p r e s s u r e  d i r t u r b a n c o e .  
f i l t e r i n g .  Noise  from f a n s  could  b e  a  problem.  

a i r  be t aken  from a Supply a i r  d e v i c e s  muet be  p l aced  
p l a c e  where a i r  p o l l u t i o n  i s  low. p r o p e r l y  t o  avo id  d i r t  on s u r f a c e s  
Easy t o  f i t  w i t h  h e a t  r e c o v e r y .  caused  by t h e  a i r e t r e a m .  Ducte  must  

o f t e n  be  c l e a n e d .  
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Figure A 2 . 1 .  Natural v e n t i l a t i o n  i n  a multi-storey building due t o  
stack e f f e c t .  I n  t h e  bottom apartments t h e  v e n t i l a t i o n  
r a t e  i s  considerable, o f t e n  excessive.  I n  t h e  higheot 
apartments, on t h e  o ther  hand, it i s  o f t e n  very m a l 2  
and i n s u f f i c i e n t .  In r e a l i t y  t h e  pressure d i f f e rence  
i s  a l s o  influenced b y  wind effect. 

accord ing  t o  a  proposed model o f  expected v e n t i l a t i o n  i n  a  s i n g l e -  

f a m i l y  house .  I t  i s  assumed t h a t  t h e  house i s  v e n t i l a t e d  wi th  a n  

exhaus t  f a n  which i s  a d j u s t e d  so  t h a t  t h e  v e n t i l a t i o n  r a t e  i s  0 . 5  

a i r  changes  per  hour  ( a c / h )  i n  s t i l l  wind c o n d i t i o n s  and i d e n t i c a l  

indoor  and ou tdoor  t e m p e r a t u r e s .  The example i l l u s t r a t e s  how 

v e n t i l a t i o n  i s  a f f e c t e d  by wind speed .  The c u r v e s ,  d e s i g n a t e d  n  
50'  

i l l u s t r a t e d  i n  t h e  f i g u r e ,  show t h e  number of a i r  changes when 

p r e s s u r e  t e s t i n g  a t  a p r e s s u r e  d i f f e r e n c e  of  50 Pa ( w i t h  v e n t s  

b l o c k e d ) .  For  a i r t i g h t  houses ,  e . g .  n  1 . 0  a c / h ,  t h e  exhaus t  f a n  
50 - 

has  a  dominat ing e f f e c t  on v e n t i l a t i o n  and a i r  i n f i l t r a t i o n .  A i r  

i n f i l t r a t i o n  does no t  i n c r e a s e  u n t i l  v e r y  h i g h  wind speeds  a r e  i n  

f o r c e .  I n  p e r v i o u s  houses ,  e . g .  n  > 5.0 a c / h ,  t h e  a i r  l e a k a g e  
50 - 

i n c r e a s e s  r a p i d l y  wi th  wind speed .  

Using t h e  same model, F i g u r e  A2.3 shows t h e  c a l c u l a t i o n s  o f  mean 

annual  v e n t i l a t i o n  i n  s i n g l e - f a m i l y  houses  w i t h  d i f f e r e n t  l eakage  



Vent i lotion, oc lh  

0 2 L 6 8 10 
Wind speed, mls 

"50' number of ac lh  at  50 Pa pressure difference 

Figure A 2 . 2 .  Theore t ica l  c a l c u l a t i o n  of a i r  change r a t e  for a 
one-storey, oingle- family  houoe w i t h  exhaust fan 
v e n t i l a t i o n  a s  a f i m t i o ~  of wind speed and t h e  b u s e ' s  
a i r  c h n g e  r a t e  determined using t h e  pressure t e s t  
method. The s tack  e f f e c t  i s  neglected i n  t h i s  a m p l e .  
I n  impervious houses, nsO = 1 .0 ,  t h e  v e n t i l a t i o n  i s  
l i t t l e  a f f e c t e d  by wind speed whereas t h e  7 )en t i l a t ion  
i n  pervious b u s e s ,  n50 = 5.0, increases  rapid l y  mi t h  
wind speed. 

f a c t o r s  and v e n t i l a t i o n  sys tems .  I t  h a s  been assumed t h a t  t h e  average  

wind speed i s  4 m/s ,  t h e  o u t d o o r  t e m p e r a t u r e  i s  +Z'C d u r i n g  the  

h e a t i n g  s e a s o n  and t h a t  t h e  mechanical  v e n t i l a t i o n  sys tems a r e  

a d j u s t e d  t o  0 .5  a c / h  i n  s t i l l  wind c o n d i t i o n s  and i d e n t i c a l  indoor  

and ou tdoor  t e m p e r a t u r e s .  The same f i g u r e  can be  used t o  c a l c u l a t e  

energy l o s s e s  th rough  v e n t i l a t i o n  u s i n g  t h e  s c a l e  t o  t h e  r i g h t .  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  houses  w i t h  mechanical  exhaust  a i r  

v e n t i l a t i o n ,  t h e  v e n t i l a t i o n  i s  e n t i r e l y  dependent  on how t h e  

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

I n  a house w i t h  c o n t r o l l e d  supply  and exhaus t  v e n t i l a t i o n ,  t h e  r a t e  

o f  v e n t i l a t i o n  i s  de te rmined  by t h e  f a n  s e t t i n g .  However, t h e  house 

s t i l l  f u n c t i o n s  a s  a  n a t u r a l  v e n t i l a t i o n  sys tem,  i . e .  a  balanced 

system does  n o t  a f f e c t  t h e  p r e s s u r e  s t a t e  and a i r  l eakage  can t a k e  

p l a c e  unhindered th rough  l e a k s  i n  t h e  b u i l d i n g ' s  enve lope .  T h i s  

u n d e s i r a b l e ,  e x t r a  a i r  f l o w  i s  t h u s  determined by t h e  ou tdoor  c l i m a t e  
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Figure A 2 . 3 .  Theore t ica l  ca lcuZat ion  o f  mean annual u e n t i l a t i o n  for 
d i f f e r e n t  t ypes  o f  v e n t i l a t i o n  system i n  a s ing le -  
family dwell ing a s  a func t ion  o f  t he  house's 
perviousness and from t e s t s  using t h e  pressure t e s t  
method. The sca le  on  t h e  r i g h t  i nd ica te6  energy l o s s e s  
i n  Stockholm ' s  c l ima te  caused by v e n t i l a t i o n ,  based on 
a dormer house w i th  approx. 130 m2 l i v i n g  area. 

SE = supply and exhaust v e n t i l a t i o n  system, 
E = exhaust fan ver . t i2u t ion  system u i t h  3l0t  a i r  

oazves,  
N = natural  v e n t i l a t i o n  wi thout  a i r  supply dev i ces .  

and  t h e  s i z e  of  l e a k s ,  and  c a n  b e  shown t o  be  g r e a t e r  t h a n  i n  h o u s e s  

f i t t e d  w i t h  o n l y  e x h a u s t  a i r  v e n t i l a t i o n .  T h e r e f o r e  t h e r e  i s  

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

m e c h a n i c a l  s u p p l y  and e x h a u s t  a i r  s y s t e m .  T h i s  becomes even more 

s i g n i f i c a n t  i f  t h e  h o u s e  i s  f i t t e d  w i t h  a  h e a t  r e c o v e r y  s y s t e m .  

O b v i o u s l y ,  i t  i s  o n l y  t h e  a i r  which i s  e x h a u s t e d  t h r o u g h  t h e  h e a t  

r e c o v e r y  s y s t e m  t h a t  c a n  have  i t s  h e a t  e x t r a c t e d .  Houses w i t h  

m e c h a n i c a l  s u p p l y  and e x h a u s t  a i r  s y s t e m s  f i t t e d  w i t h  a  h e a t  r e c o v e r y  

sys t em s h o u l d  b e  made v e r y  a i r t i g h t  i f  t h e  sys t em i s  t o  f u n c t i o n  a s  

i n t e n d e d ,  i . e .  a s  a  low-energy house .  

The  examples  show t h a t  w i t h  i n c r e a s i n g  a i r t i g h t n e s s  u n d e s i r a b l e  a i r  

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



I n  houses w i t h  n a t u r a l  v e n t i l a t i o n ,  i t  i s  o f t e n  assumed t h a t  t h e  

b u i l d i n g  i s  p e r v i o u s .  The v e n t i l a t i o n  i s  p r i m a r i l y  determined by t h e  

ou tdoor  c l i m a t e  and n o t  by t h e  f r e s h  a i r  r equ i rement .  T h i s  means t h a t  

i f  t h e  minimum requ i rements  f o r  a i r  q u a l i t y  a r e  t o  be main ta ined  f o r  

a l l  ou tdoor  c l i m a t i c  c o n d i t i o n s ,  v e n t i l a t i o n  d u r i n g  t h e  g r e a t e r  p a r t  

of t h e  y e a r  i s  e x c e s s i v e .  Systems f o r  c o n t r o l l e d  n a t u r a l  v e n t i l a t i o n  

which r e a c t  t o  c l i m a t i c  changes by r e g u l a t i n g  exhaus t  o r  supply  a i r  

f lows  a r e  under development.  Se F i g u r e  A 2 . 4 .  I n  a i r t i g h t  b u i l d i n g s  

w i t h  n a t u r a l  v e n t i l a t i o n  sys tems ,  v e n t i l a t i o n  i s  dependent on human 

behaviour  - opening windows. 

Figure A2.4.  Special  patented s l o t  a i r  valve "SPAR-VEN" for 
con t ro l l i ng  t h e  amount o f  supply a i r  i n  a natural  
v e n t i l a t i o n  system. 

Th i s  v e n t i l a t o r  could e a s i l y  be mounted i n  t h e  upper 
casement o f  a window. Air comeo i n  through d r i l l e d  
holes  A i n  t h e  casement. fien co lder  a i r ,  t h e  b i m e t a l l i c  
s p i r a l  B coo l s  d o m  by t h e  a irs t ream C and t h e  gap D 
g e t s  smaZ Zer. h%en windy weather t h e  bimetal Zic s p i r a l  
c o o l s  down even more by t h e  airs treams C,  Cl  and C2 
which r e s u l t s  i n  further reduct ion  o f  t he  gap. As t h e  
a i r  temperature g e t s  higher,  t h e  gap i s  widening i n  a 
corresponding way. 

Mechanical  v e n t i l a t i o n  sys tems must be des igned c o r r e c t l y .  
The f o l l o w i n g  Swedish example shows some of  t h e  problems 
( 2 ,  3 ) .  

I n  houses  v e n t i l a t e d  w i t h  an  exhaus t  system, t h e  e x h a u s t  
a i r  f l o w  i s  o f t e n  r e g u l a t e d  i n  Sweden by a  c e n t r a l l y  
p o s i t i o n e d  c o n t r o l  d e v i c e  on t h e  k i t c h e n  e x h a u s t .  The 



exhaust  a i r  f a n  i s  normal ly  f i t t e d  i n  t h e  v e n t i l a t i o n  duc t  
above t h e  r o o f .  There  i s  seldom a n  exhaus t  a i r  d e v i c e  i n  
bedrooms, workrooms, e t c .  whereas a d e v i c e  i s  f i t t e d  i n  wet 
rooms and k i t c h e n s .  "Tainted a i r "  i s  e x t r a c t e d  v i a  t h e  
exhaust  a i r  d e v i c e ,  w h i l e  outdoor  a i r  e n t e r s  t h e  house v i a  
a i r  supply  d e v i c e s  ( e . g .  s l o t  a i r  v a l v e s ) .  These a r e  o f t e n  
p o s i t i o n e d  above windows i n  rooms where t h e r e  a r e  no exhaust  
a i r  d e v i c e s  ( s e  F i g u r e  A2.5) .  

Adj U stable 1 

Principle of an exhaust fan 
v e n t i l a t i o n  system wi th  a " s l o t  
a i r  valve" mounted i n  the  upper 
frame o f  a window. The opening 
i n  t h e  s l o t  a i r  valve i s  
adjustable but  cannot be 
closed completely. 

According t o  t h e  Swedich Bui ld ing  Code (SBN) t h e  minimum a i r  
change r a t e  f o r  t h e  whole house must n o t  be l e s s  than  0.35 
11s  per  m 2  (dm3/s p e r  m2) o f  l i v i n g  a r e a .  T h i s  cor responds  
t o  approximately  0.5 a c / h  f o r  t h e  whole house.  SBN says  
no th ing  about  a  minimum a i r  change r a t e  f o r  bed- and l i v i n g  
rooms, i t  merely  s t a t e s  t h a t  "discomfor t  must n o t  a r i s e " .  

T r a c e r  g a s  t e c h n i q u e s  have been a p p l i e d  t o  check a i r  change 
r a t e s  i n  bedrooms occupied f o r  a long p e r i o d  i n  two detached 
houses  w i t h  d i f f e r e n t  a i r t i g h t n e s s  (A and B). The r e s u l t s  
a r e  summarized i n  Tab le  A2.2. 

I n  a  t y p e  A house,  t h e  m a j o r i t y  of t h e  supply a i r  e n t e r s  v i a  
t h e  s l o t  a i r  v a l v e s  i n  t h e  rooms. T h i s  means t h a t  a l l  rooms 
a r e  v e n t i l a t e d .  I n  t h e  s l i g h t l y  l e s s  t i g h t  house,  t y p e  B, a 
g r e a t e r  p r o p o r t i o n  o f  supply  a i r  e n t e r s  v i a  l e a k s  i n  t h e  
s t r u c t u r e .  S ince  t h e s e  a r e  n o t  evenly  d i s t r i b u t e d  throughout  
t h e  b u i l d i n g ,  t h e r e  i s  a  r i s k  t h a t  i n d i v i d u a l  rooms w i l l  be 



Table A 2 . 2 .  A i r  change ra t e s  for d i f f e r en t  fan se t t ings  
i n  a master bedroom with s l o t  a i r  valve open 
and cZosed respect ive ly .  The door t o  the 
master bedroom was closed. 

Houee Leakase f a c t o r  Pan s e t t i n g  

ac  / h  a t  50 Pa 

Measured a i r  change r a t e  i n  
bedroom 

dm3/s (&h) h-l 

A 1 .o 2  
Fan s e t  a s  per  SBN ( 0 . 3 5  1 1 s  m ) 
approx .  0 . 5  a c l h  throughout  whole 
hvuse,  61ot a l r  v a l v e  open 8 . 2  (29 .5 )  1  .cl  

Fan s e t  a o  pe r  SBX (0 .35 1 1 s  m2) 
approx .  0 .5  a c / h  throughout  whole 
house. s l o t  a i r  v a l v e  c l o s e d  6 .0  ( 2 1 . 6 )  0 .73 

B 3  . 0  2  
Fan s e t  a s  pe r  SBN ( 0 . 3 5  1 1 s  m ) 
approx .  0 .5  s c / h  throughouc vhol r 
house. s l o t  a i r  v n l v e  open 5.4 ( 1 9 . 6 )  0.66 

2 Fan e e t  a s  per  SBS (0 .35  1 1 s  m ) 
approx .  0 .5  ac /h  th roughou t  whole 
house,  s l o t  a i r  v a l v e  c l o s e d  2.3 ( 8 . 4 )  0 . 2 6  

Pen o n  bna lc  s e t t i n g  approx .  
0 . 2 5  a c / h  throughvuc whole house ,  
e l o t  a i r  v a l v e  open 3 .4  ( 1 2 . 2 )  0 .37  

Fan on b a s i c  s e t t i n g  approx .  
0 . 2 5  a c l h  throughout  whole houae. 
p l o t  a i r  v a l v e  c l o s e d  1 .4  ( 5 . 0 )  0 .15  

NB The s l o t  a i r  valve i n  house A could not be closed 
completely whereas it could i n  Iwuse B. 

i n a d e q u a t e l y  v e n t i l a t e d  even i f  t h e  house a s  a  whole i s  
w e l l  v e n t i l a t e d .  S i m i l a r  r e s u l t s  have been found by 
Blomsterberg  ( 4 ) .  

Measurement r e s u l t s  show t h a t  s l o t  a i r  v a l v e s  have a  d e c i s i v e  
e f f e c t  on a  room's a i r  change r a t e .  T h e r e f o r e  i t  should n o t  
be  p o s s i b l e  t o  c l o s e  t h e  s l o t  a i r  v a l v e  c o m p l e t e l y .  

Even w i t h  t h e  f a n  s e t t i n g  a t  t h e  a i r  change r a t e  recommended 
by SBN, a  c l o s e d  s l o t  a i r  v a l v e  i n  a  t y p e  B house  r e s u l t e d  i n  
a  v e r y  low a i r  change r a t e ,  approx .  2 . 3  dm3/s (8 .4  m3/h) .  
Fur thermore ,  t h e  v a l u e  i s  l e s s  t h a n  when t h e  f a n  i s  s e t  a t  
i t s  b a s i c  s e t t i n g  w i t h  t h e  s l o t  a i r  v a l v e  open.  

The measurements i n d i c a t e  t h a t  a n  a i r t i g h t  house a l l o w s  more 
scope f o r  a c h i e v i n g  t h e  r e q u i r e d  v e n t i l a t i o n  i n  d i f f e r e n t  
rooms t h a n  a  l e s s  a i r t i g h t  house .  Uncon t ro l l ed  l e a k s  i n  t h e  
u n t i g h t  houses  w i t h  mechanical  exhaus t  v e n t i l a t i o n  can  r e s u l t  
i n  p a r t s  of t h e  house  being i n a d e q u a t e l y  v e n t i l a t e d .  T h i s  
l e a d s  t o  poor a i r  q u a l i t y  and a  r i s k  of m o i s t u r e  problems. 

The measurements a l s o  i n d i c a t e  t h a t  more a t t e n t i o n  must be 
pa id  t o  t h e  v e n t i l a t i o n  system d u r i n g  d e s i g n .  

There  i s  a need t o  s t u d y  t h e  i n t e r a c t i o n  between b u i l d i n g  t echno logy  

and v e n t i l a t i o n  t echno logy  bo th  w i t h  regard  t o  new d e s i g n s  and i n  t h e  

c a s e  o f  energy s a v i n g  measures  a p p l i e d  t o  e x i s t i n g  b u i l d i n g s .  

T i g h t e n i n g  measures  should  n o t  be a p p l i e d  t o  t h e  e x t e n t  where t h e  

r e q u i r e d  v e n t i l a t i o n  i s  j eopard ized  . 



A i r  l eakage  through t h e  b u i l d i n g  envelope l e a d s  t o  a  number o f  

consequences  which c a n  be c l a s s i f i e d  under t h e  f o l l o w i n g  head ings :  

a > e f f i c i e n t  energy u s e  

b )  comfort and hygiene consequences 

c  > b u i l d i n g  d e s i g n  and m o i s t u r e  problems 

d  a c o u s t i c  c o n t r o l .  

A 2 . 2  Efficient energy use 

From a n  energy v i e w p o i n t ,  i t  i s  important  t o  l i m i t  t h e  v e n t i l a t i o n  

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

energy i s  consumed i n  h e a t i n g  ou tdoor  a i r .  Energy l o s s e s  i n  a  b u i l d i n g  

can be d e s c r i b e d  a s  i n  F i g u r e  A 2 . 6 .  As can  be s e e n ,  u n d e s i r a b l e  

v e n t i l a t i o n  r e s u l t i n g  from a i r  i n f i l t r a t i o n  through t h e  b u i l d i n g  

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

Energy 
losses - - - - -  

Energy losses 
governed by 

t ransmiss~on 

Figure A 2 . 6 .  Exampele o f  energy l o s s e s  dxe t o  v e n t i l a t i o n  and thermal 
t ransmiss ion  i n  a dwel l ing .  

The des i rab le  ven t iZa t ion  is primari ly  governed by  t h e  
v e n t i l a t i o n  system whi le  t h e  i n f i l t r a t i o n  depends on t h e  
in t e rac t io r .  betueen b u i l d i w  se rv i ces  and t h e  b u i l d i n g ' s  
a i r t i gh tneca .  Th i s  i s  o f t e n  not considered when 
designing bv i ld ings .  

V e n t i l a t i o n  energy consumption i s  c l e a r l y  i l l u s t r a t e d  i n  Chapter  A . 3 .  

Older  houses  n e a r l y  a lways  have n a t u r a l  v e n t i l a t i o n  which i s  dependent  

t o  a  l a r g e  e x t e n t  on t h e  p e r v i o u s n e s s  of t h e  b u i l d i n g .  To e n s u r e  

s u f f i c i e n t  v e n t i l a t i o n  f o r  d i f f e r e n t  ou tdoor  c l i m a t i c  c o n d i t i o n s ,  t h e  

average  v e n t i l a t i o n  i s  o f t e n  e x c e s s i v e .  A s u r v e y  of  a  r e l a t i v e l y  



l a r g e  number of houses  i n  Sweden i n  t h e  e a r l y  1970s showed t h a t  t h e  

a v e r a g e  v e n t i l a t i o n  i n  s i n g l e - f a m i l y  houses  amounted t o  0.7-0.8 a i r  

changes  p e r  hour ( a c / h )  ( 5 ) .  These  houses  had been b u i l t  w i t h o u t  any 

s p e c i a l  r e g a r d  t o  a i r t i g h t n e s s  r e q u i r e m e n t s .  Sample t e s t s  showed t h a t  

t h e  houses '  t i g h t n e s s  when p r e s s u r e  t e s t i n g  a t  a  p r e s s u r e  d i f f e r e n c e  

of 50 P a  amounted o n  a v e r a g e  t o  5 a c / h .  There  were,  however, 

c o n s i d e r a b l e  d i f f e r e n c e s  between d i f f e r e n t  houses .  Recen t ly  b u i l t  

houses  i n  Sweden a r e  more a i r t i g h t  owing t o  more r i g o r o u s  requ i rements  

which have l e d  t o  a  r e d u c t i o n  i n  i n f i l t r a t i o n .  

S i m i l a r  r e s u l t s  have been recorded  i n  c o u n t r i e s  such as  Canada and 

S w i t z e r l a n d .  

To save  energy,  many o l d e r  houses  w i t h  n a t u r a l  v e n t i l a t i o n  have been 

made more a i r t i g h t .  T h i s  has  l e d  t o  i n s u f f i c i e n t  v e n t i l a t i o n  i n  a  

number of c a s e s .  I n  t u r n ,  t h i s  has  meant t h a t  a  s i g n i f i c a n t  number of  

houses  s u f f e r  from poor a i r  q u a l i t y  and a s s o c i a t e d  m o i s t u r e  problems 

such a s  s u r f a c e  c o n d e n s a t i o n  on windows. I n  extreme c a s e s  even mould 

h a s  been observed i n  c e r t a i n  p a r t s  of t h e  d w e l l i n g .  

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  e x c e s s  v e n t i l a t i o n  i n c r e a s e  t h e  energy  

requ i rement  f o r  h e a t i n g .  

0 Excess v e n t i l a t i o n  a i r  must  be hea ted  t o  room tempera tu re .  

o Leaks c a n  g i v e  r i s e  t o  d r a u g h t s  which must be compensated 
f o r  by a n  i n c r e a s e  i n  room tempera tu re  which i n  t u r n  c a u s e s  
i n c r e a s e d  energy l o s s e s .  

o A i r  l e a k a g e  can c o o l  i n n e r  s u r f a c e s  of  p a r t s  of t h e  o u t e r  
s t r u c t u r e .  The room tempera tu re  m u s t  t h e r e f o r e  be i n c r e a s e d  
t o  compensate f o r  r a d i a t i o n  l o s s e s .  

o Leaks can  a l s o  g i v e  r i s e  t o  blow th rough  i n  m i n e r a l  wool 
i n s u l a t e d  c o n s t r u c t i o n s  f o r  example, s i g n i f i c a n t l y  reduc ing  
t h e  i n s u l a t i o n  e f f e c t  . 

A2.3 Comfort and hygiene consequences 

Apart  from t h e  e f f e c t s  on energy requ i rements ,  u n c o n t r o l l e d  a i r  

l eakage  a l s o  c a u s e s  d i s c o m f o r t .  A number of  i n v e s t i g a t i o n s  a g r e e  w i t h  

Ax6n and P e t t e r s s o n ' s  f i n d i n g s  ( 6 )  t h a t  s i g n i f i c a n t  d e f i c i e n c i e s  i n  

i n s u l a t i o n  and a i r t i g h t n e s s  t e c h n i q u e s  a r e  e v i d e n t  even i n  newly 

b u i l t  houses ,  r e s u l t i n g  i n  widespread c o m p l a i n t s  o f  uncomfor tab le  

d r a u g h t s .  The d e f i c i e n c i e s  o f t e n  have a  s y s t e m a t i c  c h a r a c t e r  and 

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



c o n s t r u c t i o n s ,  m a t e r i a l s  and working methods.  F i g u r e  A2.7 shows a 

s k e t c h  of where s e n s i t i v e  components o f t e n  o c c u r  from t h e  thermal 

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

Column wall joints t 
truss (pitched roof) Intermediate 

Eaves 

Bottom joists J 
to outs~de wal 

Column wall joint to inter 
joists (see F~gures A2.8 and 9) 

Figure A 2 . 7 .  The structuraZ sec t ions  which o f t e n  g i v e  r i s e  t o  
complaintc about draughts .  The ways i n  which 
a i r t i g h t n e s s  i s  achieved a t  j o i n t s  between d i f f e r e n t  
buiZdirg elements are seldom .~hown i n  bu i ld ing  
documentation. 

As can  be s e e n  from t h e  f i g u r e ,  l e a k s  o f t e n  o c c u r  a t  j o i n t s .  Leakages 

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

of d r a u g h t  i n  t h e  w i n t e r .  Draughts  from windows and f l o o r  a r e  o f t e n  

sensed a s  being uncomfor table  and c o l d .  Leakage a t  c e i l i n g  j o i n t s  c a n  

g i v e  r i s e  t o  f l o o r  d r a u g h t s  a s  a  r e s u l t  of c o l d  down d r a u g h t s  a t  

e x t e r n a l  w a l l s  which t h e n  f low a c r o s s  t h e  f l o o r .  

EXAMPLE OF CONSEQUENCES OF BAD DESIGN AND WORKMANSHIP 

A p a r t i c u l a r l y  d i f f i c u l t  i t e m  of  c o n s t r u c t i o n  i n  a  dormer 
s i n g l e - f a m i l y  d w e l l i n g  i s  where t h e  column w a l l  i s  jo ined  
t o  t h e  i n t e r m e d i a t e  j o i s t s  ( 7 ) .  F i g u r e  A2.8 shows an 
i l l u s t r a t i o n  of  t h i s  common type  of j o i n t .  The f i g u r e  
a l s o  shows a  r e c o n s t r u c t i o n  of  t h e  normal method of 
connec t ion  i n  a  group of  b u i l d i n g s .  F i g u r e  A2.9 shows a 
thermogram from f l o o r  l e v e l  i n s i d e  t h e  column w a l l  f o r  t h e  
c o n s t r u c t i o n  shown i n  F i g u r e  A2.8. These f i g u r e s  show t h a t  
t h e r e  i s  a  c o n s i d e r a b l e  amount of  a i r  l eakage  a t  t h e  j o i n t  
i n  t h e  upper f l o o r ,  which i n  i t s e l f  is  uncomfor tab le ,  and 
t h a t  t h e  t empera tu re  a t  t h e  j o i n t  and a t  t h e  f l o o r  i s  ve ry  
low d u r i n g  w i n t e r .  The main reason  f o r  t h e  d e f i c i e n c i e s  i s  
t h a t  t h e  p l a n n i n g  documentat ion does  n o t  g i v e  s imple  and 
c l e a r  i n d i c a t i o n s  o f  how a i r t i g h t n e s s  i s  t o  be ach ieved  
a t  t h e  i n t e r m e d i a t e  j o i s t s .  The r e s u l t  is  a s i g n i f i c a n t  
l eakage  of a i r  and c o n s i d e r a b l e  d i s c o m f o r t  f o r  t h e  
occupant  S .  
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a )  An example o f  common drawing d o m e n t a t i o n  shawing how the 
jo in t  betueen support wall and intermediate j o i s t s  i s  t o  
be carried out i n  a dormer house. Keeping i n  mind the  fact 
that  the  load bearing beams pass through both the  a i r  
sealing and thermal insulat ing layers ,  there i s  l i t t l e  
chance of  producing a good r e s u l t  i n  practice.  

) This  i s  the  way the  construction was carried out  i n  
practice. The in ternal  plasterboard has naturally been 
joined between the  beams and a i r t igh tness  has not been 
achieved. The external  wind shie ld  made of part ic le  board 
has been joined above the  beams and again a i r t igh tness  
has not been achieved, The mineral wool has not 
compZetely f i l l e d  the Zower sect ion of  the colwnn wal l .  



Figure A2.9 .  

Thermogram from the  f loor  l e v e l  i n s i d e  the  colwnn wall  i n  
the  cons truc t ion  i n  Figure A 2 . 8 .  The f igure  t o  t h e  l e f t  i s  
a grey tone photograph and the  one t o  t he  r i g h t  an i so t e rm 
photograph. When the  thermophotography wac carr ied  out  t h e  
outdoor temperature was - P C  and the  room temperature 
+22.5OC. The thermogram shows t h a t  t he  temperature 
d i f f e r e n c e  between the  co ldes t  and warmest areas a t  t he  
j o i n t  i s  7 .  d°C. Th i s  i s  an unacceptable temperature drop. 
Measurements show t h a t  t he  a i r  speed a t  t he  ac tual  f loor  
angle amounted t o  6-7 m/s when the  i n t e r n a l  pressure 
d i f f e r e n c e  was 5 ?a. Def iciences i n  a i r t i g h t n e s s  and i n  
f i l l i n g  w i t h  thermal i n s u l a t i o n  have there fore  cauoed 
discomfort .  Discomfort i s  increased by "unres t r i c t ed  blow 
through" i n  t h e  intermediate  j o i s t s .  

A c e r t a i n  minimum v e n t i l a t i o n  i s  r e q u i r e d  t o  ach ieve  t h e  d e s i r e d  a i r  

q u a l i t y  i n  a  b u i l d i n g .  The v e n t i l a t i o n  system i n  t h e  b u i l d i n g  must 

produce t h e  r e q u i r e d  v e n t i l a t i o n  whether t h e  system i s  n a t u r a l l y  

v e n t i l a t e d  o r  f a n - a s s i s t e d .  Apar t  from v e n t i l a t i o n  t o  p r o v i d e  a i r  

of good q u a l i t y ,  a d d i t i o n a l  a i r  i s  sometimes r e q u i r e d  f o r  combustion 

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

The r e q u i r e d  v e n t i l a t i o n  depends on t h e  amount of a i r  p o l l u t i o n  t h a t  

i s  p r e s e n t .  Apar t  from indoor  p o l l u t a n t s  t h e  ou tdoor  a i r  q u a l i t y  i s  

a l s o  impor tan t :  a i r  o f  t e n  c o n t a i n s  h i g h  c o n c e n t r a t i o n s  o f  p o l l u t a n t  S ,  

e s p e c i a l l y  i n  urban a r e a s .  The h i g h e s t  c o n c e n t r a t i o n s  u s u a l l y  occur  

a t  ground ( s t r e e t )  l e v e l  where t h e  i n t e r n a l  n e g a t i v e  p r e s s u r e  i s  a l s o  

h i g h e s t  owing t o  t h e  s t a c k  e f f e c t .  The most p o l l u t e d  a i r  could  t h e n  

e n t e r  t h e  b u i l d i n g  v i a  l e a k s  a t  ground l e v e l .  By making b u i l d i n g s  

a i r t i g h t ,  a i r  could  be brought  i n  where t h e  c o n c e n t r a t i o n  of 

p o l l u t a n t s  i s  a t  t h e  lowes t  ( a t  t h e  r o o f ) .  C lean ing  incoming a i r  

w i t h  d i f f e r e n t  k i n d s  of  f i l t e r s  i s  then  a l s o  a  p o s s i b i l i t y .  
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r p o l l u t a n t s  a r e ,  f o r  example,  o d o u r s  from humans and 

t o b a c c o  smoke, o x i d e s  of  n i t r o g e n ,  c a r b o n  d i o x i d e ,  ca rbon  

formaldehyde ,  hydroca rbons  and p a r t i c u l a t e  m a t t e r .  I o n i z i n g  

r a d i a t i o n  from radon  and r adon  decay  p r o d u c t s  c a n  b e  a  problem i n  

b u i l d i n g s  b u i l t  on r a d i o a c t i v e  ground o r  made o f  c e r t a i n  m a t e r i a l s .  

Formaldehyde,  a s  w e l l  a s  r adon ,  p r e s e n t s  a  p a r t i c u l a r  problem i n  many 

h o u s e s .  Formaldehyde i s  e m i t t e d  from g l u e s  used  i n  c h i p b o a r d s ,  f o r  

example,  and urea- formaldehyde  (UF) foam i s  sometimes used  f o r  t he rma l  

i n s u l a t i o n .  I n  t h e  U n i t e d  S t a t e s ,  t h e  Consumers '  P r o d u c t  S a f e t y  

Commission h a s  p r o h i b i t e d  t h e  u s e  o f  UF foam and a r e  d i s c u s s i n g  

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

The problem of i n d o o r  p o l l u t a n t s  i s  f u r t h e r  d e s c r i b e d  by L i n d v a l l  and 

MAnsson ( 8 ) .  T h i s  p a p e r  i s  a  r e s u l t  o f  t h e  work on  minimum v e n t i l a t i o n  

r a t e s  i n  IEA annex I X .  

R e g u l a t i o n s  on  minimum v e n t i l a t i o n  and maximum c o n c e n t r a t i o n s  of  

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

C h a p t e r  A 5 .  

A2.4 B u i l d i n g  d e s i g n  and  moisture problems 

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

a d e q u a t e  p r o t e c t i o n  a g a i n s t  wind and r a i n .  T h i s  means t h a t  g r e a t  

a t t e n t i o n  was p a i d  t o  windows, d o o r s ,  w a l l s  and j o i n t s  be tween w a l l  

s e c t i o n s  t o  e n s u r e  wind p r o t e c t i o n  and r a i n  r e j e c t i o n .  The o u t s i d e  

roo f  i s  i n t e n d e d  t o  p r o v i d e  a d e q u a t e  p r o t e c t i o n  a g a i n s t  p r e c i p i t a t i o n  

and wind t o  a  c e r t a i n  e x t e n t .  Thus no t  t o o  much a t t e n t i o n  was p a i d  t o  

b u i l d i n g  t i g h t  r o o f  j o i s t s  s t r u c t u r e s .  Canad ian  s t u d i e s  ( 9 )  show t h a t  

a  c o n s i d e r a b l e  amount o f  a i r  l e a k a g e  goes  t h r o u g h  t h e  r o o f  j o i s t  

s t r u c t u r e .  To a g r e a t  e x t e n t  t h i s  i s  caused  by t h e  l a r g e  number of  

p e n e t r a t i o n s  i n  t h e  vapour  b a r r i e r  f o r  s e r v i c e  d u c t s  and p i p e s  i n  

c e r t a i n  t y p e s  o f  b u i l d i n g s ,  s e e  F i g u r e  A2.10 and (10 ) .  I n  t i m b e r  

h o u s e s ,  a i r  l e a k a g e  a l s o  depends  on  t h e  f a c t  t h a t  a i r - v a p o u r  b a r r i e r s  

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

means t h a t  t h e r e  a r e  d u c t s  and o p e n i n g s  from lower  f l o o r s  up t o  t h e  

l o f t .  Because o f  t h e  p r e s s u r e  d i f f e r e n c e s  which o f t e n  o c c u r  i n  h o u s e s  

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

p l a c e  from warn a r e a s  t o  t h e  l o f t  s p a c e .  C o n d e n s a t i o n  i s  t h e r e f o r e  

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



Figure A2.10.  Common a i r  e x f i l t r a t i o n  paths from the  l i v i n g  space a t  
t he  upper port ions o f  t he  house: ( 1 )  around f lue  and 
plumbing c t a c k ,  (2) through the  i n s u l a t i o n ,  ( 3 )  abovc 
dropped c e i l i n g s ,  ( 4 1  around e n t r i e s ,  ( 5 )  penetraLionc 
i n  ou te r  u a l l s  and eaves ,  ( G )  Zenkagc ?AI) through 
i n t e r i o r  wa l l s  and e l e c t r i c a l  syotems and (7) recessed 
l ig i z t s .  

extreme c a s e s ,  s e v e r e  i c e  fo rmat ion  can occur  and t h i s  i s  r e f e r r e d  t o  

i n  a Canadian i n v e s t i g a t i o n  ( 1 1 ) .  Mois tu re  problems, p r i m a r i l y  i n  

h o r i z o n t a l  r o o f s ,  a r e  common i n  c o u n t r i e s  such a s  Denmark and Sweden 

where t h e  c a u s e  i s  o f t e n  c a l l e d  "mois tu re  convection",  i . e .  warm, m o i s t  

a i r  l e a k i n g  through gaps  from t h e  i n s i d e  t o  t h e  o u t s i d e .  The a c t u a l  

l e a k a g e s  need no t  be p a r t i c u l a r l y  l a r g e  f o r  t h e  consequences  t o  be 

s e v e r e ,  s e e  F i g u r e  A2.11. 

There  have been f r e q u e n t  examples of  such damage when cover ing  t h e  

c e i l i n g  w i t h  wood o n  t h e  upper f l o o r  of dormer houses .  Mould and,  i n  

p a r t i c u l a r l y  bad c a s e s ,  r o t  h a s  o c c u r r e d .  F i g u r e  A2.12 shows damage 

caused by m o i s t u r e  on an e x t e r n a l  p a n e l .  Even r e l a t i v e l y  good 

v e n t i l a t i o n  of t h e  l o f t  and t h e  p i t c h e d  roof  h a s  n o t  p reven ted  

c o n d e n s a t i o n  damage. T h i s  i s  a n o t h e r  r e a s o n  why i t  i s  impor tan t  t o  

b u i l d  a i r t i g h t  houses .  A l l  p a r t s  should  be des igned  w i t h  good 

a i r t i g h t n e s s  i n  mind.  



Air  leakage - condensotion 
on the roof panel 

I 

Figure A 2 . 1 1 .  A c o m o n  m e t b d  o f  j o in t ing  between an  ou t s ide  wall  and 
a t r u s s  i n  a dormer house. As a r e s u l t  o f  to lerances  
appl ied during bu i ld ing  work, smaller gaps i n  t h e  
a c t m l  j o in t  a r e  not  uncommon. Under c e r t a i n  condit ionn 
an  i n t e r n a l  overpresmre  sometimes occurs  a t  t h e  roof  
i n  upper f loors  o f  dormer houses.  When there  a r e  gaps, 
a i r  can leak t h o u g h  and cause moisture damage. I t  has 
been shown t h a t  gaps w i t h  a width o f  a  few m are  
s u f f i c i e n t  t o  cause damage. 

Figure A2 .12 .  ~ l u e i n g  and i n i t i a l  r o t  damage on t h e  roof  panel. I t  
can be seen t h a t  t h e  main cause i s  t h e  a i r  Leakage 
which can occur a s  shown i n  Figure A2 .11 .  Experience 
has shown t h a t  i t  i s  not possibZe t o  avoid damage by 
improving v e n t i l a t i o n  o f  t h e  a t t i c .  Only by making 
j o i n t s  a i r t i g h t  i 8  i t  poss ib le  t o  e l im ina te  mois ture  
a c c w m l a t i o n  and t h e  consequent r i s k  o f  mould and r o t  
damage. 

Problems w i t h  m o i s t u r e  convec t ion  a l s o  depend on t h e  d e s i g n  of t h e  

v e n t i l a t i o n  system. The abovelnent ioned problems a r e  p r i m a r i l y  

a s s o c i a t e d  w i t h  n a t u r a l  v e n t i l a t i o n .  I n  t h e  c a s e  o f  exhaus t  a i r  

v e n t i l a t i o n  w i t h  supply a i r  coming through s l o t  a i r  v a l v e s  and /or  



l e a k a g e s  t h e r e  i s  normal ly  a n e g a t i v e  p r e s s u r e  i n  t h e  house .  T h i s  

u s u a l l y  means t h a t  a i r  l e a k s  i n  th rough  t h e  e n t i r e  b u i l d i n g  enve lope .  

The r i s k  of  m o i s t u r e  problems a s  d e s c r i b e d  above i s  v e r y  smal l  i n  

t h i s  c a s e .  

I n  houses w i t h  balanced v e n t i l a t i o n  employing both  mechanical  supp ly  

and exhaus t  a i r ,  i t  i s  more d i f f i c u l t  t o  de te rmine  t h e  p r e s s u r e  

c o n d i t i o n s  i n  t h e  house .  Less  wel l -balanced sys tems c a n  r e s u l t  i n  

p o s i t i v e  o r  n e g a t i v e  p r e s s u r e  i n d o o r s .  Wind and s t a c k  e f f e c t s  can a l s o  

i n f l u e n c e  t h e  p r e s s u r e  d i f f e r e n c e .  Exper ience  i n  Sweden has  shown t h a t  

systems a r e  o f t e n  balanced so  t h a t  t h e r e  i s  a  smal l  p o s i t i v e  p r e s s u r e  

i n s i d e  t h e  house q u i t e  simply t o  avoid d r a u g h t s  through l e a k a g e s .  The 

r e s u l t a n t  a i r  t r a n s p o r t  can l e a d  t o  s e v e r e  condensa t ion  problems.  

There  a r e  s e v e r a l  examples of  r e s u l t a n t  m o i s t u r e  damage t o  w a l l s  and 

windows. I n  c e r t a i n  c i rcumstances ,  t h e  problems can  be q u i t e  simply 

e l i m i n a t e d  by r e b a l a n c i n g  t h e  v e n t i l a t i o n  system so t h a t  t h e r e  i s  a  

smal l  n e g a t i v e  p r e s s u r e  i n s t e a d .  I t  i s  d i f f i c u l t ,  however, t o  m a i n t a i n  

such  a  smal l  p r e s s u r e  d i f f e r e n c e  b e a r i n g  i n  mind t h e  way f i l t e r s  e t c .  

g e t  clogged up.  The b e s t  way t o  c o n t r o l  t h e s e  m o i s t u r e  problems i s  t o  

b u i l d  t h e  house a s  a i r t i g h t  a s  p o s s i b l e  s o  t h a t  e x t r a  a i r  l eakage  i s  

minimized.  

A i r  l eakage  through d i f f e r e n t  w a l l  and j o i s t  s t r u c t u r e s  can a l s o  

d r a s t i c a l l y  a f f e c t  t h e  thermal i n s u l a t i o n  c h a r a c t e r i s t i c s  of  t h e  

c o n s t r u c t  i o n .  

F i g u r e  A2.13 i l l u s t r a t e s  t h e  e f f e c t  of  a i r  p e n e t r a t i n g  a  wood-frame 

w a l l  w i t h  m i n e r a l  wool i n s u l a t i o n  a c c o r d i n g  t o  Bankvall  ( 1 2 ) .  A 

compara t ive ly  i n s i g n i f i c a n t  amount of  a i r  p e n e t r a t i o n  c a n  a lmost  

n u l l i f y  t h e  e f f e c t  o f ,  f o r  example, a n  i n c r e a s e  i n  i n s u l a t i o n  

t h i c k n e s s .  

Heat l o s s e s  caused by blow through a r e  u s u a l l y  l a r g e  enough t o  

dominate o v e r  t h e  e f f e c t s  of  o t h e r  inadequac ies  i n  t h e  form of  badly  

f i t t i n g  i n s u l a t i o n  and b u i l t - i n  c r a c k s  and gaps .  E x t e n s i v e  blow 

th rough  i s  normal ly  caused by l a r g e  l o c a l i z e d  l e a k a g e .  

The problems a r e  o f t e n  c l o s e l y  a s s o c i a t e d  wi th  a b u i l d i n g ' s  wind 

p r o t e c t i o n .  Minera l  wool i n s u l a t i o n  which f u n c t i o n s  we l l  demands t h a t  

a i r  must  be prevented bo th  from p a s s i n g  s t r a i g h t  through t h e  

i n s u l a t i o n  l a y e r  and from e n t e r i n g  t h e  i n s u l a t i o n  and moving w i t h i n  i t .  
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~hrough a stud wall a f f e c t s  i t s  thermal insulat ion.  
The figure i l l u s t r a t e s  the  increase o f  the heat flow expressed wi th  
increasing k-mlue  (U-value), Ak ( 1 2 ) .  

Figure a )  shows t h e  in f luence  o f  an a i r  gap, S ,  between t h e  mineral 
wooZ s lab and the  wood stud i n  a well wind-protected wall. 

Figure b )  shows the  in f luence  of wind on a m22 with  an a i r  gap 
between mineral wooZ and stud when t h e  wall has d i f f e r e n t  wind- 
protect ions.  I t  i s  an important increase o f  the heat flow when t h e  
wall i s  unprotected and has an a i r  gap be&een insu la t ion  and wood 
s tuds .  

Figure c )  shows the  in f luence  of  an a i r  stream through the  wall on 
t h e  heat t ransfer  c o e f f i c i e n t .  The a i r  penetration i s  caused by bad 
workmanship wi th  the  vapour barrier and the in ternal  cladding i n  
connection t o  an e l e c t r i c a l  o u t l e t  or bad design of  the  o u t l e t .  



An a i r t i g h t  s t r u c t u r e  p r e v e n t s  t h e  fo rmer  and a  c a r e f u l l y  c o n s i d e r e d  

wind b a r r i e r  p r e v e n t s  t h e  l a t t e r .  

A2.5 Acoustic control  

A i r t i g h t  h o u s e s  a t t e n u a t e  e x t e r n a l  n o i s e  much b e t t e r  t h a n  l e a k y  h o u s e s .  

To s t a r t  w i t h ,  make s u r e  t h a t  windows and c o n n e c t i o n s  a r e  

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

problem i s  g r e a t e s t  i n  t h e  v i c i n i t y  of  n o i s y  t r a f f i c  a r e a s  where 

b u i l d i n g  t e c h n i q u e s  c o u l d  be u sed  t o  c u t  down t h e  sound l e v e l .  

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

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

r e d u c e  sound i n s u l a t i o n  o f  a w a l l .  However, d i f f e r e n t  n o i s e - r e d u c i n g  

s u p p l y  a i r  d e v i c e s  a r e  a v a i l a b l e .  F i g u r e  A2.14 shows two examples  of  

how t h e  problem c o u l d  b e  s o l v e d  ( 1 3 ) .  No i se - r educ ing  e f f e c t  and 

l e a k a g e  c u r v e s  a r e  shown f o r  b o t h  examples .  

I n t e r n a l  n o i s e ,  f o r  example from f a n s ,  c a n  b e  more o b v i o u s  i n  

a i r t i g h t  b u i l d i n g s .  
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A3 AIRTIGHTNESS AND ENERGY BALANCES 

As i n d i c a t e d  i n  Chapter  A 2 ,  t h e  a i r t i g h t n e s s  of t h e  b u i l d i n g  envelope 

a f f e c t s  t h e  v e n t i l a t i o n  r a t e  and the reby  t h e  energy consumption of a  

b u i l d i n g .  

T h i s  c h a p t e r  c o n t a i n s  a n  overview of l e v e l s  of  a i r t i g h t n e s s  and 

examples of energy b a l a n c e s  f o r  d w e l l i n g s  i n  seven c o u n t r i e s  

connected t o  t h e  A i r  I n f i l t r a t i o n  C e n t r e .  

A3 . l  A i r t i g h t n e s s  

As a  measure of  t h e  a i r t i g h t n e s s  of b u i l d i n g  enve lopes  i n  d i f f e r e n t  

c o u n t r i e s ,  r e s u l t s  from t h e  p r e s s u r i z a t i o n  t e s t  method i s  shown. T h i s  

method i s  f u r t h e r  d e s c r i b e d  i n  Chapter  A l l .  R e s u l t s  shown a r e  n o t  

f u l l y  comparable s i n c e  t h e  procedure  d i f f e r s  somewhat between c o u n t r i e s .  

T h i s  i s  a l s o  shown i n  Chapter  A l l  (Tab le  A l l . l ) .  When comparing t h e s e  

r e s u l t s  two impor tan t  d i f f e r e n c e s  should  be noted:  

1 > Canada i n c l u d e s  t h e  basement i n  house volume even though i t  
i s  n o t  h e a t e d ,  whi le  t h e  r e s t  o f  t h e  c o u n t r i e s  use  hea ted  
volume. 

2 When p r e s s u r e  t e s t i n g  a  b u i l d i n g  i n  Canada, Norway o r  
Sweden t h e  v e n t i l a t i o n  system i s  s e a l e d  o f f  t o  g e t  t h e  
l eakage  of t h e  envelope.  The United S t a t e s ,  Uni ted  Kingdom 
and The Ne ther lands  p r e f e r  not t o  make any m o d i f i c a t i o n s  
t o  t h e  d w e l l i n g .  Values f o r  t h e  Swiss house a r e  g i v e n  bo th  
w i t h  and wi thou t  blocked v e n t s .  

Sweden, Norway and t h e  United S t a t e s  (ASTM) have s t a n d a r d s  f o r  t h e  

p r e s s u r i z a t i o n  t e s t  method, w h i l e  Canada has  a  d r a f t  s t a n d a r d  and 

The Ne ther lands  s t a n d a r d  a r e  under p r e p a r a t i o n .  The method i s  used by 

c o n t r a c t o r s ,  c o n s u l t a n t s ,  e t c . ,  i n  Sweden and Norway a s  a  c o n t r o l  of  

t h e  a i r t i g h t n e s s  of new houses .  It a l s o  h a s  a  widespread u s e  i n  

Canada and t h e  Uni ted  S t a t e s ,  e s p e c i a l l y  when r e t r o f i t t i n g  o l d e r  

b u i l d i n g s .  Below, examples of r e s u l t s  from p r e s s u r i z a t i o n  t e s t s  a r e  

shown f o r  each c o u n t r y .  I n  c a s e s  l i k e  Swi tze r l and  and United Kingdom 

v e r y  few measurements have been made and s o  t h e  r e s u l t s  a r e  no t  

claimed t o  be r e p r e s e n t a t i v e  of b u i l d i n g s  i n  t h e s e  c o u n t r i e s .  



CANADA 

A r e c e n t  s t u d y  of t h e  a i r t i g h t n e s s  of 176 r e s i d e n c e s  i n  Saskatoon,  

Saskatchewan, t e s t e d  by t h e  p r e s s u r i z a t i o n  method showed t h e  r e s u l t s  

a c c o r d i n g  t o  F i g u r e  A3.1 ( 1 ) .  

Year of construction 

-m rn I m m .  m m m I 

Average = 10.4 

.I I m m m - 
Aver age = L. 6 

L.. L 

Average = 3.6 

Special airtight houses 

.U 
Average = 1.5 

I I I I I I 1 I I I I I 
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Figure A 3 . 1 .  Pressure t e s t  r e su l t s  for Saskatoon house sample. 

The houses have been d i v i d e d  i n  g roups  accord ing  t o  age  t o  i l l u s t r a t e  

d i f f e r e n t  t e c h n i q u e s  used i n  s e a l i n g  b u i l d i n g s .  

P r i o r  t o  1945,  vapour  b a r r i e r s  i n  s h e e t  form were n o t  used i n  houses .  

Following 1945, vapour  b a r r i e r s  i n  t h e  form of waxed paper  were 

i n t r o d u c e d .  From 1960 onward, t h e  u s e  of p o l y e t h y l e n e  s h e e t s  f o r  

vapour b a r r i e r s  became a  common p r a c t i c e  i n  Canada. 

An e a r l i e r  i n v e s t i g a t i o n  of houses  i n  Ottawa ( 2 )  showed g r e a t e r  a i r  

l eakage  v a l u e s  t h a n  i n  t h e  Saskatoon sample,  which i s  no t  t o t a l l y  

unexpected owing t o  d i f f e r e n c e s  i n  c l i m a t e .  

NETHERLANDS 

130 Dutch d w e l l i n g s  have been p r e s s u r i z e d  by Bouwfonds Nederlandse 

Gemeenten, Amersfoor t ,  w i t h  r e s u l t s  a s  i n  F i g u r e  A 3 . 2 .  



Number 

1 

NORWAY 

The Norwegian B u i l d i n g  Resea rch  I n s t i t u t e  have  p r e s s u r i z e d  61 d e t a c h e d  

h o u s e s  and 34 f l a t s  ( 3 ) .  The r e s u l t  i s  shown i n  F i g u r e  A3.3.  The 

t e s t e d  d w e l l i n g s  were  randomly c h o s e n  f rom f o u r  a r e a s  i n  Norway. 

Most of  t h e  d e t a c h e d  h o u s e s  had basemen t s  w i t h  b r i c k w a l l s  o f  

l i g h t w e i g h t  c o n c r e t e  and one  o r  two f l o o r s  o f  c o n v e n t i o n a l  wood-frame 

c o n s t r u c t i o n .  A l l  o f  them were  b u i l t  i n  t h e  p e r i o d  1974-1978. 

The b l o c k  of  f l a t s  were  m a i n l y  of  c o n c r e t e  c o n s t r u c t i o n  w i t h  f a c a d e  

w a l l s  of c o n v e n t i o n a l  wood-frame c o n s t r u c t i o n .  The a p a r t m e n t s  were  

b u i l t  i n  1971 and 1976 .  

SWEDEN 

S i n c e  t h e  end o f  t h e  1 9 7 0 s ,  a  g r e a t  number o f  Swedish h o u s e s  have  

been p r e s s u r i z e d  u s i n g  t h e  p r e s s u r e  t e s t  method.  The method i s  now 

used  as  a  r o u t i n e  c h e c k  on new d w e l l i n g s .  The s e l e c t e d  i n v e s t i g a t i o n  

( 4 )  i n c l u d e s  68 d e t a c h e d  houses  and 23 m u l t i - f a m i l y  h o u s e s .  I t  c a n  

b e  s e e n  f rom t h i s  i n v e s t i g a t i o n ,  t h a t  t h e  l e a k i n e s s  o f  t h e  h o u s e s  a r e  

d e c r e a s i n g  w i t h  y e a r  o f  c o n s t r u c t i o n ,  s e e  F i g u r e  A3.4a .  The r e l a t i v e l y  

b i g  l e a k i n e s s  of  t h e  h o u s e s  b u i l t  b e f o r e  1920  c o u l d ,  a p a r t  f rom t h e i r  

a g e ,  depend o n  t h e  f a c t  t h a t  most  of t h e s e  h o u s e s  had ma tch -boa rd ing  

w a l l s  (17  o f  23)  which i n  F i g u r e  A3.4b a r e  shown t o  b e  l e a k y .  



42 

ac lh  a t  50 Pa 

9 
8 
7 

1 1 1 1 1 1 1  1 1 1 1 1 1  

DEl'ACHEJ HOUSZS ?Emher = 61 

Average = 4 . 7  

a c l h  at  50 Pa 

9 
8 

7 
6 
5 
4 'LA ?S 

3 Tfimber = 34' 
2 

1 
Average = 2 . 3  

0 S t a d a r d  deviation = G. 4 
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Figure AA. 4 E .  Breakdown b y  t y p e  o f  ex ternal  wall  s t m e t u r e .  

Figure A 3 . 4 .  Resul t3 from p r e s s m e  t e s t s  OF Swedish d l ~ e l l i r g s .  The 
mean value obtained from t h e  pressure t e s t s  waa 3 . 3  
uc /h  for a l l  houses.  For t h e  s ing le - fan i l3  izouses the  
mean va lue  uas 8 . 5  ac /h  xrd :or tjze b l ~ c k  o f  JsZats 
C.L ac/h .  The i n v e s t i g a t i o n  comprised E8 ~ m a L l  hcuseo 
ard 23 m l t i - f a m i l y  houses. 

SWITZERLAND 

Only one measurement h a s  been made by EMPA i n  a  de tached  house which 

i s  l a t e r  d e s c r i b e d  i n  S e c t i o n  A3.2. The r e s u l t s  a r e  shown i n  Tab le  

A3.1. 

UNITED KINGDOM 

1 9  d w e l l i n g s  i n  t h e  United Kingdom b u i l t  w i t h i n  t h e  l a s t  twenty  y e a r s  

and c o v e r i n g  a  r ange  of  c o n s t r u c t i o n  t y p e s  have been t e s t e d  by t h e  

B r i t i s h  Research Es tab l i shment  ( 5 ) .  Mean v a l u e  f o r  t h e  a i r t i g h t n e s s  

of t h e  houses  a t  50 Pa was 1 3 . 9  a c / h ,  s e e  F i g u r e  A3.5. 

U N I T E D  STATES 

A g r e a t  number of houses  have been p r e s s u r i z e d  u s i n g  t h e  "Blower door" 

approach.  F i g u r e  A3.6 shows a i r r i g h t n e s s  r e s u l t s  from an i n v e s t i g a t i o n  

where 204 detached houses  spread o u t  o v e r  t h e  United S t a t e s  have been 

measured ( 6 ) .  
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Table A3 .1 .  Presourized house ir, Xaugwil, Smtzerkvld.  

C and n refer  to t h e  constants in t h e  equation 
q = C ApM ( see  Chapter A7). 

Notes  Volume F l o o r  a r e a  C n  a c / h  a t  

m 
3 m 2 50 Pa 

Only chimney 
s e a l e d  4 3 5 1 9 0  0.0157 0 .67  1 . 7 7  

A l l  v e n t s  and 
s t a c k  s e a l e d  41 3 1 8 0  0 .00663 0 . 8 1  1 . 3 7  

Energy bal  a nces 

When a n a l y s i n g  a  b u i l d i n g ' s  e n e r g y  demand f o r  h e a t i n g  and v e n t i l a t i o n ,  

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

T h i s  g i v e s  some i d e a  o f  t h e  m a g n i t u d e  o f  t h e  d i f f e r e n t  e n e r g y  l o s s e s  

and g a i n s .  

The b a s i c  m a t e r i a l  u sed  t o  p r o d u c e  e a c h  c o u n t r y ' s  e n e r g y  b a l a n c e s  i n  

t h i s  c h a p t e r  v a r i e s  c o n s i d e r a b l y .  T h i s  i s  b e c a u s e  t h e r e  i s  no  

s t a n d a r d  method of  c o l l e c t i n g  t h e  d a t a  and i n  some c a s e s  t h e  

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

d i f f i c u l t  t o  compare i n f o r m a t i o n  b e c a u s e  o f  t h e  d i f f e r e n c e s  i n  

h e a t i n g  d e v i c e s  and t y p e s  o f  ene rgy  and t h e  d i s t r i b u t i o n  o f  f a c t o r s  

such  a s  h o t  w a t e r  and d o m e s t i c  e l e c t r i c i t y  consumpt ion ,  body h e a t ,  

i n s o l a t i o n ,  e t c .  I n  c o u n t r i e s  such  a s  t h e  U n i t e d  S t a t e s ,  t h e  e n e r g y  

r e q u i r e d  f o r  a i r  c o n d i t i o n i n g  d u r i n g  t h e  sununer i s  a  s i g n i f i c a n t  

f a c t o r  i n  many r e g i o n s .  

Some examples  of e n e r g y  b a l a n c e s  from d i f f e r e n t  c o u n t r i e s  a r e  g i v e n  

i n  t h i s  c h a p t e r  d e s p i t e  t h e  number o f  o b j e c t i o n s  which c o u l d  be  p u t  

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

i n  T a b l e s  A 3 . 2  and A 3 . 3 .  The m a t e r i a l  h a s  been  compi led  i n  ways which 

d i f f e r  s o  much t h a t  c o m p a r a t i v e l y  l e n g t h y  comments a r e  r e q u i r e d  f o r  

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

COMMENTS TO THE ENERGY BALANCES I N  TABLE A 3 . 2  

The e n e r g y  b a l a n c e s  a r e  sometimes c a l c u l a t e d  somet imes  measu red .  I n  

most  c a s e s  t h e  t o t a l  pl i rchased e n e r g y  i s  measured  and t h e  d i s t r i b u t i o n  



C o u n t r y  Y e a r  oL F l o o r  E l - e r g y  l o s g e s  F n r r ~ y  s u p p l y  Purc11.iscd 
construe- A r e a /  e n e r g y  
C lo l l  vo lume Trnnsm.  V e n ~ ,  k 'ne te  O t h e r  l o c a l  H c ~ t i n g  Hot Dom. Body S o l a r  Toc.!l 

w a t e r  w d t c r  e l e c t -  h e a r  g a ~ n  
r l c l c y  

C.UAL)A 1 9 7 0  2 0 0 ' ) /  1 1 3 . 4  23 .7  1 2  58.0" 2 1 1 . 1  1 3 7 . 5  3 9 . 2  2 1 . 6  2 . 9  1 0 . 1  2 1 1 . 3  1 9 8 . 3  
( O t t a w a )  500') 

1 9 8 0  'I- 6 5 . 5  1 6 . 6  1 6 . 2  50 .0 ' :  1 4 8 . 3  7 4 . 5  3 9 . 2  2 1 . 6  2 . 9  1 0 . 1  1 4 8 . 3  1 3 5 . 3  

( S c h l p l u i d e n )  
1980 

SWEDES 1 9 7 0  
( S t o c k h o l m )  

l 9 8 0  

SWITZERLAND 1970 220') / 8 3 . 9  2 8 . 1  1 0 . 8  4 1 . 7 & :  1 6 4 . 5  1 1 9 . 5  1 1 . 5  15.L 3.3 1 5 . 1  1  
( Z u r i c h )  500" 

1 9 8 0  II- 54.7  2 0 . 9  1 0 . 8  2 2 . 0 ~ ~ 1 0 8 . 4  66.6 1 1 . 5  15.1 3 . 3  1 1 . 9  1 0 8 . 6  9 3 . 2  

USITEB 1970 9 6 1  6 3 . 3  1 6 . 2  1 4 . 8  36 .4  1 3 0 . 7  8 5 . 3  1 6 . 9  1 2 . 2  4 . 0  1 2 . 3  1 3 0 . 7  1 1 4 . 4  
KISGDOM 24 0  

1 9 8 0  1 1 -  3 5 . 3  1 8 . 3  1 4 . 8  2 3 . 0  9 1 . 4  4 7 . 2  1 6 . 5  1 2 . 2  i . 0  11 .1  9 1 . 4  7 6 . 3  

USITED STATES 1 9 7 0  1 5 0 1  7 0 . 9  2 5 . 9  1 1 . 5  29 .6"  1 3 7 . 9  8 6 . 1  1L.4" 1 4 . 4  5 . 0  1 8 . 0  1 3 7 . 9  1 1 4 . 9  
(New J e r s e y )  360 

1 9 8 0  1) - 5 3 . 3  19 .4  1 1 . 5  1 6 . 6 "  1 0 0 . 8  5 2 . 2  13.7')  1 4 . 4  5 . 0  1 5 . 5  1 0 0 . 8  67 .3  

C o u n t r y  Year o f  Mean Thermal  c r a n u m i t t n n c e ,  k - v a l u e .  W/m K Asbumed Heat  108s  H e a t i n g  
2  

c o n s c r u c -  i n t e r n a l  s e a s o n a l  c o e f f i -  s y s t e m  
c i o n  temp. E x t e r n a l  Roof F l o o r  Windows v e n t i l n t i o n  c i e n t  ( s e e  n o t e  

oc w a l l s  
o c l h  nwnber)  

Canada  

N e t h e r l a n d s  

So rwny 

Sweden 

S w i t z e r l a n d  

U n i t e d  
Kingdom 

1 : n i t e d  S t a t e s  



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

assumpt ions  ( s e e  a l s o  Chap te r  A 7 ) .  The normal method i s  a s  f o l l o w s :  

o I"ransmissions l o s s e s  through t h e  bui ld ing  represent  
ca lcu la ted  heat l o ~ s e o  for t 4 e  heatin9 seasox. 

o V e n t i l a t i o n  lo s ses  represent  heat l o s ses  t h rox jh  v e ~ t i l a t i o n  
d t ~ r i v g  t h e  h e a t i r ~  seaoorz. T h e  average v e n t i l a t i o n  r a t e  :or 
t k e  period i s  normally aoswned. 

o I h c  waste water Zozses represent  t he  m o u q t  oJ eKergy ~ s e d  
in A e a t i ) ~  the vater t h a t  i s  MO? i(seJCj~2 hea2 z ' n u t  during 
the heat ivg seasov. 

Energy b a l a n c e s  and some b a s i c  d a t a  f o r  t h e  houses  a r e  p r e s e n t e d  f o r  

each coun t ry  a s  f o l l o w s .  

CANADA 

The house chosen i s  t h e  fo l lowing :  

Bungalow w i t h  f u l l  basement.  200 m 
2 

( t o t a l  f l o o r  a r e a  i n c l u d i n g  basement)  

L o c a t i o n  Ottawa, O n t a r i o  



Annual h e a t i n g  d e g r e e  days  4673'~-daysx 
( r e £  e r e n c e  1 8 ' ~ )  

Space h e a t i n g  system Natura l  g a s  f o r c e d  a i r  s e a s o n a l  
e f f i c i e n c y  = 0.65 

Domestic h o t  water  system N a t u r a l  g a s ,  s e a s o n a l  e f f i c i e n c y  
= 0 .55  

For  new low energy houses  (sometimes r e f e r r e d  t o  a s  " s u p e r - i n s u l a t e d  

houses") ,  t h e  h e a t  l o s s  c o e f f i c i e n t  i s  t y p i c a l l y  reduced t o  about 

60-80 W/K. T h i s  i s  achieved w i t h  h i g h  l e v e l s  of i n s u l a t i o n  ( k - v a l u e s  

of approx imate ly  0 .1 ,  0 .15,  0 .2  and 0 .6  w / m L  K f o r  c e i l i n g s ,  w a l l s ,  

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

c o n s t r u c t i o n  ( < 1 . 0  a c / h  a t  50 Pa p r e s s u r e  d i f f e r e n c e ) ,  and u s e  o f  

windows ( t y p i c a l l y  t r i p l e  g l a z e d )  l o c a t e d  p r i m a r i l y  on t h e  s o u t h ,  and 

a i r  t o  a i r  h e a t  exchangers  t o  supp ly  v e n t i l a t i o n  a i r .  With such a  

d e s i g n ,  t h e  space  h e a t i n g  requirement  i s  reduced t o  approx imate ly  

15  GJ /y r  ( 4 . 1  MWh/yr) i n  a n  Ottawa l o c a t i o n .  

Figure A3.7a. C m a d i a n  d~eZZing. 

X For  method of  c a l c u l a t i n g  degree  d a y s ,  s e e  S e c t i o n  A6.2 and Tab le  
A6.1. 



C A N A D A  

OUT 

Vent i  Zatiorz 
23.  7 

Ef f i c i ency  
lo s ses  5 8 .  ,G 

So Lar heat gain 
1 0 .  I 
Body heat 2 . 3  
Domestic e l .  21.6  

Hot water 
3s. 2 

Heating 7 9 . 5  

Chimney Losses 
58 .0  

OUT 

Waste Uater 
1 6 . 2  
Vent i  Zation 
16.  6 

Transmission 
65. 5 

Ef f i c i ency  
Losses 50.3 

IN 
So Zar heat 
yain 1 0 . 1  
Body heat 2 .9  
Vomestic e l .  
21.6 

Hot oa te r  
3 9 . 2  

Heating 
2 4 . 5  
- 

Chimney 
loaaea 60.0 

Year o f  c o n s t m c t i o n  

Tota l  

Figure A3.7b. Energy haLances f o r  a t yp i ca l  C ~ n a d i u n  d w e l l i r q .  

THE NETHERLANDS 

For  a  s i n g l e - f a m i l y  house t h e  energy b a l a n c e  has  been c a l c u l a t e d  bo th  

f o r  t h e  1970 house and f o r  t h e  1980 house.  The s p e c i f i c a t i o n s  a r e  

l i s t e d  i n  Tab le  A3.3 and t h e  d e s i g n  i s  shown i n  F i g u r e  A3.8b. The 

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

Ne ther lands  i s  about: 200 days  (from mid September t o  t h e  beg inn ing  of 

A p r i l ) .  

Some f u r t h e r  d e t a i l s  of t h e  house a r e  g i v e n  below: 

T y p i c a l  t e r r a c e d  house  w i t h  l i v i n g  
a r e a  a l s o  i n  t h e  l o f t  

L o c a t i o n  S c h i p l u i d e n  



W 

Space h e a t i n g  sys tem N a t u r a l  g a s  w i t h  ho t  wa te r  r a d i a t o r  
p a n e l s  

Seasona l  e f f i c i e n c y  of  t h e  b o i l e r  
-0.75 

Domestic h o t  wa te r  sys tem Natura l  g a s  f i r e d  geyse r  

Seasona l  e f f i c i e n c y  of t h e  geyse r  
-0.80 

Mean g a s  consumption f o r  h e a t i n g ,  h o t  water  and cooking,  i n  Rotterdam 

i s :  

F l a t  w i t h  one room hea ted  3 1500 m g a s / y e a r  

F l a t  w i t h  c e n t r a l  h e a t i n g  3000 m 3  

S ing le - fami ly  house:  ( s m a l l )  3300 m 
3 

( s m a l l ,  new) 5000 m3 

( b i g )  5000m 
3 

3 Note: 1 m gas - 35.2 MJ. 

N E P E E R L A N D S  

Waste water 
4 .  C 

V e n t i l a t i o n  
40 .0  

Transmission 
85.7 

E f f i c i ency  
lo s ses  26.6 

Solar heat gain 
1 4 . 0  
Body heat 5 . 0  
,Domestic eZ. 7 .  
,Hot water 7 . 2  

Chimney Losses 
26.6 

Year of conr; trilc t,1;9n 

Tota 1 

: ?l 
Solar  heat 
gain 14 .0  
Body heat 5.0 
Dome~t iq  e l .  7 .  2 
Hot water 7 .  7 

h'eat?:ng 66. G 

Figure A 3 . 8 ~ .  Energy baZances for a dwell ing ( t e r r a c e  house)  i n  
The Netherlands. 



Cross see t ioe  

Figure A3.8b. Single-family b u s e  (terrace b u s e )  in The Netherlands. 



NORWAY 

The house chosen i s  t h e  fo l lowing :  

OUT 

Bungalow w i t h  f u l l  unheated basement.  
2 100 m l i v i n g  a r e a  ( n o t  i n c l u d i n g  

basement) 

L o c a t i o n  0 S 10 

Annual h e a t i n g  d e g r e e  days  37740c-days 
( r e f e r e n c e  1 7 ' ~ )  

Space h e a t i n g  sys tem E l e c t r i c  r e s i s t a n c e  h e a t i n g  

Domestic hot  wa te r  system E l e c t r i c  

The energy b a l a n c e  f o r  houses  b u i l t  i n  t h e  p e r i o d ,  1960-1975 i s  based 

o n  numerous measurements of energy consumptions made by t h e  Norwegian 

Bui ld ing  Research I n s t i t u t e .  The houses  have a l i v i n g  a r e a  of  

approx imate ly  100 m2, and they  a r e  l o c a t e d  i n  t h e  Oslo a r e a  (Os lo ' s  

c l i m a t e  i s  c l o s e  t o  t h e  average  of  t h e  c o u n t r y ) .  I n  most c a s e s  o n l y  

t h e  t o t a l  energy consumption i s  measured. The d i s t r i b u t i o n  on t h e  

d i f f e r e n t  i t ems  i n  t h e  b a l a n c e  i s  based on c a l c u l a t i o n s  and some 

d e t a i l e d  s t u d i e s .  

N O R W A Y  

1970 Yaar  o f  c o n s t r u c t i o n  1980 

8 6 . 4  GJ T o t a l  68.4 GJ 

IN S o l a r  h e a t  g a i n  

Figure A3.9a. Energy balances f o r  a !/omegian dwelling. 

Other  10.8 
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' g a i n  9.7 
Body h e a t  3.6 
Domest ic  eZ .  
18 .0  
Hot water 10.8 

Heat ing  
26.3 



Figure A3.3b. 9rawir;j of the dweZZing. 

The energy b a l a n c e  f o r  t h e  houses  b u i l t  i n  1980 i s  based on 

c a l c u l a t i o n s  and e x t e n s i v e  measurements on a few h o u s e s .  

The energy b a l a n c e s  a r e  n e t  energy consumptions,  i . e .  consumptions 

of e l e c t r i c a l l y  hea ted  houses .  Most houses  i n  Norway a r e  e l e c t r i c a l l y  

h e a t e d  w i t h  a wood s t o v e  o r  a k e r o s e n e  b u r n e r  a s  a backup sys tem.  

0 Indoor t a n p e r a t u r e  i s  normal ly  20 C .  

S WED EN 

The energy b a l a n c e  f o r  houses  b u i l t  d u r i n g  t h e  e a r l y  1970s i s  based 

on i n v e s t i g a t i o n s  i n t o  t h e  t o t a l  energy consumption of 5500 

e l e c t r i c a l l y  hea ted  houses  i n  Stockholm ( 7 ) .  The t y p i c a l  d e s i g n  of 

t h e  houses  i s  shown i n  F i g u r e  A3.10b. The t o t a l  purchased energy i s  

w e l l  known. The d i s t r i b u t i o n  of t h e  d i f f e r e n t  i t ems  i n  t h e  energy 



Other 3.6 
Waste water 
12.6 

V e n t i l a t i o n  
S6.0 t- 

So Zar heat gain 
1 1 . 5  
Body k a t  5 .4  
3orn;stic e L .  
14.4 
H 0  t water 16.2 

OUT I .v 
So Zar heat gain 
11.5 
Body heat 5 . 4  
Domestic e l .  
1 4 . 4  
Hot water 16.2 
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1970-75 Year of cons truc t ion  A f t e r  1980 

114.1 GJ ;Iota l 81.4  GJ 

:Other 3 .6  
Waste water 

'12 .6  
Vent i  Zation 
18 .4  

Trawmission 
46.8 

Figure A 3 .  IOa. Evrergy baZances for Swedish dwel l ings .  

b a l a n c e s  i s ,  however, based on c a l c u l a t i o n s  of c e r t a i n  p robab le  

assumpt ions .  V e n t i l a t i o n  l o s s e s  a r e  based on t r a c e r  g a s  measurements 

i n  a smal l  number of houses .  The average  a i r  change r a t e  i n  t h e s e  

amounted however t o  0.7-0.8 a c / h .  These v a l u e s  have been used i n  

c a l c u l a t i o n s .  T h i s  r e s u l t s  i n  v e n t i l a t i o n  l o s s e s  amounting t o  a  

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

The energy b a l a n c e  f o r  newer houses  i s  based on measurements t a k e n  i n  

a  small number of houses  ( 8 ) .  The t o t a l  purchased energy consumed was 

c a r e f u l l y  measured.  V e n t i l a t i o n  l o s s e s  were determined by u s i n g  

t r a c e r  g a s  and p r e s s u r e  t e s t  methods.  

The new houses  have a  v e r y  a i r t i g h t  envelope.  T h i s  means t h a t  

v e n t i l a t i o n  can  be kept  a lmost  c o n s t a n t  throughout  t h e  yea r  by u s i n g  

an exhaus t  f a n .  Thus v e n t i l a t i o n  l o s s e s  a r e  compara t ive ly  w e l l  

documented i n  t h e  energy b a l a n c e  p r e s e n t e d .  

Energy b a l a n c e s  f o r  t h e  Swedish houses  r e f e r  t o  n e t  energy s i n c e  they  

a r e  e l e c t r i c a l l y  h e a t e d .  There  a r e  no r e a l  e f f i c i e n c y  l o s s e s  w i t h i n  

t h e  a c t u a l  houses .  ~ p p r o x i m a t e l y  50 p e r  c e n t  of Swedish s i n g l e - f a m i l y  

d w e l l i n g s  b u i l t  d u r i n g  t h e  1970s have e l e c t r i c a l  h e a t i n g .  

0 
The indoor  t empera tu re  i s  normal ly  +20 C .  



Figure A3.10b. Elevat ions and plans for  a s i n g l e - f m i l y  house i n  
Sweden i n  wood-frame cons truc t ion .  The Living area 
is approx. 130 m'. 

SWITZERLAND 

The energy b a l a n c e s  f o r  Swiss s i n g l e - f a m i l y  houses  a r e  c a l c u l a t e d  

w i t h  t h e  a i d  of  assumed v a l u e s  f o r  bo th  t h e  o l d e r  and t h e  newer 

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

houses .  

The main  f e a t u r e s  of t h e  house a r e  a s  f o l l o w s :  

Light-weight c o n s t r u c t i o n  house w i t h  
c o n c r e t e  basement;  2 main f l o o r s  
basement p a r t i a l l y  hea ted  (220  m 3 
f l o o r  a r e a  i n c l u d i n g  basement)  



losses 5 . 8  losoes 5.8  

l U!/% l N  Solur heat 

1970-75 Year  o f  corm ~ r z c c t i o n  1980 

164 .5  GJ T o t a l  1 0 8 . 4  GJ 

O t h c r  16 .  2 

Wmte  uater  
' 1O.d 

V P V L ~  Za t~;o?i  
, 26 .3  
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Figure A3.11a. Energy balance f o r  a b i g  Swiss dwel l ing .  

y u i y ~  11.3  
body heat 3 . 2  
Gomeatic e l .  15.1  
h'ot water 
11 .5  

Hea ~i ng 
6 9 .  5 

Chimr~  y 

L o c a t i o n  Zur ich  ( s i m i l a r  c l i m a t e  t o  n e a r l y  90 
p e r  c e n t  of  t h e  Swiss houses )  

Heat l o s s  c o e f f i c i e n t  1970-cons t ruc t ion :  385 W/K 
1980-cons t ruc t ion :  261 W/K 

For bo th  c a s e s  (1970-house and 1980-house) t h e  d imensions  o f  t h e  

house a r e  t h e  same. D i f f e r e n c e s  a r e  caused by t h e  i n c r e a s i n g  t r e n d  

t o  conserve  energy and t h e  cor respond ing  r e g u l a t i o n s .  They a r e  

i n d i c a t e d  i n  t h e  t a b l e s  and i n  t h e  fo l lowing  s h o r t  comments: 

o lower k-values  f o r  1980 

0 reduced chimney l o s s e s  by a  f u r n a c e ,  which h a s  w e l l  a d j u s t e d  
d e s i g n  d a t e  and a  b e t t e r  c o n t r o l  

0 a  change of  whole-year h o t  wa te r  p r o d u c t i o n  by a n  o i l -  
f u r n a c e  t o  p r o d u c t i o n  by e l e c t r i c  h e a t  

o a c e r t a i n  r e d u c t i o n  of t h e  mean a i r  change r a t e .  



Sect i o  lz 

View of t e s t  building from the  West 

UNITED KINGDOM 

The enc losed  energy b a l a n c e s  f o r  a  d e t a c h e d ,  s i n g l e - f a m i l y  house  i n  

t h e  United Kingdom have been c a l c u l a t e d  f o r  t h e  whole y e a r .  The 

s t a n d a r d  h e a t i n g  s e a s o n  i n  t h e  Uni ted  Kingdom i s  212 days  and t h e r e  

i s  no space  h e a t i n g  o u t s i d e  t h i s  212 day h e a t i n g  s e a s o n .  A i r  

c o n d i t i o n i n g  i s  never  used i n  domes t i c  houses .  Two s t a n d a r d s  of  

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

CASE ONE - Typical United Kingdom hottoe (1970) 

Low s t a n d a r d  o f  i n s u l a t i o n :  260 mm c a v i t y  b r i c k  w a l l  p l a s t e r e d  

i n t e r n a l l y ;  s i n g l e  g l a z e d  windows i n  wooden frames w i t h  l i g h t w e i g h t  

c u r t a i n s ;  t i l e s  on b a t t e n s ;  r o o f i n g  f e l t  and r a f t e r s ,  w i t h  roof  space  

and 50 mm m i n e r a l  f i b r e  i n s u l a t i o n  l a i d  between j o i s t s  o n  10 m 



aluminium f o i l  backed p l a s t e r b o a r d  c e i l i n g ;  s o l i d  f l o o r  i n  c o n t a c t  

w i t h  t h e  e a r t h .  

CASE TWO - Wel l - insu la ted  Uni ted  Kingdom house (1980) 

High s t a n d a r d  o f  i n s u l a t i o n :  260 mm c a v i t y  b r i c k  w a l l  p l a s t e r e d  

i n t e r n a l l y ,  c a v i t y  i n s u l a t e d  w i t h  expanded p o l y s t y r e n e  50 mm; doub le  

g l a z i n g  i n  wooden frames w i t h  heavyweight c u r t a i n s ;  t i l e s  on b a t t e n s ;  

r o o f i n g  f e l t  and r a f t e r ,  w i t h  roof  space  and 100 m m i n e r a l  f i b r e  

i n s u l a t i o n  l a i d  between j o i s t s  on 10  mm aluminium f o i l  backed 

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

Mean e x t e r n a l  t empera tu re  = 7 ' ~  (212 days  a r e  t y p i c a l  Uni ted  Kingdom 
h e a t i n g  season)  . 

Mean i n t e r n a l  t empera tu res  CASE ONE 18Oc 
CASE TWO 1 9 . 5 ' ~ .  

The energy b a l a n c e s  a l s o  i n c l u d e  e f f i c i e n c y  l o s s e s  based on an 

assumed e f f i c i e n c y  of 65 p e r  c e n t .  

C o m e n t s  t o  t h e  c a l c u l a t e d  energy b a l a n c e s  f o r  t h e  Uni ted  Kivgdom 

o The t r a n s m i s s i o n  l o s s e s  r e p r e s e n t  t h e  h e a t i n g  l o s s e s  th rough  
t r a n s m i s s i o n  f o r  t h e  212-day p e r i o d .  

o The v e n t i l a t i o n  l o s s e s  r e p r e s e n t  t h e  h e a t i n g  l o s s e s  th rough  
v e n t i l a t i o n  f o r  t h e  212-day p e r i o d .  V e n t i l a t i o n  l o s s e s  i s  
not cons ide red  important  i n  t h e  summer, s o  t h e  United 
Kingdom d i f f e r s  i n  t h i s  r e s p e c t  from c o u n t r i e s  which may 
i n c l u d e  t h e  e x t r a  a i r  c o n d i t i o n i n g  needed i n  t h e  summer 
because  of  v e n t i l a t i o n  a s  an  energy l o s s .  

The waste  wa te r  l o s s e s  r e p r e s e n t  t h e  amount of  energy used 
i n  h e a t i n g  t h e  wa te r  t h a t  i s  not  a  u s e f u l  h e a t  i n p u t .  

Other  l o s s e s  i n c l u d e  f l u e  l o s s e s  from g a s  h e a t i n g  and 
domest ic  energy used which i s  not  a  u s e f u l  h e a t  i n p u t .  

The t o t a l  i s  t h e  sum of  t h e  above l o s s e s .  

The h e a t i n g  v a l u e  i s  t h e  energy i n p u t  t o  t h e  h e a t i n g  system 
b e f o r e  t h e  f l u e  l o s s e s  and e f f i c i e n c y  f a c t o r s  have been 
removed. 

The h o t  water  v a l u e  i s  t h e  domest ic  h o t  wa te r  load f o r  t h e  
p e r i o d  g i v e n .  

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



The body h e a t  v a l u e  i s  t h e  u s e f u l  energy s u p p l i e d  d u r i n g  t h e  
212-day p e r i o d .  T h i s ,  l i k e  t h e  v e n t i l a t i o n  l o s s e s ,  d i f f e r s  
from c o u n t r i e s  which i n c l u d e  t h e  e x t r a  a i r  c o n d i t i o n i n g  
needed i n  t h e  summer because  o f  body h e a t  a s  an energy l o s s  
h e r e .  

The s o l a r  g a i n s  v a l u e  i s  t h e  u s e f u l  energy s u p p l i e d  d u r i n g  
t h e  212-day p e r i o d .  Again,  t h i s  d i f f e r s  from c o u n t r i e s  which 
count  t h e  s o l a r  g a i n s  a s  a  l o s s  i n  t h e  summer. 

o The h e a t  t o t a l  i s  t h e  sum of t h e  above energy s u p p l i e s .  

o The purchased energy i s  t h e  t o t a l  energy s u p p l i e d  minus t h e  
body h e a t  and s o l a r  g a i n s  v a l u e s .  

U N I T E D  K I N G D O M  

OUT : N 

Figure A3.12.  Znergy balances for a dwell ing i n  the  United Kingdam. 

UNITED STATES 
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Waste water 

The examples p r e s e n t e d  h e r e  r e p r e s e n t  t h e  energy consumed f o r  a  

t y p i c a l  wood-frame detached house o v e r  one h e a t i n g  s e a s o n .  The 

c a l c u l a t i o n s  app ly  t o  t h e  Ranch o r  Sp l i t -Leve l  s t y l e s  a s  shown i n  

F i g u r e  B3.1 i n  P a r t  B o f  t h e  United S t a t e s .  The s i z e  was chosen a s  

150 m 2 .  The c l i m a t e  i s  chosen ss 2800 d e g r e e  d a y s  C e l s i u s  (New J e r s e y  

c l i m a t e ) .  Changes from 1970 t o  1980 i n c l u d e  m i n e r a l  wool w a l l  

i n s u l a t i o n  i n c r e a s e d  from 6 .5  c m  t o  9  cm, c e i l i n g  i n s u l a t i o n  i n c r e a s e d  

1370 Year of cons truc t ion  ? 98C 

130.7  GJ Total  9 1 . 4  GJ 

, I 

. 
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from 9  cm t o  14 cm, improved enve lope  t i g h t n e s s  t o  d e c r e a s e  t h e  

average  a i r  i n f i l t r a t i o n  r a t e  from 0 . 8  t o  0 .6  a c / h ,  improved 

i n s u l a t i o n  on t h e  wa te r  h e a t e r  and t h e  a d d i t i o n  of  doub le  g lazed  

windows. The f u r n a c e  s e a s o n a l  e f f i c i e n c y  i s  assumed t o  be 70 p e r  c e n t  

i n  1970 and 75 p e r  c e n t  i n  1980.  For bo th  c a s e s  t h e  amounts of energy 

used f o r  a p p l i a n c e s  and l i g h t i n g  a r e  based upon f i e l d  s t u d i e s  f o r  

f o u r  occupant  houses .  

The v a l u e s  of energy used p e r  square  met re  o f  d w e l l i n g  p e r  degree  day 

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

p r a c t i c e s  have been employed. 
0 

1970 Year o f  c o m  Lrtcction 1380 

OUT T I i  

137.3 GJ Total  100.8 GJ 

: 

Figure A S .  13. Erzergy balances for a single-farn7;Zy house i n  United 
S t a t e s  (lieu Jersey fo r  6 rnoqths heat ing season. 
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A4  PR1 NC I P L E S  FOR AIRTIGHTNESS 

The i n c e n t i v e s  f o r  b u i l d i n g  a i r t i g h t  houses  v a r y  from c o u n t r y  t o  

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

b u i l d i n g  t r a d i t i o n s  and s t a n d a r d s .  

T h i s  c h a p t e r  d e s c r i b e s  t h e  d i f f e r e n t  p r i n c i p l e s  f o r  ach iev ing  a s  t i g h t  

houses  a s  a r e  t e c h n i c a l l y  p o s s i b l e .  Examples a r e  g i v e n  of  t h e  

i n t e r a c t i o n  between t h e  e x e c u t i o n  o f  j o i n t s  and l eakage  between them. 

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

Chapter  A9 and i n  P a r t  B .  Ways t o  improve t h e  a i r t i g h t n e s s  i n  e x i s t i n g  

b u i l d i n g s  a r e  g iven  i n  Chap te r  A10. 

I n  o r d e r  t o  b u i l d  we l l - sea led  houses ,  a  thorough system of how 

a i r t i g h t n e s s  can be achieved f a c i l i t a t e s  p r a c t i c a l  work. Grea t  

importance  must be  a t t a c h e d  t o  t h e  d e s i g n  of  t h e  d i f f e r e n t  s t r u c t u r a l  

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

and v e n t i l a t i o n .  

Depending on m a t e r i a l  and d e s i g n ,  t h e r e  a r e  a  number of  a l t e r n a t i v e s  

a v a i l a b l e  t o  e n s u r e  a i r t i g h t n e s s .  Tab le  A4.1 i n d i c a t e s  sugges ted  

p r i n c i p l e s .  The a i r  s e a l i n g  method s e l e c t e d  should  be c a r r i e d  o u t  a s  

c o n s i s t e n t l y  a s  p o s s i b l e  o v e r  t h e  whole of  t h e  e x t e r n a l  s t r u c t u r e  of  

t h e  b u i l d i n g .  T h i s  means t h a t  no t  on ly  should  t h e  w a l l s  and c e i l i n g s  

f o l l o w  t h e  p r i n c i p l e  but  t h a t  t h e  a i r  s e a l i n g  must be c a r r i e d  o u t  

c o n s i s t e n t l y  even a t  j o i n t s ,  c o n n e c t i o n s ,  e t c .  

T a b l e  A4.1 i n d i c a t e s  t h e  advantages  and d i s a d v a n t a g e s  of t h e  d i f f e r e n t  

p r i n c i p l e s .  F u r t h e r  comments a r e  n e c e s s a r y .  The t a b l e  ment ions  

a i r t i g h t n e s s  and w i n d t i g h t n e s s .  A i r t i g h t n e s s  means t h e  p r o p e r t y  of  

p r e v e n t i n g  a i r  from p e n e t r a t i n g  through t h e  s h e l l .  Wind t igh tness  

means t h a t  a i r  i s  prevented from p e n e t r a t i n g  t h e  s h e l l  so  t h a t  t h e  

thermal i n s u l a t i o n  p r o p e r t y  of t h e  immediately a d j a c e n t  i n s u l a t i o n  

m a t e r i a l  i s  n o t  reduced.  Using t h e s e  d e f i n i t i o n s ,  t h e r e  i s  consequen t ly  

a  wel l -def ined d i f f e r e n c e  between requ i rements  f o r  w i n d t i g h t n e s s  and 

a i r t i g h t n e s s .  The requirement  f o r  w i n d t i g h t n e s s  c a n  t h e r e f o r e  be 

f u l f i l l e d  wi thou t  t h e  requ i rements  f o r  a i r t i g h t n e s s  be ing  a c h i e v e d .  

T h i s  means t h a t  a m a t e r i a l  which can f u n c t i o n  a s  wind p r o t e c t i o n ,  f o r  

example r i g i d  m i n e r a l  wool s l a b s  f i t t e d  i n  a  c e r t a i n  way, cannot  be 

used t o  f u l f i l  a i r t i g h t n e s s  r e q u i r e m e n t s .  



Table A4.  I .  The main principles for the  design and positioning of 
a i r  sealing layers i n  c o m t r u c t w n s  (primarily for new 
bu i ld ings ) .  

- ..- -- 

C o n s t r u c t i o n  p r i n c i p l e  Advantages Disadvan tages  

I n t e r n a l  a i r t i g h t  c l a d d i n g  Uses common s h e e t  m a t e r i a l  The s h e e t  l i e s  u n p r o t e c t e d  
( e . g .  p l a s t e r b o a r d )  p r o p e r t i e s  R i sk  o f  p u n c t u r i n g  and 

Can be  checked and damages - 
r e c t i f i e d  r e l a t i v e l y  The j o i n t s  must  be s e a l e d  
e a s i l y  c a r e f u l l y  even a g a i n s t  

f l o o r s  and roof  S. S e n s i t i v e  
t o  movement and subsequent  
c r a c k  f o r m a t i o n  

A i r t i g h t  vapour b a r r i e r  A i r  /vapour b a r r i e r  C e r t a i n  d i f f i c u l t  
( e . g .  p l a s t i c  f i l m ,  c o n s t r u c t i o n a l  problems 

Large s i z e  f i l m  s h e e t s  can 
paper ,  m e t a l  f o i l )  be used ,  w i t h  few j o i n t s  Accuracy r e q u i r e d  a t  j o i n t s  

a s  a  r e s u l t  

Drawn i n  a i r t i g h t  vapour  The s e a l i n g  l a y e r  i s  pro- The e f f e c t s  of  "supplementary  
b a r r i e r  ( e . g .  p l a s t i c  f i l m ,  t e c t e d  a g a i n s t  damage i n s u l a t i o n "  from c a r p e n t r y  - - 
paper ,  me ta l  f o i l )  

E l e c t r i c a l  i n s t a l l a t i o n s  
p o s s i b l e  wi thou t  t h e  sea-  
l i n g  l a y e r  b e i n g  damaged 

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

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

Requ i res  a  doub le  wooden frame 

A i r t i g h t  wind b a r r i e r  
( e . g .  paper ,  s h e e t  
m a t e r i a l )  

Easy t o  a p p l y  

The wind p r o t e c t i o n ' s  a i r  
s e a l i n g  p r o p e r t i e s  c a n  be 
used 

S i g n i f i c a n t  r i s k  t h a t  vapour  
r e s i s t a n c e  i s  s o  good t h a t  
m o i s t u r e  c a n  condense i n s i d e  
t h e  c o n s t r u c t i o n  

The l a y e r  i s  a f f e c t e d  by 
ou tdoor  c l i m a t e  which can 
l e a d  t o  h i g h e r  demands on 
m a t e r i a l  p r o p e r t i e s  

R i sk  of damage dur ing  t h e  
b u i l d i n g  p e r i o d  

S t r i n g e n t  r equ i rements  f o r  
weather r e s i s t a n c e  of  t h e  
m a t e r i a l  

S t r i n g e n t  a i r t i g h t n e s s  
r equ i rements  i n  i n t e r n a l  
vapour b a r r i e r s  

Homogeneous a i r t i g h t  Simple d e s i g n  Connect ion d e t a i l s  t o  o t h e r  
s t r u c t u r e s  ( e . g .  c e l l u l a r  b u i l d i n g  m a t e r i a l  must be 

E l e c t r i c a l  c a b l e s  can be c o n c r e t e ,  c o n c r e t e ,  b r i c k )  solved s e p a r a t e l y  
p o s i t i o n e d  i n  t h e  m a t e r i a l  
wi thou t  j e o p a r d i z i n g  S t r i n g e n t  r equ i rements  on 
a i r t i g h t n e s s  j o i n t  s e a l i n g  m a t e r i a l  

between b u i l d i n g  e lements  



F u r t h e r  comnents on t h e  d e s i g n  p r i n c i p l e s  i n  T a b l e  A4.1 

a  > INTERNAL AIRTIGHT CLADDING 

T h i s  method could  be  a p p l i e d  t o  t imber  o r  s t e e l  b u i l d i n g  t echno logy .  

It i s  based on t h e  f a c t  t h a t  common i n t e r n a l  s l a b  cover ing  i s  o f t e n  

a i r t i g h t .  Examples o f  such s l a b  m a t e r i a l s  a r e  p l a s t e r b o a r d ,  c e r t a i n  

t y p e s  of p a r t i c l e  board and plywood. I f  a i r t i g h t n e s s  i s  t o  be 

ach ieved ,  c e r t a i n  measures must  be t aken  t o  s e a l  a l l  j o i n t s  between 

s l a b s  and a t  j o i n t s .  There  i s  a l s o  t h e  r i s k  of  damage r e s u l t i n g  

from movement i n  t h e  s t r u c t u r e  c a u s i n g  c r a c k  f o r m a t i o n .  I t  would 

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

has  n o t  s o  f a r  been a p p l i e d  t o  any g r e a t  e x t e n t .  

b  > AIRT IGHT VAPOUR BARRIER 

T h i s  method i s  based on t h e  i n t e r n a l  vapour b a r r i e r  being a i r t i g h t .  

I n  s e v e r a l  t imber  and s t e e l  s t r u c t u r e s ,  a  vapour b a r r i e r  i s  n e c e s s a r y  

d u r i n g  t h e  w i n t e r  t ime .  T h i s  b a r r i e r  i s  normal ly  a  s p e c i a l  q u a l i t y  of 

paper ,  aluminium f o i l  o r  p l a s t i c  f i l m .  A l l  t h e s e  m a t e r i a l s  a r e  

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

t h e  number of j o i n t s .  Also t h e  m a t e r i a l s  a r e  t h i n ,  making o v e r l a p  

j o i n t i n g  e a s y .  Consequent ly ,  good a i r t i g h t n e s s  i s  easy  t o  a c h i e v e .  

T h i s  i s  a l s o  d e s i r a b l e  from a vapour b a r r i e r  p o i n t  of  v iew.  The 

d i s a d v a n t a g e  i s  t h a t  t h e  m a t e r i a l  i s  r e l a t i v e l y  easy  t o  damage d u r i n g  

t h e  b u i l d i n g  s t a g e  and so  t h e  i n s t a l l e r  of e l e c t r i c a l  o r  HVAC s e r v i c e s  

c a n  make unaccep tab le  h o l e s  i n  t h e  m a t e r i a l .  C a r e f u l  p lann ing  i s  

t h e r e f o r e  r e q u i r e d ,  a s  a r e  d e t a i l e d  i n s t r u c t i o n  of  how h o l e s  f o r  

d i f f e r e n t  s e r v i c e s  a r e  t o  be made. The p r i n c i p l e  i s  o f t e n  a p p l i e d  t o  

s t e e l  and t imber  b u i l d i n g  t echno logy .  

c  1 DRAWN-IN AIRTIGHT VAPOUR BARRIER 

T h i s  method i s  based on t h e  same c r i t e r i a  a s  p r i n c i p l e  b ) .  I t  can be 

a p p l i e d  t o  t imber  and s t e e l  s t r u c t u r e s  which have a  v e r y  t h i c k  l a y e r  

of  i n s u l a t i o n .  A s m a l l e r  p a r t  - u s u a l l y  l e s s  than o n e - t h i r d  o f  t h e  

t h i c k n e s s  - c a n  u s u a l l y  be p laced  between t h e  s e a l i n g  l a y e r  and t h e  

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

b a r r i e r  i s  b e t t e r  p r o t e c t e d  a g a i n s t  damage. E l e c t r i c a l  c a b l e s  can a l l  

be l a i d  between t h e  s e a l i n g  l a y e r  and t h e  c l a d d i n g .  These a r e  good 

c o n d i t i o n s  f o r  m a i n t a i n i n g  permanent a i r t i g h t n e s s .  A t t e n t i o n  must be 



p a i d  t o  m o i s t u r e ,  p a r t i c u l a r l y  a t  j o i n t s  and o u t e r  c o r n e r s  where t h e  

the rmal  i n s u l a t i o n  f u n c t i o n  runs  t h e  r i s k  of b e i n g  reduced by t h e  

f o r m a t i o n  of  condensa t ion  and bad performance.  There  i s  a l s o  a  

c e r t a i n  r i s k  t h a t  m o i s t u r e  damage can  a r i s e  i n  damp a r e a s .  A r e l a t i v e  

humidi ty  i n d o o r s  o f  more than  50 p e r  c e n t  i n  w i n t e r  can  r e s u l t  i n  a  

r e l a t i v e  humid i ty  h i g h e r  than  80 p e r  c e n t  i n s i d e  t h e  vapour  b a r r i e r ,  

which may p r e s e n t  a r i s k  of mould i n  a wood frame s t r u c t u r e .  The 

method has  been a p p l i e d  t o  a  l i m i t e d  e x t e n t  t o  d a t e .  

AIRTIGHT WIND BARRIER 

The p r i n c i p l e  can be a p p l i e d  t o  t imber  and s t e e l  s t r u c t u r e s  s i n c e  

t h e y  a r e  p rov ided  w i t h  an a i r t i g h t  wind b a r r i e r .  Wind b a r r i e r s  of  

paper  o r  s h e e t  m a t e r i a l  s e a l e d  a t  j o i n t s  can be u s e d .  There  a r e  o f t e n  

good chances  o f  a p p l y i n g  a  wind b a r r i e r  w i t h o u t  t o o  many h o l e s  f o r  

s e r v i c e s  and t h e  wind b a r r i e r  can  o f t e n  p a s s  unbroken p a s t  wa l l  and 

j o i s t  j o i n t s .  Among t h e  d i s a d v a n t a g e s  i s  t h a t  t h e  q u e s t i o n  of  m o i s t u r e  

must  be c a r e f u l l y  c o n s i d e r e d .  An a i r t i g h t  l a y e r  i s  o f t e n  r e l a t i v e l y  

t i g h t  a g a i n s t  water  vapour and t h u s  i t  i s  n e c e s s a r y  t o  e n s u r e  t h a t  

t h e  vapour b a r r i e r  has  a  c o n s i d e r a b l y  g r e a t e r  r e s i s t a n c e  t o  wa te r  

vapour  d i f f u s i o n  t h a n  t h e  a i r t i g h t  wind b a r r i e r .  P a r t i c u l a r  a t t e n t i o n  

should be pa id  t o  a i r  l eakage  s i n c e  an i n t e r n a l  e x c e s s  p r e s s u r e  can 

l e a d  t o  m o i s t u r e  damage through m o i s t u r e  c o n v e c t i o n .  From t h i s  p o i n t  

of  view an u n d e r p r e s s u r e  i n d o o r s  i s  p r e f e r r e d  i n  d w e l l i n g s  even w i t h  

balanced v e n t i l a t i o n .  There  i s  a l s o  a  r i s k  t h a t  t h e  a i r t i g h t  wind 

b a r r i e r  might  be damaged d u r i n g  t h e  b u i l d i n g  phase .  

An a i r t i g h t  wind b a r r i e r  can,  however, be an e x c e l l e n t  complement t o  

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

e n t i r e l y  on t h e  wind b a r r i e r  as t h e  b u i l d i n g ' s  e f f e c t i v e  a i r  s e a l  

h a s  been a p p l i e d  t o  a  l i m i t e d  e x t e n t  because  o f  t h e  r i s k  of m o i s t u r e .  

However, an  a i r t i g h t  wind b a r r i e r  i s  a  common complement t o  an  

a i r t i g h t  vapour b a r r i e r .  I t  i s  e a s i e r  t o  form connec t ing  p a r t s .  

e  > HOMOGENEOUS AIRTIGHT STRUCTURES 

T h i s  p r i n c i p l e  can be a p p l i e d  t o  s t r u c t u r e s  of  homogeneous brickwork 

and a l s o  when d i f f e r e n t  t y p e s  of c o n c r e t e  e lements  a r e  used .  Most 

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

and e x t e r n a l l y  wi th  p l a s t e r .  They have t h e  added advantage t h a t  

d i f f e r e n t  p i p e s  and c a b l e s  can be l a i d  i n  t h e  s t r u c t u r e  wi thou t  



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

good a i r t i g h t n e s s  i n  such  s t r u c t u r e s .  I n  c a s e s  o f  bad f o u n d a t i o n s ,  

c r a c k s  c a n  o c c u r  t h a t  c a n  l e a d  t o  a i r  l e a k a g e .  A t  j o i n t s  and 

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

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

m a t e r i a l s  o f t e n  have  a  l i m i t e d  s e r v i c e  l i f e .  J o i n t s  must t h e r e f o r e  be 

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

r e q u i r e d .  'l'he p r i n c i p l e  o f  u s i n g  homogeneous m a t e r i a l s '  a i r  s e a l i n g  

p r o p e r t i e s  h a s  a  w idesp read  a p p l i c a t i o n .  

A 4 . 2  P l a n n i n g  f o r  airtightness 

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

i n f i l t r a t i o n  demands new, more s t r i n g e n t ,  p l a n n i n g  r e q u i r e m e n t s .  I t  

i s  v e r y  i m p o r t a n t  f o r  t h e  comple t e  s e a l i n g  f u n c t i o n  t o  be c a r e f u l l y  

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

work, t o  i n d i c a t e  a n  a c c a p t a b l e  work sequence  on  s i t e .  S u p e r v i s o r y  

s t a f f  and  t h e  w o r k f o r c e  s h o u l d  be a d e q u a t e l y  informed abou t  t h e  

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

work i n  t h e  c o r r e c t  manner.  To p roduce  a  w e l l - s e a l e d  and i n s u l a t e d  

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

h a n d l i n g  i s  n e c e s s a r y .  M a t e r i a l s  a r e  d i s c u s s e d  i n  C h a p t e r  A 8 .  
4 

E x p e r i e n c e  from b u i l d i n g  a i r t i g h t  h o u s e s  i n  Sweden shows t h a t  t h e  

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

c a r e f u l l y  e x e c u t e d  p l a n n i n g .  The p r ime  r e q u i s i t e  i s  a knowledge o f  

how a i r t i g h t n e s s  i s  t o  be a c h i e v e d .  T h e r e  a r e  examples  of s o l u t i o n s  

which,  i n  p r o d u c t i o n ,  do n o t  have  any m e a s u r a b l e  a d d i t i o n a l  c o s t s  

bu t  which a r e  s t i l l  v e r y  a i r t i g h t .  

The f o l l o w i n g  examples  show a i r  l e a k a g e  i n  d i f f e r e n t  j o i n t s .  F i g u r e  

A4.1 shows r e s u l t s  of  l a b o r a t o r y  t e s t s  o f  a i r  l e a k a g e  measured  a s  a  

f u n c t i o n  o f  a i r  p r e s s u r e  a t  d i f f e r e n t  j o i n t  d e s i g n s  be tween s h e e t s  

mounted on  beams. The s h e e t s  t h e m s e l v e s  a r e  a i r t i g h t  f o r  a l l  p r a c t i c a l .  

p u r p o s e s .  The r e s u l t s  show t h a t  w i t h  a  p r e s s u r e  d i f f e r e n c e  o f  50 P a ,  

t h e  a i r  l e a k a g e  r a t e  i s  o f t e n  of  t h e  o r d e r  of  ( 0 . 3 - 1 ) . 1 0 - ~  m3/m2s 
3 2 

(1-4 m /m h )  i f  t h e  j o i n t  l e n g t h  i s  1 m / m 2 .  T h i s  i s  a  c o n s i d e r a b l e  

amount o f  a i r  l e a k a g e  and c a n n o t  be a c c e p t e d  i n  a i r t i g h t  h o u s e s .  I n  

o r d e r  t o  a c h i e v e  good a i r t i g h t n e s s ,  s h e e t  j o i n t s  mus t  be  c a r e f u l l y  

s e a l e d .  
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Figure A 4 . i .  

The top  d i a g r m  s h m s  a i r  leakage measured through G plasterboard 
j o i n t .  Despite care fd l  F i t t i n g ,  a cor , sdernb le  mouizt o-f' a i r  ieakagc 
was measured tk.ro~l2h tjZe j o i n t .  Air t ightr:ess  can only  bc achieved Sy 
Zayixg f i l m  completely  acroso the  jo in t  or  by usiizg seaLir6 .strips 
f o r  t a p e )  a d  f i l l e r .  

The m i d d l e  dirzgrm shows a i r  leakage meastcrecl t h o u g h  ct j o in t  between 
two plasterboard c e i l i q ~  panels.  Such hoards are  normally mouzted on 
t h i n  panels ard t h e  r e s u l t  can he considered represen ta t i ve  of normal 
pract ice.  ?ili,zeral m 0 1  in su la t io r ,  .,as, a s  expected, W p a r t i m l a r  
e f f e c t  on a i r t i 2 h t n e s s .  There i s  conciderable a i r  leakage through the  
j o i x t  . 
The bottom diagram shows a i r  leakago measureu t h o u ~ ~ h  a jo in t  S e t m e n  
bituninoua boards c a r e f i l l y  ~ a i l e d  t o  a wooder, beam. Dt;:spite the , shcc t  
heir,$ almost impervious a leakage o f  almost 6 .3 .  1 T v 7  mt, /m S ( L  m C / m  h! 
uas rrmsmed u i t h  a pressLcre d i f f i r e r c e  o f  56  Pa. Boariwg i x  v i d  
normal mo~emcnts  i n  sheet  ma ter ia l s  a d  rxzils, air t ightrzesn -annot Fc 
achieved w i t h m t  t h e  fur ther  sea l ing  o f  j o i n t s .  



S i m i l a r l y ,  F i g u r e  A 4 . 2  shows r e s u l t s  o f  a i r  l e a k a g e  measured  aL a n  

e l e c t r i c a l  j u n c t i o n  box f i t t e d  i n  p l a s t e r b o a r d .  I n  t h i s  c a s e ,  t-he 
3 

a i r  l e a k a g e  amounted C O  ( 0 . 5 - 1 ) . 1 0 - ~  m 3 / s  (2-4 m / h )  f o r  e a c h  

c o n n e c t i o n  box.  I t  s h o u l d  be n o t e d  t h a t  t h e  e l e c t r i c a l  c o n n e c t i o n  

was v e r y  c a r e f u l l y  mounted and such  a c c u r a c y  c a n  h a r d l y  be cxpcct-ed 

i n  p r a c t i c e .  T h i s  r e s u l t  e v i d e n t l y  shows t h a t  p e n e t r a t i o n s  i n  

s e a l i n g  l a y e r s  i n  i n s t a l l a t i o n s  e t c .  c a n  have  a  d e t r i m e n t a l  e f f e c t  

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

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

s e a l i n g  a l s o  c a u s e  an i n c r e a s e  i n  t h e  a i r  change  i n  t h e  o r d e r  of  

0 . 5  a c / h  measured  a t  a  p r e s s u r e  d i f f e r e n c e  o f  50 P s .  C a r e f u l  s e a l i n g  

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

i n  e x t e r n a l  w a l l s  and r o u t e s  t h rough  s e a l i n g  l a y e r s .  A i r  movement 

caused  by p e r v i o u s  s e r v i c e  r o u t e s  can  a l s o  l end  t o  a  r e d u c t i o n  i n  

t he rma l  i n s u l a t i o n  p r o p e r t i e s  and c a n  a l s o  cause  d r a u g h t s .  

A i r  leakage, mJ/s 

0 4 0 8 0 120 160 200 
Air pressure, Pa 

The f o l l o w i n g  p o i n t s  h e l p  t o  a c h i e v e  good ,  permanent  a i r t i g h t n e s s .  

o C a r e f u l l y  p l a n  and show t h e  s y s t e m s  f o r  a i r t i g h t n e s s  and how 
a i r t i g h t n e s s  i s  a c h i e v e d  i n  d e t a i l  o n  d r a w i n g s .  

o T r y  t o  g e t  a l l  a i r  s e a l i n g  l a y e r s  i n  t h e  same p l a n e  
t h r o u g h o u t  t h e  s t r u c t u r e  . 

o Where p o s s i b l e ,  a v o i d  d e s i g n  and i n s t a l  l a  t i on -dependen t  
p e n e t r a t i o n s  i n  t h e  s e a l i n g  l a y e r .  

o S e a l i n g  work must  be  e a s y  t o  c a r r y  o u t .  

o Use o n l y  m a t e r i a l  w i t h  documented d u r a b i l i t y  and  make s u r e  
t h a t  m a t e r i a l  w i t h  a l i m i t e d  s e r v i c e  l i f e  c a n  b e  e a s i l y  
r e p l a c e d .  



EXAMPLE OF THE USE OF VAPOUR B A R R I E R S  FOR A I R  S E A L I N G  

T h i s  example i l l u s t r a t e s  how p l a n n i n g  f o r  a i r t i g h t n e s s  can 
use  t h e  vapour b a r r i e r  a s  t h e  a i r  s c a l i n g  l a y e r  i n  t imber  
s t r u c t u r e s .  The work c a n  be c a r r i e d  o u t  i n  s t a g e s  and i s  
shown i n  t h e  f o l l o w i n g  f i g u r e s .  The example shows a  s i t e -  
b u i l t  de tached  house .  The c o n s t r u c t i o n  d e t a i l s  a r e  shown 
i n  Chapter A9 and i n  P a r t  B.  

Stage 1 

The seal ing  work i s  prcpured us e a r l y  us  the  frmcwork 
e rec t ion  by placing s t r i p s  o f  p l a s t i c  f i lm  between 
supporting s t r u c t u r a l  tirrber. Jo in t ing  and overlapping 
against  these  s t r i p 3  can be done l a t e r  and a continuous 
sea l ing  layer  i s  posnible .  

Spec ia l  sea l ing  measures are taken for d i f f e r e n t  types o f  
penetrat ions.  There are d i f f e r e n t  methods for e l e c t r i c a l  
cab le s ,  v e n t i k t i o n  d u c t s ,  dra in  p ipes ,  e t c .  A common 
factor  i n  a l l  these  methods i s  t h a t  they  provide an 
a i r t i g h t  connection nnd/or j o i n t  against  the  ordinary 
p l a s t i c  f i h .  



Stage 3 

P l a s t i c  f i lm  i s  f i t t e d  t o  t he  gable wa l l s  o f  t he  b u i l d i n g ' s  
upper f loor .  The f i lm  i s  f i t t e d  so  t h a t  t here  i s  an overlap 
against  waZZs and roo f .  Large s i z e  shee t s  o f  p l a s t i c  are 
recommended. 

Stage 4 

P l a s t i c  f i lm  i s  f i t t e d  t o  t h e  wall  and roof  s t ruc ture  i n  
the  upper f Zoor. A s u i t a b l e  s i z e  o f  p l a s t i c  f i l m  uhich  
covers  t he  area between roof  t r u s s e s  and provideo 
~ u f f i c i e n t  overlap i s  used. 



Stage 5 

P l u s t i c  f i l m  i s  f i t t e d  t o  t h e  wa l l s  i n  t h e  bottom f loor .  
A su i tab le  s i z e  o f  p l a s t i c  f i l m  where t h e  wid th  i s  equal 
t o  t he  wal l  he ight  plus  overlap i s  used. The p l u s t i c  f i lm  
is r o l l e d  out  along t h e  length  o f  t he  ou te r  wa l l  and i s  
then  f i t t e d .  Very few j o i n t s  are required.  Overlap and 
clamped j o i n t s  are poss ib le  both  a t  t h e  corner o f  t h e  
c e i  l i n g  and the  f  Zoor. 

Ro l l  ou t  around ou te r  L i f t  up, fold the  Fold down the  large 
wa 1  1  l i t t l e  f lap  agains t  f lap  a d  fas ten  the 

t h e  c e i l i n g ,  fas ten  f i  h 
i n  under the  f  lap 

Stage 6 

F ina l l y ,  t he  p l a s t i c  f i b  is l a i d  out  on t h e  f l oor .  A c e r t a i n  
amount o f  thermal i n s u l a t i o n  can be l a i d  on top  without  
r i s k  o f  moisture damage. 

A4.3 Reference 

Carlsson, B., Elmroth, A. & Engvall, P.-A.,  Airtightness and thermal 
insulation. Building design solutions. (Swedish Council for Building 
Research.) D37:1980. Stockholm 1980. 



REGULATIONS AND REQUIREMENTS 

T h i s  s e c t i o n  summarizes c u r r e n t  r e q u i r e m e n t s  and s t a n d a r d s  f o r  

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

minimum v e n t i l a t i o n  and maximum c o e f f i c i e n t  o f  t h e r m a l  t r a n s m i t t a n c e .  

T h i s  i s  a n  o u t l i n e  summary o f  t h e  r e q u i r e m e n t s  demanded o f  b u i l d i n g s  

and b u i l d i n g  s e c t i o n s  w i t h  t h e  a im  of  c o n s t r u c t i n g  low-energy  

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

I n  some c o u n t r i e s  t h e r e  a r e  s e v e r a l  i n s t i t u t i o n s  t h a t  c o m p i l e  

s t a n d a r d s  ( e . g .  U n i t e d  S t a t e s  and Un i t ed  Kingdom). T h i s  makes 

comprehens ive  compar i son  d i f f i c u l t  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  

v e n t i l a t i o n .  T h e r e  i s  a l s o  a  number of  manuals  wh ich ,  i n  c e r t a i n  

c a s e s ,  form p r a c t i c e s  and assume t h e  c h a r a c t e r  o f  a  s t a n d a r d .  Local  

s t r i n g e n t  r e q u i r e m e n t s  a r e  n o t  uncommon i n  t h e  U n i t e d  S t a t e s .  The 

b a s i s  f o r  s p e c i f i c  r e q u i r e m e n t s  and t h e i r  v a l i d i t y  v a r y  be tween 

d i f f e r e n t  c o u n t r i e s .  

T a b l e  A5.1 g i v e s  a  summary of d i f f e r e n t  f u n c t i o n a l  r e q u i r e m e n t s  i n  

d i f f e r e n t  c o u n t r i e s .  These  r e q u i r e m e n t s ,  which  a r e  n o r m a l l y  v a l i d  

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

Codea or 
standards: '' 

Airtightness: 
component S 

whole building 

?tin ventilation 
r A t C  

due to combustion 

k-values, components 
h-values. whole building 

Building BF 5MS 
regulations 

R = 2 e p i r m e t . s  e x i s t s  
! - A'o reqi(iremex: e x i s t s  
C = Csonpsrz?ati3r. aliosred if to*: hect 

loae of h i l d i r ~  i s  r a t  irirsnosd 
K = r7equirments orlig or, wirdows 
W + L ~  = Requirmertn orZy 39 m'mlows a d  &ore 



For  d e t a i l e d  i n f o r m a t i o n  r e f e r  t o  t h e  r e s p e c t i v e  c o u n t r y ' s  s e c t i o n  i n  

P a r t  B and t h e  t e x t  of t h e  r e l e v a n t  s t a n d a r d .  

A5.1 A i r t i g h t n e s s  

C u r r e n t l y ,  Sweden and Norway a r e  t h e  o n l y  c o u n t r i e s  t h a t  have 

recommendations f o r  a i r t i g h t n e s s  f o r  whole b u i l d i n g s .  The m a t t e r  i s  

be ing  d i s c u s s e d  i n  t h e  United S t a t e s  and recommendations w i l l  

p robab ly  be  in t roduced  i n  Canada i n  1982. 

There  a r e  r equ i rements  f o r  a i r t i g h t n e s s  of windows and d o o r s  i n  

s e v e r a l  c o u n t r i e s .  These a r e  compiled p r i m a r i l y  w i t h  p r o t e c t i o n  

a g a i n s t  r a i n  p e n e t r a t i o n  i n  mind. There  e x i s t  IS0 and ASTM s t a n d a r d s  

o r  d r a f t  s t a n d a r d s  f o r  c l a s s i f i c a t i o n  and t e s t  methods f o r  windows 

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

Methods f o r  c a l c u l a t i n g  a i r  i n f i l t r a t i o n  and energy l o s s e s  e x i s t  and 

a r e  reviewed i n  t h e  S e c t i o n  on c a l c u l a t i o n  methods .  A s  y e t  t h e  methods 

a r e  no t  s t a n d a r d i z e d .  

Tab le  A5.2 shows t h e  demands f o r  a i r t i g h t n e s s  f o r  a  complete house i n  

Sweden and Norway. 

TabLe L.5. 2 .  .4cceptaFLe m a b  Zcahgc  fac tors  ( a i r  c h a q e  r a t e  per 
~ o , A T ~ )  for J ,OLISCG a t  5 3  Pa pressllre d i f l e r c m e  a.? per 
T e s t  .Yethods SP 1977:i o r  NSd2G3 ( s e e  C h p t e r  A . ! 1 ) .  

Type of  b u i l d i n g  Leakage f a c t o r  a c / h  
a t  50 Pa 

Sweden Norway 

Detached and l i n k e d  houses  3 . 0  4 . 0  

Other  houses ,  max. 2 f l o o r s  2 . 0 ' )  3.0  

Houses w i t h  3  o r  more f l o o r s  1 . 0  1 . 5  

The value app l i e s  t o  t he  leakage ~I i ic i z  oc?c3xrs towards 
mposed or  non-hated  areas .  I t  c m  for a m p l e  he 
appl ied t o  terraced ilouse aparatmext:; ~ i t k  almost t i ~ h t  
party wal l s  ( e . g .  of c o r c r e t e ) .  I t  car, a l s o  he appl ied 
t o  leaky part3 m l l s  i f  a c o r r ~ c t i o r ~  i3 made for  L i x  
leakages.  I f  no s p e c i ~ l  c o r r c c t i o ~ :  has beex made fop 
leaky part3 m l Z s ,  e .g .  cc ,'i.amsr~ork strcc:,l;~re, a  value 
of 3 .3  ac/h i s  accepted. 



A 5 . 2  Minimum ventilation 

To e n s u r e  good a i r  q u a l i t y  i n d o o r s ,  r e q u i r e m e n t s  f o r  minimum 

v e n t i l a t i o n  have  been  i n t r o d u c e d  f o r  b u i l d i n g s  and p r e m i s e s  o c c u p i e d  

by p e o p l e .  These  r e q u i r e m e n t s  a r e  f o r m u l a t e d  i n  d i f f e r e n t  ways.  

A fundamen ta l  a s s u m p t i o n  i s  t h a t  t h e  c o n c e n t r a t i o n  o f  i n j u r i o u s  and 

u n h y g i e n i c  p o l l u t a n t s  must  n o t  exceed  s p e c i f i e d  l i m i t s .  These  

r e q u i r e m e n t s  have  been  t r a n s l a t e d  i n  t e r m s  of a i r  c h a n g e s ,  a i r  f l o w  

and v e n t i l a t i o n  o p e n i n g s  i n  d i f f e r e n t  v e n t i l a t i o n  s y s t e m s .  

The  r e q u i r e m e n t s  d i f f e r  c o n s i d e r a b l e  depend ing  on  t h e  u sage  o f  t h e  

b u i l d i n g .  D i f f e r e n t  v e n t i l a t i o n  s y s t e m s  a r e  r e q u i r e d  f o r  d i f f e r e n t  

b u i l d i n g s .  I n  t h e  c a s e  of  new h o u s e s ,  t h e r e  a r e  c u r r e n t l y  no 

r e q u i r e m e n t s  f o r  t h e  i n s t a l l a t i o n  o f  mechan ica l  v e n t i l a t i o n .  However, 

i t  may b e  n e c e s s a r y  t o  have  m e c h a n i c a l  v e n t i l a t i o n  i n  s i n g l e - f a m i l y  

d w e l l i n g s  i f  n a t u r a l  v e n t i l a t i o n  c a n n o t  p r o v i d e  s u f f i c i e n t  a i r  change  

r a t e s .  The d i f f e r e n t  s t a n d a r d s '  v a l u e s  f o r  r e q u i r e d  a i r  c h a n g e s  r a t e s  

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

I f  mechan ica l  v e n t i l a t i o n  i s  t o  be  i n s t a l l e d ,  t h e r e  a r e  r e q u i r e m e n t s  

f o r  minimum f l o w  and c a p a c i t y  i n  many c o u n t r i e s .  I n  t h e  c a s e  of  

n a t u r a l  v e n t i l a t i o n  t h e r e  a r e  r e q u i r e m e n t s  f o r  open  v e n t i l a t o r  a r e a ,  

o p e n a b l e  f l a p s  and a i r  f l o w .  

With e n e r g y  s a v i n g  i n  mind,  t h e  minimum v e n t i l a t i o n  i s  o f t e n  t h e  

maximum v e n t i l a t i o n .  I n  c e r t a i n  c a s e s  t h i s  h a s  r e s u l t e d  i n  

i n s u f f i c i e n t  v e n t i l a t i o n  r e s u l t i n g  i n  m o i s t u r e  and mould p r o b l e m s ,  

bad a i r ,  e t c .  A c o n t r i b u t o r y  r e a s o n  f o r  t h e s e  p rob lems  i s  t h e  

i n a d e q u a t e  c o l l a b o r a t i o n  be tween i n s t a l l a t i o n  and b u i l d i n g  t e c h n i c i a n s  

( s e e  C h a p t e r  A 2 ) .  

T a b l e  A5.3 shows t h e  maximum i n d o o r  c o n c e n t r a t i o n s  o f  d i f f e r e n t  

p o l l u t a n t s  a l l owed  by ASHRAE and o t h e r s .  Most l i m i t s  g i v e n  i n  

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

d w e l l i n g s .  I n  Sweden, f o r  i n s t a n c e ,  t h e  N a t i o n a l  Swedish Commit t e e  

f o r  H e a l t h  and S a f e t y  a t  Work d e c i d e s  maximum l i m i t s  f o r  c o n c e n t r a t i o n s  

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

t o  i n  t h e  Swedish B u i l d i n g  Code (SBN 1980) where  it i s  s t a t e d  t h a t  

v e n t i l a t i o n  i n s t a l l a t i o n s  i s  t o  b e  d imens ioned  t o  keep  a  c o n c e n t r a t i o n  

l e v e l  o f  o n e - t w e n t i e t h  o f  t h e  g i v e n  maximum c o n c e n t r a t i o n  e x c e p t  f o r  



Table A S .  3.  Highest permissible  concentrat ions o f  d i f f e r e n t  
 pollutant^ indoors.  

Contaminant Sweden Uni ted  S t a t e s  

SBN 1980 ASHRAE 62-1981 

Carbon d i o x i d e  4 . 5  g/m 
3 l )  

Formaldehyde 120 pg/m3 

Radon 

Ozone 

Odour /smoke s e e  n o t e 3 '  s u b j e c t i v e  e v a l u a t i o n 3 )  

? Continous exposure 
2 AnrunaZ average (K - Vorkiry l e v e l )  
3 Odours and o ther  contaminanto a r e  not allowed t o  

cause hygienic  i ~ c o n v e n i e n c e  t o  occupants 
4 ,?adon decay prodlccts ' concentra t ion  i n  new bu i ld i rgs  

Further information aboxt a i r  p o l l u t i o n  and indoor a i r  
q u a l i t y  i s  present& hy IEA Annez IX '!Vimnnun 
VentiZatiori Rates".  

CO and CO2 f o r  which one- ten th  of t h e  hyg ien ic  l i m i t  v a l u e s  a r e  

a c c e p t e d .  S t i l l ,  t h e s e  a p p l y  mos t ly  t o  working c o n d i t i o n s .  For 

d w e l l i n g s ,  t h e  term "hyg ien ic  inconvenience"  of t e n  o c c u r s  a s  a  

sub j  ec t i v e  l eve1 i n  requirement  S .  

Minimum v e n t i l a t i o n  r a t e s  f o r  d w e l l i n g s  a c c o r d i n g  t o  codes  i n  

d i f f e r e n t  c o u n t r i e s  a r e  shown i n  Tab le  A 5 . 4 .  These requ i rements  

d e t e r m i n e  minimum f l o w  of supply  outdoor  a i r  o r  c a p a c i t y  of  f a n s  

i f  mechanical  v e n t i l a t i o n  i s  i n s t a l l e d .  

Apar t  from t h e s e  requ i rements  t h e r e  a r e  s p e c i a l  r e g u l a t i o n s  f o r  

supply  a i r  t o  combustion and b o i l e r  rooms. 

Tab le  A5.5 shows requ i rements  on v e n t i l a t o r  open ings  and a r e a  of 

openab le  windows i n  d w e l l i n g s  w i t h  n a t u r a l  v e n t i l a t i o n .  



Table 4 5 . 4 .  Requ i rmen t s  for minimm o e n t i l a t i o n  (and ranges)  i n  
dweZZings expressed i n  a i r  changes per hour ( a c / h )  or  
volume (dm3/s, dm3/s m2 f loor  area or  dm3/s person) .  
Note: 1 h 3 / 3  = 1 l / s  = 0.001  m3/c.  

Country  Code Whole Ki t chen  Bathroom L i v i n g  room Bedroom 
d w e l l  ing 6 WC 

Canada R e s i d e n t i a l  
S t a n d a r d s  80" ') 

S e t h e r l a n d s  SEK 1087') 

Norway UF') 

Swedcn SBN 1980" 

Swit r e r  l and S ~ 3 8 0 ' !  

Uni ted Bu i ld ing  
K~ngdom ~ e ~ u l a t i o n s ' ,  '; 

Uni ted  ASHRAL 62-1981 'j 
S t a t e s  Sununary o l  

o t h e r  codes': 

6  a c / h I J  3  3 3  a c / h l '  3-8 dm / B  pers . '*IJ  3-8 dm / B  pe re . ' ,V  
(Sco,  l and  o n l y )  ( n o t  i n  In- C O  land o n l y )  (Sco t l and  o n l y )  5 1  dm / B  m2 n e t  London) 6  dm 5 /S  p e r s o n  6  dm3/s p e r s o n  
( I n n e r  London) ( I n n e r  London) ( I n n e r  London) 

TaSle A 5 . 5 .  Requirements for m i n i m  v e n t i l a t o r  openings i n  dwel l ings  
w i th  natural  v e n t i Z a t w n  i n  rn2 or  per cent  of f loor area.  

Country  Code h'hole K i t chen  Bathroom L iv ing  room Bedroom Basement 
d w e l l i n g  h WC 

C a n ~ d a  R e s i d e n t i a l  
S t a n d a r d s  8 0  
(Dwel l ing u n i t s )  

Ne the r l ands  NPR l 088  0 . 0 2 / 0 . 0 3  m2 0.01 m  2  0.02-0.04 m2 0.02-0.04 m  2  
3  ( 1  m2 p e r  m / B )  

Norvay BF 0 . 0 2  m' 

Sweden SBN 1980 0 .02 m2 

Uni t ed  h i l d .  R e g u l a t i o n s  5 Z 
Kingdom ( B u i l d .  R e g u l a t i o n s  

England h Wales) 
( B u i l d .  S t a n d a r d s  
S c o t l a n d )  

Un i t ed  Sumnary of 16  4-5 X 
S t a t e s  d i f f e r e n t  codes  

5 9: S Z 5 X o r  
(>0 .1  i n  (+0.015 m2 ven- l i v i n g  room 
S c o t l a n d )  c i l a t o r  i n  
( 0 . 1 8  m2 open- S c o t l a n d )  
a b l e  windov i n  (+0.002 m2 per -  
Inne r  London) manent v e n t .  i n  

Inne r  London) 

NB Apart from these requiremente, there are r e q u i r m m t s  for openable w i n d m e  or  oorresponding d m w o s  t o  oope 
w i t h  "ex t rme  cases".  Imar London d i f f e r s  sommhat from United Kingdom as  a whoLe, being more de ta i tod  than 
shown above. 



A5.3 Thermal i n s u l a t i o n  

Tab le  A 5 . 6  shows t h e  maximum p e r m i s s i b l e  k-values  (U-values) f o r  t h e  

envelope of  s i n g l e - f a m i l y  d w e l l i n g s .  

I n  Sweden and Denmark, t h e  requ i rements  r e l a t e  t o  a l l  b u i l d i n g s  t h a t  
0 

a r e  expected t o  be  hea ted  t o  a t  l e a s t  1 8  C .  

I n  t h e  United S t a t e s ,  t h e  v a l u e s  app ly  t o  s i n g l e - f a m i l y  and two- 

f a m i l y  d w e l l i n g s .  Apar t  from t h e  requ i rements  f o r  thermal  i n s u l a t i o n  

of e x t e r n a l  w a l l s  be ing  somewhat lower ,  t h e  f i g u r e s  a p p l y  t o  a l l  

d w e l l i n g s  w i t h  t h r e e  f l o o r s  o r  l e s s .  

I n  t h e  United Kingdom t h e  v a l u e s  a p p l y  t o  d w e l l i n g s ,  i n  Canada t o  

r e s i d e n t i a l  b u i l d i n g s ,  whereas i n  Swi tze r l and  and t h e  Ne ther lands  t h e  

v a l u e s  a p p l y  t o  a l l  new b u i l d i n g s .  

The methods o f  c a l c u l a t i n g  t h e  k-value do n o t  d i f f e r  s i g n i f i c a n t l y  

between c o u n t r i e s .  ( A  method i s  g i v e n  i n  Chapter  A 7 . )  I n  c e r t a i n  

c a s e s ,  somewhat d i f f e r e n t  v a l u e s  a r e  used f o r  s u r f a c e  r e s i s t a n c e s  b u t  

t h e s e  a r e  o f t e n  compensated f o r  when dimensioning t h e  i n s u l a t i o n .  The 

d i f f e r e n c e s  which a r e  a p p a r e n t  a p p l y  p r i m a r i l y  t o  co ld  b r i d g e s .  

Where t h e  requ i rements  and c a l c u l a t i o n s  f o r  c o l d  b r i d g e s  a r e  

concerned,  t imber  frame members a r e  n o t  inc luded  i n  t h e  framework's 

the rmal  r e s i s t a n c e  i n  t h e  Uni ted  S t a t e s  and Canada hence t h e  v a l u e s  

app ly  t o  t h e  b e s t  c a s e  s e c t i o n .  Cold b r i d g e s  a t  d i f f e r e n t  c o n n e c t i o n s  

a r e  not  cons ide red .  These methods of c a l c u l a t i o n  do no t  encourage 

energy sav ing  d e s i g n  s o l u t i o n s  a t  connec t ions  between b u i l d i n g  

s e c t i o n s .  I n  Sweden and Norway t h e  e f f e c t  of c o l d  b r i d g e s  i s  

c a l c u l a t e d  i n  t h e  r e s p e c t i v e  b u i l d i n g  s e c t i o n ' s  thermal  r e s i s t a n c e .  

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

One method of  c a l c u l a t i n g  t h e  i n f l u e n c e  of c o l d  b r i d g e s  i s  d e s c r i b e d  

i n  Sec t  i o n  A 7 . 2  "Heat Trans fe r" .  



Table A 5 . 6 .  Maxim? permitted heat t r a x s f e r  c o e f f i c i e n t s ,  k-value, 
i n  w/rndi( for  ou te r  par ts  o f  dwel l ings .  
Note: in Canada, Netherland3 and Unitcd S t a t e s  the  
requirements o f t e n  are  &en as  R-values (R t 1 / 7 ~ ) .  

Canada D e w a r k  S e t h e r l a n d s  Norway Sweden S w i t z e r l a n d  Un i t ed  Kingdom Uni ted S t a t e s  
1978 1979 1978 1980 1980 1980 1982 1980 

A S H U E  

R00 f  

Expoeed 
o u t s i d e  w a l l  

Exposed f l o o r  
e t r u c t u r e s  

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

F l o o r  s t r u c t u r e  
on  c a r t h  

F l o o r  s t r u c t u r e  
above c e l l a r  

Windowe 

Doors 

Max. window 
a r e a  

Urn-hui l d  ing 
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CLIMATE A N D  D E G R E E  DAYS 

A6.1  Comparisons of temperatures, wet b u l b  temperatures 

and w i  ndspeeds 

Comparing t h e  i n t e r p l a y  between c l i m a t e  and energy consumption i n  

b u i l d i n g s  i s  i n t e r e s t i n g  and c o n t r i b u t e s  t o  t h e  unders tand ing  of 

which c l i m a t e  f a c t o r s  a r e  r e l e v a n t  t o  a  b u i l d i n g ' s  energy consumption.  

I n v e s t i g a t i o n s  i n  Sweden have shown t h a t  houses  i n  c o l d  c l i m a t e s  

o f t e n  do n o t  consume more energy than  houses  i n  warmer c l i m a t e s ,  and 

o f t e n  consume l e s s .  T h i s  probably  r e s u l t s  from b e t t e r  d e s i g n ,  

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

L a t e l y ,  t h e  e f f e c t  of d i f f e r e n t  c l i m a t e  f a c t o r s  on energy consumption 

i n  b u i l d i n g s  h a s  aroused c o n s i d e r a b l e  i n t e r e s t .  Today t h e r e  a r e  o n l y  

i n d i c a t i o n s  of  what p r o p o r t i o n s  s o l a r ,  wind, snow, r a d i a t i o n  and 

m o i s t u r e  c o n d i t i o n s  c o n t r i b u t e  t o  t h e  energy b a l a n c e .  

The c l i m a t e  f a c t o r  most r e a d i l y  used i s  ou tdoor  t empera tu re .  The term 

"degree-day", d e s c r i b e d  i n  t h e  next  s e c t i o n ,  i s  a  consequence o f  t h i s  

and t h e  term " lowest  d e s i g n  outdoor  temperature"  h a s  come i n t o  b e i n g .  

The e f f e c t  and magnitude of d i f f e r e n t  c l i m a t e  f a c t o r s  depend t o  a  

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

t o p o g r a p h i c a l  l o c a t i o n ,  e t c .  

To be  a b l e  t o  c a l c u l a t e  t h e  energy b a l a n c e  a c c u r a t e l y ,  t h e  m i c r o c l i m a t e  

and i t s  e f f e c t s  have t o  be c o n s i d e r e d .  The m i c r o c l i m a t e  i s  t h e  wind, 

s o l a r  r a d i a t i o n ,  t e m p e r a t u r e  and m o i s t u r e  c o n d i t i o n s  which occur  

around t h e  b u i l d i n g .  These c o n d i t i o n s  can  v a r y  c o n s i d e r a b l y  from 

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

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

e r e c t e d  t h e r e .  What changes occur  can  be  d i f f i c u l t  t o  f o r e c a s t .  

R e s u l t s  from measurements of l o c a l  c l i m a t e  f a c t o r s  have r e c e n t l y  been 

used when p lann ing  and d e s i g n i n g  new b u i l d i n g s  t o  minimize energy 

l o s s e s  due t o  c l i m a t i c  c o n d i t i o n s .  

The f o l l o w i n g  i s  a  summarized comparison between t e m p e r a t u r e ,  dew 

p o i n t  and windspeed f o r  d i f f e r e n t  l o c a t i o n s  i n  Europe and North 



America. These f a c t o r s  a r e  assumed t o  have t h e  g r e a t e s t  e f f e c t  on a  

h o u s e ' s  energy consumption and t o  be t h e  most s i g n i f i c a n t  w i t h  r e s p e c t  

t o  v e n t i l a t i o n  and a i r  l eakage  i n  b u i l d i n g s .  The a i r ' s  m o i s t u r e  

c o n t e n t  - s t a t e d  a s  wet bu lb  t empera tu re  - i s  i n  many c a s e s  t h e  

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

a l s o  g i v e n  t o  complement t h e  degree-day term o f t e n  used ( s e e  t h e  

f o l l o v i n g  s e c t i o n )  s i n c e  t h i s  i s  not  a l t o g e t h e r  c l e a r  and can  lead 

t o  misunders tand ing  when making b a s i c  c a l c u l a t i o n s  of a  b u i l d i n g  ' S  

energy demand. 

Reference  should  be made t o  t h e  handbooks g i v e n  i n  t h e  l i t e r a t u r e  

l i s t  f o r  more d e t a i l e d  in fo rmat ion  on c l i m a t e s  i n  d i f f e r e n t  c o u n t r i e s .  

Temperature c u r v e s  i n  t h i s  c h a p t e r  a r e  based on monthly mean v a l u e s  

which i n  t u r n  a r e  c a l c u l a t e d  from d i u r n a l  mean and d i u r n a l  extreme 

t empera tu res .  Wet bu lb  t empera tu res  a r e  c a l c u l a t e d  from t a b l e  v a l u e s  

of r e l a t i v e  humidi ty  a t  t h e  d i u r n a l  mean t empera tu re .  Graphs of 

windspeeds a r e  a l s o  based on monthly mean v a l u e s  c a l c u l a t e d  from 

h o u r l y  and d i u r n a l  mean v a l u e s .  In fo rmat ion  on monthly means of 

d i u r n a l  mean and extreme t e m p e r a t u r e s ,  wet b u l b  t empera tu res  and 

windspeeds h a s  been assembled from a  number of r e p r e s e n t a t i v e  s i t e s  

i n  c o u n t r i e s  a f f i l i a t e d  t o  t h e  A i r  I n f i l t r a t i o n  C e n t r e  ( s e e  F i g u r e  

A6.1) .  Comprehensive diagrams f o r  p l a c e s  shown i n  F i g u r e  A6.1 a r e  

g i v e n  i n  P a r t  B f o r  t h e  r e s p e c t i v e  c o u n t r y .  N a t u r a l l y ,  t h e  c l i m a t e  

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

a r e  cons ide red  t o  be r e p r e s e n t a t i v e ,  t h e r e  can  be s i g n i f i c a n t  l o c a l  

v a r i a t i o n s  w i t h  r e s p e c t  t o  wind and t empera tu re  c o n d i t i o n s  and t h u s  

t h e  fo l lowing  a r e  examples o f  t h e  d i f f e r e n t  c l i m a t e s  which can  o c c u r .  

I n  Uni ted  S t a t e s  it i s  p a r t i c u l a r l y  d i f f i c u l t  t o  f i n d  r e p r e s e n t a t i v e  

s i t e s  because  of t h e  s i z e  of  t h e  c o u n t r y .  Almost a l l  t y p e s  of  c l i m a t e  

a r e  t o  be found t h e r e  - from a r e a s  w i t h  c o l d  c l i m a t e s  and c o n s i d e r a b l e  

h e a t  demands i n  t h e  n o r t h e r n  p a r t s ,  t o  a r e a s  w i t h  ho t  c l i m a t e s  i n  t h e  

s o u t h  w i t h  a lmost  o n l y  c o o l i n g  demands. 

A comparison of t h e  t empera tu re  d i f f e r e n c e s  between Miami (United 

S t a t e s )  on t h e  25th  p a r a l l e l  and ~ u l e 3  (Sweden) on t h e  65 th  s e r v e s  t o  

i l l u s t r a t e  t h e  d i f f e r e n c e s  which must be c o n s i d e r e d  f o r  h e a t i n g  and 

c o o l i n g  demands i n  b u i l d i n g s  ( s e e  F i g u r e  A6.2). 

The s e a ' s  moderat ing e f f e c t  on a i r  t empera tu res  and bo th  d i u r n a l  and 

s e a s o n a l  v a r i a t i o n s  i s  apparen t  when comparing t h e  c l i m a t e  i n  



Figure A6. l a .  



Figure A6 . lb .  

Figure A6.la and 3 .  

Overvieu of pZaces ir, a )  European b )  Alorth American coun t r i e s  
connected t o  t h e  Air I n f i l t r a t i o n  Centre from where cZimatic data 
have been coZZected. 



MIAMI, Florida, United S t a t e s  LULEA, a e d e n  

l a t .  25'48 ' N  long.  80'26 'W l a t  . 65'33 ' N  Long. 22O08 'E 
e l e v a t i o n  2 m e l e v a t i o n  10 m 

temperature @C temperature 

e 
J F M A M J  J A S O N D  

- 20 0 
J F M A H J  J A S O N D  

Daily mean 
Annual ------- Range 

o o o o Wet bulb 

F i g l w e  A 6 . 2 .  Erample o f  tempgratixre d i f f e r e n c i . ~  between Miami, United 
Stated f l a t .  25 N )  and Luled, Sweden f Zat. 6 5 ° ~ ~ ) .  

Saskatoon,  Canada, and Den He lder ,  The Ne ther lands ,  f o r  example ( s e e  

F i g u r e  A 6 . 3 ) .  

F i g u r e  A 6 . 4  i l l u s t r a t e s  t empera tu res  f o r  f i v e  d i f f e r e n t  l o c a t i o n s  wi th  

approx imate ly  t h e  same annual  mean t empera tu re  b u t  w i t h  d i f f e r e n t  

y e a r l y  ampl i tudes  and monthly v a r i a t i o n s .  Such s i t e s  can  be found a t  

d i f f e r e n t  l a t i t u d e s  and i n  d i f f e r e n t  c o n t i n e n t s .  Temperature 

d i f f e r e n c e s  between summer and w i n t e r  v a r y  depending on d i s t a n c e  t o  

t h e  c o a s t ,  h e i g h t  above s e a  l e v e l ,  ocean c u r r e n t  t e m p e r a t u r e ,  e t c .  

Local  windspeeds v a r y  c o n s i d e r a b l y  depending on v e g e t a t i o n ,  b u i l d i n g s ,  

e t c .  The windspeed measured a l s o  v a r i e s  a t  d i f f e r e n t  h e i g h t s  above 

ground l e v e l .  Windspeeds a r e  normal ly  measured a t  a  h e i g h t  of 10 m 

above ground l e v e l  a t  m e t e o r o l o g i c a l  s t a t i o n s  t o  avo id  " d i s t u r b i n g "  

e f f e c t s  from b u i l d i n g s ,  v e t e g a t i o n ,  e t c .  Windspeeds which a f f e c t  low 

b u i l d i n g s  a r e ,  on  a v e r a g e ,  p robab ly  much l e s s  t h a n  t h e  windspeeds 

measured a t  t h e s e  s t a t i o n s .  



SASKATOON, Canuda 

Zat.  52'1 0 'N long. 1 0 6 ~ 4 1  ' W  
e l e v a t i o n  501 m 

O C  temperature 
40 - 
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DEN HELDER, Netherlands 
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Figure A6.3. Typical  i d a n d  c l ima te  o f  Saskatoor~, Carszda, compared 
s i t h  coastal. c l ima te  o f  3en iielder,  ~VetherZands. 30th 
c i t i e s  are  s i t ua ted  a t  la t ibdde  5 2 * ~ .  

Windspeeds a l s o  v a r y  a g r e a t  d e a l  w i t h  t i m e ,  o f t e n  q u i t e  i r r e g u l a r l y .  

The mean windspeed f o r  a  r e s p e c t i v e  month o f t e n  o n l y  g i v e s  a  rough 

assessment  of t h e  a c t u a l  wind c o n d i t i o n s  a t  t h e  s i t e .  F i g u r e  A6.5 

compares windspeeds a t  two r e l a t i v e l y  c l o s e  m e t e o r o l o g i c a l  s t a t i o n s ,  

De B i l t  and Den Helder i n  The Ne ther lands .  The d i s t a n c e  between t h e s e  

m e t e o r o l o g i c a l  s t a t i o n s  i s  abou t  100 km. De B i l t  i s  about 50 km from 

t h e  c o a s t  w h i l e  Den Helder i s  a c t u a l l y  on t h e  c o a s t .  The f i g u r e  shows 

t h a t  t h e  mean windspeed i s  a lmost  doub le  a s  much a t  t h e  c o a s t  

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

between t h e  s t a t i o n s .  

A i r  humidi ty  p l a y s  a  h i t h e r t o  almost  unknown r o l e  i n  a  b u i l d i n g ' s  

energy consumption.  I n  a r e a s  w i t h  c o n s i d e r a b l e  p r e c i p i t a t i o n  and 
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Figure A 6 . 5 .  Windspeeds from De B i l t  and Den HeZder i n  The Netherlands. 
The d i s tance  between t h e s e  s t a t i o n s  i s  approx. 100  
k i lometres .  

a l o n g  s e a  c o a s t s ,  t h e  humidi ty  i s  g r e a t e r  than  i n l a n d .  Areas w i t h  

p a r t i c u l a r l y  h igh  p r e c i p i t a t i o n  a r e  t h e  west c o a s t s  of t h e  Uni ted  

Kingdom and Canada, l a r g e  a r e a s  of  Swi tze r l and  and t h e  e a s t e r n  p a r t  of  

t h e  United S t a t e s .  F i g u r e  A 6 . 6  compares a i r  humidi ty  i n  Vancouver, 

Geneva and Albuquerque, where Vancouver and Geneva r e c e i v e  

c o n s i d e r a b l e  p r e c i p i t a t i o n  but  Albuquerque i s  i n  a  s e m i d e s e r t  a r e a  

i n  New Mexico, Uni ted  S t a t e s .  

A6.2 C a l c u l a t i n g  degree days (degree hours) 

I n  s imple  c a l c u l a t e d  e s t i m a t e s ,  a  b u i l d i n g ' s  energy requirement  i s  

assumed t o  be p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  i n  t empera tu re  between 

i n d o o r s  and o u t d o o r s .  The number o f  d e g r e e  days  o r  d e g r e e  hours  a r e  

used t o  c a l c u l a t e  t h e  annual  h e a t i n g  requ i rement .  Degree days  ( D D )  a r e  

u s u a l l y  c a l c u l a t e d  from t h e  fo l lowing  e q u a t i o n  

where t .  = t h e  assumed v a l u e  of t h e  indoor  t empera tu re  d u r i n g  t h e  
1 

h e a t i n g  season  

to E t h e  d i u r n a l  mean ou tdoor  t empera tu re  

n  - t h e  number o f  days  ( o r  h o u r s )  when h e a t i n g  i s  r e q u i r e d .  

As c a n  be s e e n  from t h e  above,  o n l y  indoor  and ou tdoor  t empera tu res  

a r e  cons ide red  when c a l c u l a t i n g  t h e  number of d e g r e e  d a y s .  Temperature 
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Figure A6 .6 .  Air humidity vaZues !or Vancouver (Cunada) , Geneva 
(Switzerland!  and AZbuqucrque (United S t a t e s )  expressed 
as wet buZb temperatures.  Wet bulb temperatures should 
be compared w i t h  thc  d a l l y  mean temperatureo. 



v a r i a t i o n s  between n i g h t  and day a r e  no t  normal ly  c o n s i d e r e d  when t h e  

d i u r n a l  mean t empera tu re  i s  used .  Ne i the r  a r e  i n s o l a t i o n ,  r a d i a t i o n ,  

wind p r e c i p i t a t i o n ,  e t c . ,  cons ide red  d e s p i t e  t h e  f a c t  t h a t  t h e s e  

f a c t o r s  cannot  be d i s r e g a r d e d  when c o n s i d e r i n g  a  b u i l d i n g ' s  energy 

requ i rement .  For t h e s e  r e a s o n s ,  t h e  number of  degree  days  can on ly  be 

used f o r  an  approximate  c a l c u l a t i o n  of a  b u i l d i n g ' s  h e a t  r equ i rement .  

When c a l c u l a t i n g  energy requ i rements  i n  low-energy b u i l d i n g s ,  t h e  

u n q u a l i f i e d  use  of degree  days  i s  n o t  p o s s i b l e .  

When c a l c u l a t i n g  degree  d a y s ,  d i f f e r e n t  r u l e s  a r e  a p p l i e d  i n  

d i f f e r e n t  c o u n t r i e s  t o  c o n s i d e r  f a c t o r s  i n  a d d i t i o n  t o  t empera tu re  

such a s  i n c i d e n t a l  h e a t  g a i n s  from p e r s o n s ,  domest ic  equipment,  e t c .  

The c h o i c e  of  indoor  t empera tu re  and t h e  d u r a t i o n  of t h e  h e a t i n g  

season a r e  t h e  pr imary f a c t o r s  which v a r y .  A summary of  t h e s e  v a l u e s  

and l i m i t s  i s  g iven  f o r  d i f f e r e n t  c o u n t r i e s  i n  Table  A6.1. The t a b l e  

shows c l e a r l y  t h e  c o n s i d e r a b l e  d i f f e r e n c e s  i n  methods of  c a l c u l a t i o n  

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

i s  a  requirement  f o r  h e a t  when t h e r e  i s  a  r e l a t i v e l y  l a r g e  d i f f e r e n c e  

between indoor  and ou tdoor  t e m p e r a t u r e s .  

Table k6 .1 .  BomalZy used tcmperaturec for calcuZating heat ing 
degree days ,in d i f f e r e n t  c o u n t r i e ~ .  The indoor desip 
tempera Lures ure t h e  expected normal indoor temperatures.  

Country Indoor d e s i g n  t i  L i m i t  below which Comments 
t empera tu re  h e a t i n g  i s  needed 

Canada 21.1 18 18 

Ke ther lands  20 18 1 5 . 5  

Sweden 

2 0 See NS 3031 
Tab le  1 

12 /10  S t a r t  h e a t i n g  
season lend  
h e a t i n g  season  

Swi tze r l and  20 20 12 

United Kingdom 1 8 . 3  1 5 . 5  1 5 . 5  S p e c i a l  way of 
coun t ing  when 

to  
<15 .50<to  

min m m  

United S t a t e s  20 1 8 . 3  18 .3  
( 6S°F) ( 6 5 ' ~ )  



I n  c e r t a i n  c o u n t r i e s  (Uni ted  S t a t e s ,  Canada, u n i t e d  Kingdom and 

Norway), degree  days  are c a l c u l a t e d  f o r  a l l  d i u r n a l  mean t e m p e r a t u r e s  

lower than  t i . e .  i t  i s  assumed t h a t  h e a t i n g  i s  used as soon a s  t h e  i ' 
outdoor  t empera tu re  goes below t h e  indoor  t empera tu re .  Other  c o u n t r i e s  

have a  lower h e a t i n g  l i m i t  and t h i s  a l s o  v a r i e s  between c o u n t r i e s  

and w i t h  t h e  t ime of y e a r  i n  Sweden and Denmark. T h i s  i s  because  

i n s o l a t i o n  i s  g r e a t e r  d u r i n g  t h e  s p r i n g  than  autumn. The h e a t i n g  

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

United Kingdom, t h e  number of degree  days  i s  c o r r e c t e d  i n  a  s p e c i a l  
0 

way i f  t h e  ou tdoor  t empera tu re  exceeds  15.5  C d u r i n g  a  d i u r n a l  p e r i o d ,  

i . e .  i f  tomin <15.5<tOmax. 

S ince  t h e r e  i s  no i n t e r n a t i o n a l  s t a n d a r d  f o r  degree  day c a l c u l a t i o n ,  

degree  day v a l u e s  from d i f f e r e n t  c o u n t r i e s  cannot  be compared 

d i r e c t l y  wi thou t  f i r s t  hav ing  been c o n v e r t e d .  

0 
Conversion of d e g r e e  days  i n  C t o  O F  f o r  t h e  same base  t empera tu re  

i s  q u i t e  e a s y  i f  t h e  f o l l o w i n g  e q u a t i o n  i s  used 

To be  a b l e  t o  compare d e g r e e  days  a t  d i f f e r e n t  base  t empera tu res  

( h e a t i n g  l i m i t s )  i t  i s  necessa ry  t o  go back t o  t h e  monthly mean 

v a l u e s  o r  t h e  monthly extreme v a l u e s  i n  o r d e r  t o  avo id  e x c e s s i v e  

d e v i a t i o n s  i n  c a l c u l a t i o n s .  Such v a l u e s  can  be i n t e r p r e t e d  from 

diagrams i n  t h e  p r e v i o u s  s e c t i o n  f o r  a  number of towns i n  Europe and 

North America. A rough comparison can be made f o r  o p t i o n a l  

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

t h e  d i f f e r e n t  v a l u e s  p o s s i b l e  from app ly ing  d i f f e r e n t  methods f o r  

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

As can  be seen  from t h e  above,  it i s  obvious  t h a t  d e g r e e  day 

in fo rmat ion  from d i f f e r e n t  c o u n t r i e s  cannot  be used f o r  compara t ive  

c a l c u l a t i o n s  of a  b u i l d i n g ' s  h e a t  r equ i rement .  The more a c c u r a t e  t h e  

d a t a  r e q u i r e d ,  t h e  more necessa ry  i t  i s  t o  use  a c t u a l  b a s i c  d a t a  f o r  

t h e  d i f f e r e n t  c l i m a t e  f a c t o r s  which a f f e c t  t h e  r e s u l t .  As was s a i d  

e a r l i e r ,  when c a l c u l a t i n g  h e a t i n g  requ i rements  f o r  low-energy houses  

i n  p a r t i c u l a r ,  g r e a t e r  c o n s i d e r a t i o n  of t h e  c l i m a t e ' s  e f f e c t  and 

i n c i d e n t a l  h e a t  g a i n s  must be made i n  a d d i t i o n  t o  what i s  inc luded  

i n  t h e  degree  d a y  term.  
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A 7 CALCULATION METHODS 

A7.1 Air infiltration 

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

and u n d e s i r e d  v e n t i l a t i o n  i n  b u i l d i n g s .  One i s  t o  e n a b l e  r o u t i n e  

c a l c u l a t i o n s  o f  a h o u s e ' s  t o t a l  e n e r g y  consumpt ion  and t h u s  d e s i g n  t h e  

h e a t i n g  i n s t a l l a t i o n s .  Another  r e a s o n  i s  t o  e v a l u a t e  t h e  e f f e c t s  of 

d i f f e r e n t  t y p e s  of c o n s t r u c t i o n  o n  e n e r g y  consumpt ion  and i n d o o r  

c l i m a t e .  

S i n c e  e n e r g y  consumpt ion  f o r  u n d e s i r e d  v e n t i l a t i o n  i s  n o t  no rma l ly  

someth ing  which c a n  be  d i s r e g a r d e d  i n  t h e  c o n t e x t  o f  a  b u i l d i n g ' s  

e n e r g y  l o s s e s ,  t h e  d r i v i n g  f o r c e s  beh ind  a i r  l e a k a g e  and t h e i r  

e f f e c t s  mus t  b e  i n v e s t i g a t e d .  

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

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

of house  d e s i g n  and l o c a t i o n  must  a l s o  b e  t a k e n  i n t o  a c c o u n t .  

Weather c a n  c a u s e  a i r  i n f i l t r a t i o n  by two s e p a r a t e  p h y s i c a l  mechanisms,  

wind and t empera tu re - induced  c o n v e c t i o n  ( s t a c k  e f f e c t ) .  U n f o r t u n a t e l y ,  

t h e s e  mechanisms do n o t  a c t  i n d e p e n d e n t l y ;  i . e .  t h e  e f f e c t s  c a n n o t  

s i m p l y  be  summed. The o n l y  s t a t e m e n t  t h a t  i s  g e n e r a l l y  v a l i d  i s  t h a t  

t h e  sum of t h e  s e p a r a t e  e f f e c t s  i s  g r e a t e r  t h a n  t h e  a c t u a l  combined 

e f f e c t .  The d r i v i n g  f o r c e  beh ind  a i r  l e a k a g e  i n  b u i l d i n g s  i s  t h e  

i n s i d e - o u t s i d e  p r e s s u r e  d i f f e r e n c e  c a u s e d  by t h e s e  mechanisms.  

Wind e f f e c t s ,  i . e .  t h e  mean wind speed  o v e r  and a round  a  b u i l d i n g ,  

c a u s e  a  p r e s s u r e  d i f f e r e n c e  be tween i n s i d e  and o u t s i d e .  T h i s  wind 

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

F o r  e v e r y  p o i n t  t h e  p r e s s u r e  caused  by wind f o r c e s  on  a b u i l d i n g  c a n  

be  e x p r e s s e d  a s  

1 9 

P  - Pref  + - P v  2 
L C ( p a l  
r e f  p 

where p  - s u r f a c e  s t a t i c  p r e s s u r e  (Pa)  

P r e f  = r e f e r e n c e  s t a t i c  p r e s s u r e  ( P a l  

C = s t a t i c  p r e s s u r e  c o e f f i c i e n t  
P 



3 
p - d e n s i t y  of a i r  (kg/m ) ( s e e  T a b l e  A7.1) 

v  = wind v e l o c i t y  measured a t  a  h e i g h t  equa l  t o  t h a t  of 
ref t h e  b u i l d i n g  (1x11s). 

The wind d i r e c t i o n  can  be a n  impor tan t  f a c t o r ,  when c a l c u l a t i n g  a i r  

i n f i l t r a t i o n  i n t o  a b u i l d i n g .  A wind approaching p e r p e n d i c u l a r  t o  t h e  

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

h i g h e s t  l eakage .  

The mean wind speed v a r i e s  w i t h  h e i g h t ,  and t h e  v e r t i c a l  p r o f i l e s  of 

wind v e l o c i t y  v a r y  w i t h  t h e  roughness  of t e r r a i n .  Local topograph ica l  

f e a t u r e s  such a s  h i l l s  and v a l l e y s  can g r e a t l y  i n f l u e n c e  wind p r o f i l e s .  

Temperature d i f f e r e n c e s  between i n s i d e  and o u t s i d e  cause  d i f f e r e n c e s  

i n  a i r  d e n s i t y  ( s e e  Tab le  A7.1). Th i s  l e a d s  t o  p r e s s u r e  d i f f e r e n c e s  

and c a n  be  expressed a s  

3 
where p - a i r  d e n s i t y  ( o  = o u t s i d e ,  i = i n s i d e )  (kg/m ) 

g  - g r a v i t a t i o n a l  a c c e l e r a t i o n  
2 

(m/s 1 

h  = h e i g h t  between i n l e t  and o u t l e t  openings  (m). 

Table A 7 .  I .  Var ia t ions  i n  a i r  dens i t y  due t o  d i f f e r e n c e s  i n  
temperature and r e l a t i v e  humidity a t  normal atmospheric 
pressure ( 1  01 325 Pa) . 

-- 

Temperature R e l a t i v e  humidi ty  
0 

C 0  % 50 % 100 % 

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

b u i l d i n g  envelope,  t h i s  p r e s s u r e  d i f f e r e n c e  must be added t o  t h e  

above-named p r e s s u r e  d i f f e r e n c e s .  



Since  t h e  r e l a t i o n s h i p  between t h e  l eakage  f l o w  and t h e  p r e s s u r e  

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

d i f f e r e n c e s  from t h e  d i f f e r e n t  d r i v i n g  f o r c e s  must be  added b e f o r e  

t h e  l eakage  f low a t  a  p a r t i c u l a r  p o i n t  c a n  b e  c a l c u l a t e d  ( l ) ,  s e e  

F i g u r e  A7 . l .  

Leakage flow, q 

Figure A 7 . 1 .  

Limit ing cond i t i ons  
for tAe leakage curoe 
betueen 0 and 55 Pa if 
t he  flow at 50 Pa i s  
known. 

Pressure difference. A p  { ~ f t e r  NyZund ( I ) . )  

The p r e s s u r e  d i f f e r e n c e  due t o  t h e  combined e f f e c t s  of wind and s t a c k  

a c t i o n  i s  not  easy  t o  de te rmine .  The r e s u l t i n g  i n t e r i o r  p r e s s u r e  i s  

based on t h e  f a c t  t h a t  t h e  average  a i r  f l o w  i n t o  and ou t  of t h e  

b u i l d i n g  must be  e q u a l .  To perform such a c a l c u l a t i o n ,  t h e  p r e s s u r e  

d i f f e r e n c e  and i t s  d i s t r i b u t i o n  over  t h e  b u i l d i n g  enve lope  a s  w e l l  a s  

t h e  o v e r a l l  l e a k i n e s s  must be known. Often t h e s e  d a t a  a r e  a v a i l a b l e  

f o r  g e n e r a l  b u i l d i n g  shapes ,  which a r e  comple te ly  exposed t o  t h e  

wind, r a t h e r  t h a n  t h e  a c t u a l  b u i l d i n g .  

The a i r  f low th rough  any kind of  opening can  be  expressed  a s  a  

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

where q  - volume f l o w  r a t e  o f  a i r  ( m 3 / d  

C = a i r  f low c o e f f i c i e n t ,  d e f i n e d  as  t h e  volume f low 
ra te  of a i r  a t  a  p r e s s u r e  d i f f e r e n c e  of  l Pa 
(m3/s a t  1 Pa) 

Ap - p r e s s u r e  d i f f e r e n c e  a c r o s s  t h e  opening (Pa)  

B - f l o w  exponent ,  depending on t h e  c h a r a c t e r  of  t h e  f low 
1 /2<B<1 - - 

B = 1 / 2  f o r  pure  t u r b u l e n t  f l o w  

f3 - 1 f o r  pure  l aminar  f low.  



T h i s  e m p i r i c a l  e q u a t i o n  h a s  been used f o r  f l o w  th rough  open ings  w i t h  

p r e s s u r e  d i f f e r e n c e s  i n  t h e  range  o f  1 t o  100 Pa ( 2 ) .  However, it 

should  be  no ted  t h a t  t h e  e q u a t i o n  i s  n o t  d i m e n s i o n a l l y  homogeneous, 

and i t  h a s  been argued t h a t  a  q u a d r a t i c  form of  e q u a t i o n  i s  p r e f e r a b l e  

( 3 ) .  For e q u i l i b r i u m ,  t h e  inward f l o w  must equa l  t h e  outward f low.  

The f l o w  b a l a n c e  e q u a t i o n  could b e  c a l c u l a t e d  a s  

' in - qout  

o r  i f  mechanical  v e n t i l a t i o n  i s  s e p a r a t e d  

where qin + qS, = f low of  incoming a i r  by means of i n f i l t r a t i o n  
and supp ly  v e n t i l a t i o n  

qout  + qev = f low of  ou tgo ing  a i r  th rough  e x f i l t r a t i o n  and 
exhaus t  v e n t i l a t i o n .  

When t h e r e  a r e  b i g  d i f f e r e n c e s  between indoor  and ou tdoor  t e m p e r a t u r e s ,  

T .  and T t h e  incoming f low could  be m u l t i p l i e d  by a  f a c t o r  Ti/Te t o  
1 e '  

compensate f o r  changes i n  volume. The e q u a t i o n s  mentioned s o  f a r  can 

be c o n s i d e r e d  fundamental  p h y s i c a l  e q u a t i o n s .  Values of t h e  

c o n s t i t u e n t  pa ramete r s  a r e  r e q u i r e d  t o  s o l v e  them. The d i f f i c u l t y  

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

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

c a l c u l a t i n g  a i r  l eakage .  

MODELS APPLIED TO FIELD DATA TO INTERPRET 

A I R  INFILTRATION ROLES 

The a b i l i t y  t o  u t i l i z e  models t h a t  d e s c r i b e  a i r  i n f i l t r a t i o n  d r i v i n g  

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

c u r r e n t  r e s e a r c h  and a t a s k o f  t h e  A i r  I n f i l t r a t i o n  C e n t r e .  F a c t o r s  

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

l o c a t i o n  o f  open ings ,  i n t e r n a l  f low r e s i s t a n c e  c e r t a i n l y  compl ica te  

t h i s  p r o c e s s .  

A number of  a i r  i n f i l t r a t i o n  models based on t h e  t h e o r y  o u t l i n e d  i n  

Equat ions  A7.1 t o  A7.5 have been developed.  These range  from 

r e l a t i v e l y  s imple  " s i n g l e - c e l l "  models i n  which t h e  i n t e r i o r  of  t h e  



b u i l d i n g  i s  assumed t o  be a t  a  s i n g l e  uniform p r e s s u r e  ( 1 ,  4-91, t o  

" m u l t i - c e l l "  approaches  i n  which t h e  i n t e r i o r  i s  p a r t i t i o n e d  i n t o  

a r e a s  of equal  p r e s s u r e s  i n t e r c o n n e c t e d  by f low p a t h s  ( 2 ,  10-15). 

The t y p e  of  model s e l e c t e d  w i l l  depend v e r y  much on t h e  purpose  f o r  

which it i s  r e q u i r e d .  " S i n g l e - c e l l "  models may be used t o  p r e d i c t  

whole house a i r  change r a t e s  and a r e  t h e r e f o r e  u s e f u l  i n  energy 

c a l c u l a t i o n s .  However, they  g i v e  no i n d i c a t i o n  of  a i r  movement 

w i t h i n  a  b u i l d i n g  and canno t  be used i f  i n t e r n a l  p a r t i t i o n i n g  r e s u l t s  

i n  any s i g n i f i c a n t  r e s i s t a n c e  t o  a i r  f low.  "Mul t i - ce l l "  models 

overcome t h e s e  l i m i t a t i o n s  and,  because  they  can be  used t o  p r e d i c t  

i n t e r n a l  a i r  movement, a r e  a n  i n v a l u a b l e  a i d  t o  indoor  a i r  q u a l i t y  

s t u d i e s .  T h e i r  main d i s a d v a n t a g e s  a r e  t h a t  they  r e q u i r e  a  s u b s t a n t i a l  

amount of  d a t a  t o  d e s c r i b e  t h e  i n t e r n a l  f low network and t h a t  a  

s i g n i f i c a n t  amount of computa t iona l  e f f o r t  i s  o f t e n  n e c e s s a r y .  These 

d i s a d v a n t a g e s  may be minimized by c a r e f u l l y  t a i l o r i n g  t h e  s i z e  of  t h e  

f low network t o  s u i t  t h e  problem t o  be  s o l v e d .  

For  a l l  models,  i t  i s  n e c e s s a r y  t o  d e f i n e  t h e  a i r  l eakage  p a t h s  a c r o s s  

t h e  b u i l d i n g  enve lope .  Depending on t h e  l e v e l  of  d e t a i l  r e q u i r e d ,  

t h e s e  p a t h s  may r e p r e s e n t  i n d i v i d u a l  l eakage  components o r  a  

combinat ion of components. For each p a t h ,  t h e  f l o w  c o e f f i c i e n t  C and 

t h e  f low exponent B must be s p e c i f i e d ,  a s  must t h e  s u r f a c e  p r e s s u r e .  

Where t h e  q u a d r a t i c  f o r m u l a t i o n  of Equat ion A7.3 i s  used ( 1 5 ) ,  t h e  

l aminar  and t u r b u l e n t  components of f low f o r  each p a t h  must be g i v e n .  

The c a l c u l a t i o n  of  s u r f a c e  p r e s s u r e  i s  based on t h e  wind and s t a c k  

Equa t ions  A7.1 and A 7 . 2 .  The e s t i m a t i o n  o f  wind p r e s s u r e  p r e s e n t s  

p a r t i c u l a r  problems because  i t  i s  d i f f i c u l t  t o  s p e c i f y  a p p r o p r i a t e  

s t a t i c  wind p r e s s u r e  c o e f f i c i e n t s .  These c o e f f i c i e n t s  a r e  commonly 

based on t h e  r e s u l t s  of wind tunne l  t e s t s  made on models of i s o l a t e d  

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

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

o b s t r u c t i o n s .  

There  a r e  s e v e r a l  ways i n  which t h e  f l o w  c o e f f i c i e n t  C and t h e  f low 

exponent B may be de te rmined .  For example, they may b e  o b t a i n e d  

d i r e c t l y  from l e a k a g e  t e s t s  made on i n d i v i d u a l  components o r  may be 

based on pub l i shed  v a l u e s  such a s  t h o s e  g iven  i n  t h e  ASHIlAE 

Fundamentals ( 1 6 ) .  A l t e r n a t i v e l y ,  i t  i s  p o s s i b l e  t o  u t i l i z e  t h e  

l e a k a g e  c h a r a c t e r i s t i c s  determined from "whole b u i l d i n g "  p r e s s u r i z a t i o n  



t e s t s .  I n  t h i s  i n s t a n c e ,  t h e  d i s t r i b u t i o n  of  l eakage  i s  based on t h e  

l eakage  a r e a  o r  c r a c k  l e n g t h  r e p r e s e n t e d  by each l eakage  p a t h .  T h i s  

method h a s  been used by Sherman & Grimsrud ( 5 )  and Warren & Webb ( 6 )  

as  a  means t o  c o r r e l a t e  t h e  r e s u l t s  of b u i l d i n g  p r e s s u r i z a t i o n  t e s t s  

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

Once t h e  s u r f a c e  p r e s s u r e s  and f low paramete r s  have been e s t a b l i s h e d ,  

a  s e r i e s  of f low e q u a t i o n s  a r e  developed w i t h  unknowns i n  a i r  f low and 

i n t e r n a l  p r e s s u r e .  These e q u a t i o n s  a r e  so lved  by combining them w i t h  

t h e  f low ba lance  Equa t ions  A7.4 and A7.5. A t  t h i s  s t a g e ,  i t  i s  

p o s s i b l e  t o  i n c o r p o r a t e  t h e  e f f e c t s  of purpose-provided openings  and 

chimneys by i n c o r p o r a t i n g  s u i t a b l e  o r i f i c e  f low o r  d u c t  f low e q u a t i o n s .  

The e f f e c t  of mechanical  v e n t i l a t i o n  systems may s i m i l a r l y  be 

ana lysed  by s p e c i f y i n g  a p p r o p r i a t e  a i r  f low o r  f a n  c h a r a c t e r i s t i c s .  

As t h e r e  i s  o n l y  one i n t e r n a l  p r e s s u r e  t o  de te rmine  i n  " s i n g l e - c e l l "  

models,  i t  i s  normal ly  p o s s i b l e  t o  s o l v e  t h e  f low e q u a t i o n s  d i r e c t l y .  

Nylund ( 1 )  u s e s  a g r a p h i c a l  method of  s o l u t i o n  i n  which f a m i l i e s  of 

c u r v e s  a r e  genera ted  a s  s o l u t i o n s  t o  i n d i v i d u a l  houses ,  c o n s t r u c t e d  

t o  v a r y i n g  d e g r e e s  of  t i g h t n e s s  and having a  v a r i e t y  of  v e n t i l a t i o n  

sys tems.  

The much i n c r e a s e d  s c a l e  of  complexi ty  of "mul t i - ce l l "  models p r e v e n t s  

t h e  u s e  of  d i r e c t  methods of s o l u t i o n .  I n  t h e s e  i n s t a n c e s ,  numerical  

methods i n v o l v i n g  i t e r a t i v e  t echn iques  a r e  used .  

The theory  p r e s e n t e d  above assumes quas i - s t eady  f low and t h e r e f o r e  

t h e  i n f l u e n c e  o f  t u r b u l e n t  f l u c t u a t i o n s  on a i r  i n f i l t r a t i o n  i s  

i g n o r e d .  The r e s u l t s  of  Grimsrud e t  a l .  (17)  and P o t t e r  (18)  show 

t h a t  under c e r t a i n  c i rcumstances  t h i s  mechanism i s  s i g n i f i c a n t .  

E t h e r i d g e  & Alexander (15)  o u t l i n e s  a  method t o  overcome t h i s  problem. 

Using d a t a  on l e a k i n e s s  provided by t h e  p r e s s u r i z a t i o n  method one 

can a t t a c k  t h e  problem of comparing l e a k i n e s s  from one house t o  t h e  

n e x t .  Kronval l  (19,  20) a t t empted  t o  make such comparisons f o r  a  

number of Swedish houses  u s i n g  t h e  parameter  q/A ( f  l o w / s u r f a c e  a r e a )  

and t h e n  d e r i v e d  a  r e l a t i o n s h i p  between ~ r e s s u r i z a t i o n  t e s t s  and 

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

t h e  h igh  degree  of  s i m i l a r i t y  of  newer Swedish homes a s  compared t o  

t h o s e  encountered i n  t h e  Uni ted  S t a t e s .  For example, i t  i s  important  

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

and how zones cormnunicate. 



CRACK AND LEAKAGE BEHAVIOUR 

The so -ca l l ed  "crack method" has  been used a s  one means o f  e s t i m a t i n g  

a i r  i n f i l t r a t i o n  r a t e s .  The method emphasizes l eakage  r a t e s  

a s s o c i a t e d  w i t h  windows and d o o r s  which c o n s t i t u t e  a  minor f r a c t i o n  

of t h e  o v e r a l l  l e a k i n e s s  i n  many i n s t a n c e s .  Fur thermore ,  windows 

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

and c e i l i n g  a r e  of  e q u a l  a i r  t i g h t n e s s ,  be n e a r  t h e  n e u t r a l  zone 

the reby  having l e s s  r e l a t i v e  i n f l u e n c e  t h a n  a c e i l i n g  l e a k ,  e . g .  

around a  l i g h t  f i x t u r e  o r  a t t i c  t r a p  d o o r .  

An improvement t o  t h i s  approach i s  a  c a t a l o g u e  o f  l eakage  s i t e s ,  

p r o p e r l y  weighted a s  t o  importance ,  s o  t h a t  by a p p r o p r i a t e  a d d i t i o n  

of e f f e c t i v e  l eakage  a r e a s  t h e  o v e r a l l  l eakage  r a t e  could  be 

e s t i m a t e d .  The we igh t ing  p r o c e s s ,  t o  be a c c u r a t e ,  would have t o  t a k e  

i n t o  account  l o c a l  d r i v i n g  f o r c e s  and l e a k  l o c a t i o n  f a c t o r s .  Such 

c a t a l o g u e s  a r e  c u r r e n t l y  being assembled,  making use  o f  i n f o r m a t i o n  

such a s  t h a t  shown i n  T a b l e s  A 7 . 2  and A 7 . 3  (21) .  The p r e s s u r i z a t i o n  

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

Table A7.2. Infiltration test results, example f r ~ m  literature. 

L o c a t i o n  of l e a k  Leakage p e r  i tem Number o f  u n i t s  Average v a l u e  f o r  165 m2 home 

Tocal  l e a k a g e  P e r  cent Cumulative 

m3/h of t o t a l  

S o l e p l a t e  

E l e c t r i c a l  wa l l  
o u t l e t e  

A / C  d u c t  sys t ems  

L x t c r i o r  window 

F i r e p l a c e  

Range v e n t  

Receseed @pot  l l g h c  

E x t e r i o r  door  

Dryer  ven t  

S l i d i n g  g l a s s  door  

Bath v e n t  

O the r  

-- .. 

2 0 . 2 / l n  m c r a c k  

1 3 . 6 l o u t l e t  

587 / rya t em 

39.5/window 

2 3 9 l f i r e p l a c e  

226 l r ange  v e n t  

5 6 1 l i g h t  

66.71door 

1 2 2 l d r y e r  v e n t  

741door 

5 6 / b a t h  v e n t  

p- 

53 I n  m c r a c k  

65 o u t l e t s  

1 ryotam 

1 3  windows 

1 f i r e p l a c e  

I r ange  v e n t  

4 l i g h t s  

4  d o o r s  

1  d r y e r  v e n t  

1 d o o r  

1 b a t h  v e n t  



Table A7.3. Leakage r a t e s  of t y p i c a l  houses in Canada. 

House t y p e / e x t e r i o r  T o t a l  l e a k a g e  P e r c e n t a g e  l o s t  
f i n i s h  of house in m3/h a t  C e i l i n g  Outer  wal l s  Doors/windows 

Ap = 70 Pa 

One s t o r e y  s t u c c o  11 60 6  5 1 6  2  0  

One s t o r e y  s t u c c o  1100 57 2 1 2 2 

One s t o r e y  b r i c k  2410 16 65 19 

One s t o r e y  b r i c k  26 20 34 4 2  24 

Two s t o r e y  b r i c k  2170 8 7 7  15  

Two s t o r e y  b r i c k  2240  11 6  6  2  3 

Sowee : Tamura ( 2 3 ) .  

A 7 . 2  Heat  t r a n s f e r  

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

t ime  a s  a  r e s u l t  of d i f f e r i n g  c l i m a t i c  c o n d i t i o n s .  C e r t a i n  components 

of t h e  h e a t  t r a n s p o r t  a l s o  t a k e  p l a c e  i n  d i r e c t i o n s  o t h e r  than  a t  

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

p a r t i c u l a r l y  a t  c o r n e r s  and j o i n t s .  

I n  r o u t i n e  t r a n s m i s s i o n  c a l c u l a t i o n s ,  s t a t i o n a r y  s t a t e s  and h e a t  

t r a n s p o r t  i n  one dimension a t  r i g h t  a n g l e s  t o  t h e  s t r u c t u r e  a r e  

assumed . 

The h e a t  t r a n s f e r  a b i l i t y  of a  m a t e r i a l  v a r i e s  accord ing  t o  

t empera tu re  d i f f e r e n c e  and m o i s t u r e  c o n t e n t  of t h e  m a t e r i a l .  TO be 

a b l e  t o  compare d i f f e r e n t  m a t e r i a l s '  h e a t  t r a n s f e r  a b i l i t y ,  a  

m a t e r i a l  c o n s t a n t ,  A-value (k-value i n  t h e  United Kingdom), i s  

d e f i n e d  a s  t h e  q u a n t i t y  of h e a t  p e r  u n i t  of  t ime which p a s s e s  th rough  

a  square  m e t r e  of t h e  m a t e r i a l  which i s  1 met re  t h i c k  and when t h e  
0 

t empera tu re  d i f f e r e n c e  i s  1 C .  The S1 u n i t  i s  W/m K. 

0 
T h i s  v a l u e  i s  measured a t  OOC on one s i d e  and +20 C on t h e  o t h e r  s i d e  

under d r y  c o n d i t i o n s .  I n  Sweden, t h e  Na t iona l  Swedish Board of 

P h y s i c a l  P lann ing  and Bui ld ing  has  pub l i shed  v a l u e s  f o r  d i f f e r e n t  

b u i l d i n g  m a t e r i a l  f o r  p r a c t i c a l  a p p l i c a t i o n .  These v a l u e s  have been 

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

mind t h e  normal m o i s t u r e  c o n t e n t  when m a t e r i a l  i s  enclosed i n  a  

s t r u c t u r e  and t o  a l l o w  f o r  normal shor tcomings  i n  c o n s t r u c t i o n  work. 



A cor respond ing  p rocedure  i s  a p p l i e d  i n  a  number of c o u n t r i e s  though 

assessments  a s  t o  t h e  amount t o  be added t o  l a b o r a t o r y  v a l u e s  d i f f e r  

somewhat. 

A s t r u c t u r e  o f t e n  comprises  s e v e r a l  l a y e r s .  A h e a t  t r a n s f e r  

c o e f f i c i e n t ,  k-value (U-value i n  t h e  United Kingdom and t h e  United 

S t a t e s )  h a s  been in t roduced  t o  d e s c r i b e  a s t r u c t u r e ' s  h e a t  t r a n s f e r  

p r o p e r t i e s .  T h i s  i s  d e f i n e d  a s  t h e  q u a n t i t y  of h e a t  which p a s s e s  

through 1 square  met re  o f  a s t r u c t u r e  when t h e  t empera tu re  d i f f e r e n c e  

i s  l0c. 

2 
The S1 u n i t  i s  W/(m K), i . e .  t h e  k-value can be w r i t t e n  

where q  = h e a t  f low (w/rnL) 

t i  = t empera tu re  of  warm s i d e  ('C) 

to  = t empera tu re  of  c o l d  s i d e  (OC). 

I f  room and outdoor  t empera tu res  r e s p e c t i v e l y  a r e  used ,  t h e  k-value 

a l s o  i n c l u d e s  t h e  thermal  r e s i s t a n c e s  of  t h e  s u r f a c e s .  Thermal 

r e s i s t a n c e  v a l u e s  v a r y  accord ing  t o  s t r u c t u r e  and p o s i t i o n .  D i f f e r e n t  

manuals g i v e  d i f f e r e n t  v a l u e s .  

To de te rmine  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  of a  s t r u c t u r e  compris ing 

s e v e r a l  l a y e r s ,  t h e  thermal  r e s i s t a n c e s  of t h e  d i f f e r e n t  l a y e r s  a r e  

added.  

The thermal r e s i s t a n c e  of a  l a y e r  of homogeneous m a t e r i a l  i s  

c a l c u l a t e d  from 

where m = thermal  r e s i s t a n c e  of l a y e r  {(m2 K)/W} 

d - l a y e r  t h i c k n e s s  (m) 

h = p r a c t i c a l  v a l u e  of h e a t  t r a n s f e r  c o e f f i c i e n t  {W/(m K)} 

The t o t a l  thermal  r e s i s t a n c e  of a  s t r u c t u r e  c a n  t h u s  be w r i t t e n  



where m m 2 ,  m) ,  e t c .  a r e  t h e  components r e s i s t a n c e s  of  t h e  

s t r u c t u r e .  

The i n s i d e  and o u t s i d e  s u r f a c e  r e s i s t a n c e s  a r e  inc luded  i n  M 
t o t  ' 

Equat ion A7.7  i s  a p p l i e d  when c a l c u l a t i n g  t h e  thermal  r e s i s t a n c e  of  

homogeneous m a t e r i a l .  When c a l c u l a t i n g  t h e  thermal  r e s i s t a n c e  o f  a i r  

g a p s ,  e . g .  i n  windows, s p e c i a l  c o n s i d e r a t i o n  must be made of h e a t  

t r a n s p o r t  through convec t ion  and r a d i a t i o n .  There  a r e  s p e c i a l  

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

THERMAL BRIDGES 

Where a  l a y e r  w i t h i n  a s t r u c t u r e  i s  b r idged  by components of v a r y i n g  

thermal  r e s i s t a n c e ,  t h e  a v e r a g e  thermal  r e s i s t a n c e  may be 

approximated by 

where pl and p  a r e  t h e  p r o p o r t i o n a l  a r e a  of  each component of t h e  2 
l a y e r  and m and m a r e  t h e  thermal  r e s i s t a n c e s  of t h e  cor respond ing  1 2 
components. T h i s  approximat ion i s  on ly  v a l i d  when t h e  h i g h e s t  v a l u e  

of thermal  r e s i s t a n c e  i s  no more t h a n  f o u r  t imes  t h e  l o w e s t .  

T h i s  c o r r e c t i o n ,  g i v i n g  a  k-value which i s  a  l i t t l e  t o o  h igh ,  i s  

normal ly  used i n  Scand inav ia  t o  c a l c u l a t e  t h e  e f f e c t  of  t imber 

frames i n  m i n e r a l  wool i n s u l a t i o n .  T h i s  i s  n o t  t h e  c a s e  i n  t h e  

Uni ted  S t a t e s  and Canada. 

There  a r e  s p e c i a l  c a l c u l a t i o n  methods f o r  c a l c u l a t i n g  energy l o s s e s  

due  t o  co ld  b r i d g e s  i n  c o n s t r u c t i o n  j o i n t s  f o r  example. These o f t e n  

assume t h e  u s e  of a  computer.  The b e t t e r  a  low-energy house i s  b u i l t ,  

t h e  more important  i t  i s  t o  c o n s i d e r  t h e  e f f e c t  of co ld  b r i d g e s  on 

h e a t  t r a n s p o r t .  



CALCULATIONS I N  DIFFERENT COUNTRIES 

The p r i n c i p l e s  and b a s i s  f o r  c a l c u l a t i n g  a  s t r u c t u r e ' s  t h e r m a l  

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

c o u n t r i e s .  Canada s p e c i f i e s  i t s  s t r u c t u r e s  i n  t e r m s  o f  R-values 

( M t o t  
i n  t h e  p r e c e d i n g  t e x t )  c a l c u l a t e d  a c c o r d i n g  t o  t h e  b e s t  s e c t i o n .  

0 
R-va lues  a r e  o f t e n  q u o t e d  i n  i m p e r i a l  u n i t s ,  i . e .  ( f t 2 h r  F ) / B t u .  

R i n  S 1  u n i t s  i s  n o r m a l l y  c a l l e d  RSI (R  . 0.176 = R S I ) .  The R-values 

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

2 0 
O t h e r  c o u n t r i e s  o f t e n  g i v e  k -va lues  (U-va lues )  i n  W/(m C) .  V a l u e s  

assumed f o r  s u r f a c e  r e s i s t a n c e  o f  boundary  s u r f a c e s  i n  d i f f e r e n t  

s t r u c t u r e s  v a r y  from c o u n t r y  t o  c o u n t r y .  R e f e r  t o  C h a p t e r  A5 f o r  

i n f o r m a t i o n  r e g a r d i n g  t h e  h i g h e s t  p e r m i s s i b l e  k - v a l u e s  i n  d i f f e r e n t  

c o u n t r i e s .  P a r t  B g i v e s  supp lemen ta ry  i n f o r m a t i o n  f o r  t h e  r e s p e c t i v e  

c o u n t r i e s .  

A7.3 Energy losses 

Energy  l o s s e s  f rom a b u i l d i n g  a r e  compr ised  p r i m a r i l y  of  t r a n s m i s s i o n ,  

v e n t i l a t i o n  and d r a i n w a t e r  l o s s e s .  A c e r t a i n  amount of  househo ld  

e l e c t r i c i t y  e n e r g y  c a n  a l s o  be coun ted  a s  e n e r g y  l o s s e s  when used 

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

warm p a r t  o f  t h e  y e a r  when t h e r e  i s  no need f o r  h e a t i n g .  

Energy l o s s e s  from t r a n s m i s s i o n  t h r o u g h  a b u i l d i n g  e n v e l o p e  c a n  b e  

w r i t t e n  a s  

where k - t he rma l  t r a n s m i s s i o n  c o e f f i c i e n t  of  t h e  r e s p e c t i v e  
b u i l d i n g  s e c t i o n  (w/m2 K )  

2 A = a r e a  o f  t h e  r e s p e c t i v e  b u i l d i n g  s e c t i o n  (m ) 

- 
0; 

= a v e r a g e  i n d o o 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  
(OC) 

- 
0  = a v e r a g e  o u t d o o 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  

0 
s e a s o n  (OC) 

T  = d u r a t i o n  o f  h e a t i n g  s e a s o n  ( S )  

AWt = h e a t  t r a n s f e r  t h r o u g h  c o l d  b r i d g e s  ( J ) .  



I n  t h e s e  c a l c u l a t i o n s ,  t h e  v a l u e  of t h e  thermal  t r a n s m i s s i o n  

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

average  v a l u e  f o r  t h e  whole s e c t i o n .  I n  o t h e r  words, co ld  b r i d g e s  

i n  t h e  s e c t i o n  have been c o n s i d e r e d .  

The average  t empera tu re  s e l e c t e d  should  be t h e  t r u e  t empera tu re  

d u r i n g  t h e  h e a t i n g  season .  I n  c e r t a i n  c a l c u l a t i o n s ,  t h e  v a l u e  of  t h e  

indoor  t empera tu re  i s  reduced t o  compensate f o r  i n c i d e n t a l  h e a t  g a i n s .  

I n  low-energy houses i n  ~ a r t i c u l a r ,  i t  i s  impor tan t  t o  use  a c t u a l  

t e m p e r a t u r e s .  

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

D i f f e r e n t  p r a c t i c e s  and methods a r e  a p p l i e d .  As a n  example, r e f e r  t o  

Chapter  A 6  about d e g r e e  d a y s .  The problem i s  t h a t  t h e  t ime when 

a c t u a l  h e a t i n g  i s  r e q u i r e d  depends on f a c t o r s  such a s  t h e  s t a t e  of  a  

b u i l d i n g ' s  i n s u l a t i o n ,  t h e  amount of  waste  h e a t  from domes t i c  

e l e c t r i c i t y ,  i n c i d e n t a l  h e a t  g a i n s  from occupan t s ,  t h e  o r i e n t a t i o n  

of t h e  b u i l d i n g  and c a p a c i t y  f o r  shor t - t e rm h e a t  s t o r a g e  from 

i n s o l a t i o n  e t c .  and t h e  t y p e  of c l i m a t e .  I n  a c h a r a c t e r i s t i c  i n l a n d  

c l i m a t e  where t h e  t r a n s i t i o n  between summer and w i n t e r  i s  r a p i d  and 

where t empera tu re  changes a r e  c o n s i d e r a b l e ,  t h e  h e a t i n g  season i s  

r e l a t i v e l y  we l l -de f ined .  I n  a  mar i t ime  c l i m a t e ,  d e f i n i n g  t h e  d u r a t i o n  

of  t h e  h e a t i n g  season i s  s i g n i f i c a n t l y  more d i f f i c u l t .  

C o n s i d e r a t i o n  of t r a n s m i s s i o n  l o s s e s  th rough  co ld  b r i d g e s  i n  w a l l s  

and j o i s t  s t r u c t u r e  j o i n t s ,  b a l c o n i e s ,  c o r n e r s ,  f o u n d a t i o n s ,  e t c . ,  

a r e  b e s t  c a l c u l a t e d  us ing  computer programs f o r  mul t i -d imensional  

h e a t  f low.  As a n  a l t e r n a t i v e ,  s t a n d a r d  v a l u e s  f o r  d i f f e r e n t  s o l u t i o n s  

can be used .  

Energy l o s s e s  f o r  v e n t i l a t i o n  i n  a  b u i l d i n g ,  i n c l u d i n g  a i r  l eakage ,  

a r e  c a l c u l a t e d  a s  f o l l o w s  

W; - 3600 . n  . V C p ( T i - C )  T (J) 

where n  - t h e  number of  a i r  changes p e r  hour ( l / h )  

3 V = t h e  v e n t i l a t e d  volume (m ) 

c  = t h e  s p e c i f i c  h e a t  c a p a c i t y  ( J / k g  K )  



3 
p = t h e  d e n s i t y  o f  a i r  (kg/m ) 

- 0 0 .  = t h e  a v e r a g e  room t e m p e r a t u r e  ( C )  
1 

0 = t h e  a v e r a g e  o u t d o o 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  
0 

s e a s o n  ('C) 

T = t h e  d u r a t i o n  o f  t h e  h e a t i n g  s e a s o n  ( S ) .  

A s  men t ioned  p r e v i o u s l y ,  t h e r e  a r e  t oday  no r e a l l y  a c c u r a t e  methods 

f o r  c a l c u l a t i n g  t h e  number o f  a i r  c h a n g e s .  Thus i n  consequence ,  t h e  

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

U n t i l  more i n f o r m a t i o n  on  t h e  y e a r l y  r o l e  o f  a i r  i n f i l t r a t i o n  and 

v e n t i l a t i o n  i s  a v a i l a b l e ,  o n l y  e s t i m a t e s  a r e  p o s s i b l e .  Because o f  

o c c u p a n t  e f f e c t s  t h e s e  e s t i m a t e s  may p r o v e  t o  b e  q u i t e  i n a d e q u a t e  

( 2 4 ) .  L o c a l  wea the r  c o n d i t i o n s  and b u i l d i n g  l o c a t i o n  p l a y  v e r y  

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

d e  G i d s  e t  a l .  ( 2 5 )  have  documented a i r  l e a k a g e  i n f l u e n c e d  by winds 

o f  t h e  Nor th  Sea .  

D r a i n w a t e r  l o s s e s  a r e  ene rgy  l o s s e s  which  a r i s e  when w a t e r  which i s  

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

t h e s e  l o s s e s  v a r i e s  c o n s i d e r a b l e  a c c o r d i n g  t o  occupancy  p a t t e r n s ,  

w a t e r  u s a g e ,  e t c .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  n o t  o n l y  h o t  w a t e r  

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

t h r o u g h  b u i l d i n g s  need t o  b e  c o n s i d e r e d .  To a  g r e a t  e x t e n t  t h e r e  a r e  

no d a t a  o r  c a l c u l a t i o n  methods  a v a i l a b l e  t o  c o n s i d e r  such  e n e r g y  

l o s s e s  i n  d e t a i l .  

When p r o d u c i n g  ene rgy  b a l a n c e  c a l c u l a t i o n s ,  i t  i s  u s u a l  t o  u s e  

s t a n d a r d  v a l u e s  f o r  d r a i n w a t e r  l o s s e s  (Wd). The s i z e  o f  t h e s e  l o s s e s  

i s  g i v e n  i n  C h a p t e r  A 3 .  

The p e r c e n t a g e  o f  househo ld  e l e c t r i c i t y  consumpt ion  used  f o r  h e a t i n g  

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

t h e s e  assumed v a l u e s  a r e  i n c o m p l e t e .  

A summation o f  e n e r g y  l o s s e s  f o r  t r a n s m i s s i o n  and a i r  c h a n g e s ,  

t o g e t h e r  w i t h  d r a i n w a t e r  l o s s e s  and "household  e l e c t r i c i t y  l o s s e s "  (W,) 

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

"Out" b a r  i n  t h e  e n e r g y  b a l a n c e  and r e f e r s  t o  n e t  e n e r g y  l o s s e s ,  i . e .  



When d e s i g n i n g  h e a t i n g  i n s t a l l a t i o n s ,  t h e  h e a t  demand f o r  t h e  

b u i l d i n g  i n  q u e s t i o n  i s  based o n  d e s i g n  ou tdoor  c o n d i t i o n s .  Design 

f o r  h e a t  l o s s e s  i s  u s u a l l y  based on t r a n s m i s s i o n  and a i r  change. 

A 7 . 4  References 

( 1 )  Nylund, P.-O., I n f i l t r a t i o n  and v e n t i l a t i o n .  (Swedish Counci l  f o r  
~ u i l d i n g  Resea rch . )  Report  NO. D22:1980. Stockholm 1980. 

( 2 )  d e  Gids ,  W. F . ,  C a l c u l a t i o n  Method f o r  t h e  Na tu ra l  V e n t i l a t i o n  of 
B u i l d i n g s .  (TNO Research I n s t i t u t e  f o r  Environmental  ~ y g i e n e . )  
D e l f t ,  Ne the r lands  1977. 

( 3 )  E t h e r i d g e ,  D .  W . ,  Crack Flow Equa t ions  and S c a l e  E f f e c t .  Bu i ld ing  
and Environment No. 12,  pp.  181-189. 1977.  

( 4 )  Larsen ,  B .  T . ,  Energy consumption of R e s i d e n t i a l  B u i l d i n g s .  The 
computer program ENCORE. P a r t  1, USER'S Manual and P a r t  2 ,  
Documentation. (Norwegian Bui ld ing Research I n s t i t u t e . )  1977. 

Larsen,  B. T . ,  Ventilasjonsberegninger. ~ r u k e r b e s k r i v e l s e  a v  
datamaskinprogrammet VEBER.  C a l c u l a t i o n  of V e n t i l a t i o n .  Users  
manual f o r  t h e  computer program V E B E R .  ( I n  Norwegian.) (Norwegian 
Bui ld ing Research I n s t i t u t e . )  1974. 

( 5 )  Sherman, M.Th. & Grimsrud,  D .  T . ,  Measurement of I n f i l t r a t i o n  
Using Fan P r e s s u r i z a t i o n  and Weather Data .  A I C  Conference  
" I n s t r u m e n t a t i o n  and Measuring Techniques".  Windsor, United 
Kingdom 1980. 

( 6 )  Warren, P. R .  & Webb, B .  C . ,  The ~ e l a t i o n s h i ~  between T r a c e r  Gas 
and P r e s s u r i z a t i o n  Techniques i n  Dwel l ings .  A I C  Conference  
" I n s t r u m e n t a t i o n  and Measuring Techniques".  Windsor, Uni ted  
Kingdom 1980 

( 7 )  Cole ,  J .  T. e t  a l . ,  A p p l i c a t i o n  of  a Genera l i sed  Model of ~ i r  
I n f i l t r a t i o n  t o  E x i s t i n g  Homes. ASHRAE T r a n s a c t i o n s ,  Vol. 86 ,  
P a r t  2, pp. 765-777. 1980.  

( 8 )  Handa, K. & Gusten,  J . ,  P r e s s u r e  ~ i s t r i b u t i o n  around Low-Rise 
B u i l d i n g s .  P roceed ings  CSTB Conference "Designing w i t h  t h e  Wind". 
Nantes 1981. 

( 9 )  J a r d i n i e r ,  P . ,  V e n t i l a t i o n  e t  t r a n s p a r e n c e  a l ' a i r  d e s  h a b i t a t i o n s .  
V e n t i l a t i o n  and P e r m e a b i l i t y  of Dwel l ings .  ( I n  French . )  C a h i e r s  
Techniques du Bgtiment,  No. 2, Feb/Mar 1980. A I C   rans slat ion N O .  5. 
1980. 

(10)  G a b r i e l s s o n ,  J .  & P o r r a ,  P . ,  C a l c u l a t i o n  of ~ n f i l t r a t i o n  and 
Transmiss ion Heat Loss i n  R e s i d e n t i a l  B u i l d i n g s  by Computer. 
I n s t .  Heat Vent.  Eng. Vol. 35 ,  pp. 357-360. 1973. 



(11) Jackman, P. J., A Study of Natural Ventilation of Tall Office 
Buildings. Inst. Heat Vent. Eng. Vol. 38, pp. 103-118, 1970. 

(12) Bilsborrow, R. E., Digital Analogue for Natural Ventilation 
Calculations. (University of Sheffield. Dept. of Building 
Science.) Report BS6. Sheffield 1973. 

(13) Sander, D. M., Fortran IV Program to Calculate Air Infiltration 
in Buildings. (National Research Council, Canada, Div. of 
Building Research.) Computer Program No. 37, 1974. Ottawa 1974. 

(14) Irving, S. J., The Computer Simulation of Smoke Movement during 
Building Fires. Fire Prev. Sci. Tech., No. 22, pp. 3-8. 1979 

(15) Etheridge, D. W. & Alexander, D. K., The British Gas Multi-Cell 
Model for Calculating Ventilation. ASHRAE ~ransactions, Vol. 86, 
Part 2, pp. 808-821. 1980. 

(16) ASHRAE Fundamentals. Chapter 22, Tables 3, 4 and 5. 1981 

(17) Grimsrud, D. l'., Sherman, M. H., Diamond, P,. C., Cordon, P. E. 
& Rosenfeld, A. H., Infiltration-Pressurization Correlations: 
Detailed Measurements in a California House. ASHRAE Transactions, 
Vol. 85, Part 1. 1979. 

(18) Potter, I. N., Effect of Fluctuating Wind Pressures on Natural 
Ventilation Rates. ASHRAE Transactions, Vol. 85, Part 2 .  1979. 

(19) Kronvall, J., Testing of Houses for Air Leakage Using a Pressure 
Method. ASHRAE Transactions, Vol. 84, Part l. 1978. 

(20) Kronvall, J . , Airtightness - Measurements and Measurement Methods. 
(Swedish Council for Building Research.) Report No. D8:1980. 
Stockholm 1980. 

(21) Manning, S., The Distribution of Air Leakage in a Dwelling - a 
brief review. A I C  Technical Note 1. 1980. 

(22) Caffey, E., Residential Air Infiltration. ASHRAE Transaction, 
Vol. 85, Part 1, pp. 41-57. 1979. 

(23) Tamura, G. T., Measurement of Air Leakage Characteristics of 
House Enclosures. ASHRAE Transactions, Vol. 81, Part 1, pp. 
202-211. 1975. 

(24) Lundstr6m, E., Energy Consumption in Single-Family Houses - 
Influence of the Occupants. International Conference on Consumer 
Behaviour and Energy Use. Banff, Canada, Sept. 1980. 

(25) de Gids, W. F., van Schejndel, L. H. & Ton, J. A., Wind Tunnel 
and on Site Pressure Distribution Measurements on a House and 
its Effect on Infiltration. ASHRAE Transactions, Vol. 85, Part 2, 
pp. 411-427. 1979. 





MAT ER I A L  S 

Demands on b u i l d i n g  m a t e r i a l s  v a r y  accord ing  t o  t h e  d i f f e r e n t  

r equ i rements  and f u n c t i o n s  of b u i l d i n g s  i n  d i f f e r e n t  c o u n t r i e s  

( indoor  c l i m a t e  and energy e f f i c i e n c y  f o r  example).  

I t  should b e  p o s s i b l e  t o  m a i n t a i n  s p e c i f i e d  requ i rements  f o r  

b u i l d i n g  m a t e r i a l s  d u r i n g  t h e  l i f e  o f  t h e  b u i l d i n g .  To e n s u r e  t h a t  

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

chosen f o r  a i r t i g h t n e s s  and thermal  i n s u l a t i o n ,  f o r  example, and 

t h e i r  a b i l i t y  t o  combine wi th  o t h e r  m a t e r i a l s .  

M a t e r i a l  enclosed i n  s t r u c t u r e s  should g i v e  a  s a t i s f a c t o r y  

performance d u r i n g  t h e  l i f e  of t h e  b u i l d i n g .  M a t e r i a l  t h a t  has  not  

been documented o r  h a s  i n f e r i o r  d u r a b i l i t y  should be e a s i l y  

a c c e s s i b l e  f o r  replacement i f  used .  

M a t e r i a l s  whose r e s i s t a n c e  t o  age ing  i s  of pr imary importance  from 

a  s e a l i n g  a s p e c t  i n  Sweden i n c l u d e  po lyure thane  foam, EPDM rubber  

and j o i n t i n g  compounds. The age ing  p r o p e r t i e s  of t h e  p l a s t i c  f i l m s  

used a r e  a l s o  of g r e a t  importance .  Another group of m a t e r i a l s  

c o n t a i n s  t a p e s  and t a p e  a d h e s i v e s  whose age ing  p r o p e r t i e s  a r e  not  

w e l l  documented. These a r e ,  however, of  l e s s e r  importance .  

When compared w i t h  t h e  expected l i f e  of  a  house,  a l l  t h e s e  m a t e r i a l s  

have been used f o r  a  r e l a t i v e l y  s h o r t  t ime .  P roduc t s  a r e  c o n t i n u a l l y  

being developed and composi t ions  change. The e x p e r i e n c e  ga ined  from 

t h e  long term use  of  m a t e r i a l ,  i n  what can be c a l l e d  n a t u r a l  c l i m a t e s ,  

i s  t h u s  v e r y  l i m i t e d  and t e s t  methods f o r  a c c e l e r a t e d  age ing  a r e  

i n a d e q u a t e l y  developed.  Often o n l y  one o r  two p r o p e r t i e s  a r e  s t u d i e d  

i n  a c c e l e r a t e d  age ing  l a b o r a t o r y  t e s t s .  Knowledge about newer 

m a t e r i a l s '  r e s i s t a n c e  t o  age ing  i s  t h e r e f o r e  v e r y  l i m i t e d ;  

c o n s i d e r a b l e  r e s e a r c h  i s  needed.  Tab le  A8.1 shows t h e  expected 

s e r v i c e  l i f e  of d i f f e r e n t  s e a l i n g  m a t e r i a l s  accord ing  t o  

i n v e s t i g a t i o n s  by Grunau ( 1 ) .  These i n d i c a t e  t h a t  many s e a l i n g  

m a t e r i a l s  must be  used i n  such a  way t h a t  r e s e a l i n g  i s  easy .  

Gas emiss ions  from d i f f e r e n t  m a t e r i a l s  must be t aken  i n t o  

c o n s i d e r a t i o n  t o  p rov ide  a  good indoor  c l i m a t e .  Gases l i k e  

formaldehyde c a n  c a u s e  a l l e r g e n i c  r e a c t i o n s .  Formaldehyde may be 

emi t t ed  from f u r n i t u r e ,  ch ipboard ,  e t c . ,  where u r e a  formaldehyde (UF) 



Table A 8 . 1 .  The expected se rv i ce  L i f e  o f  d i f f e r e n t  s e a l i ~ g  material.;, 
asswning t h a t  t he  mater ia l  i s  c o r r e c t l y  produced, i s  
ftclZy processed and i s  no!, subjected t o  esce.sn toadinq 
~ i t h i n  i t s  area o f  app l i ca t ion .  The figtcres given f o ~  
t h e  ca lcu la ted  seru ice  l i v e s  c m  be considered t h c  
minimum serv i ce  l i f e  based on values from prnc t icu l  
experience { from Ref. (2) 1 .  

Type of s e a l i n g  Documented t e s t  C a l c u l a t e d  Cont inua l  l o a d i n g ,  
m a t e r i a l  p e r i o d ,  s e r v i c e  l i f e ,  pe r  c e n t  of j o i n t ,  

yea r  S y e a r s  width  

Po lysu lph ide  16  22 20 

S i l i c o n e  rubber  8 15  20 

Po lyure thane  7 
(2-component) 

Butyl  rubber  13  1 5  3 

A c r y l i c  p l a s t i c  13 15  5 

A c r y l i c  polymer 7 15 10 

g l u e  h a s  been  used d u r i n g  manufac tu re  o r  from i n s u l a t i o n  us ing  UF 

foam. Radon gas  can be emi t t ed  from some b u i l d i n g  m a t e r i a l s ,  l o c a l  

w a t e r ,  and t h e  ground i f  i t  c o n t a i n s  uranium. I n c r e a s i n g  t h e  

c o n c e n t r a t i o n s  of radon decay p r o d u c t s  c a u s e s  a n  i n c r e a s e d  r i s k  of 

lung c a n c e r .  

I t  i s  a l s o  important  t h a t  m a t e r i a l s  a r e  g i v e n  c o r r e c t  d e s c r i p t i o n s  

by t h e i r  m a n u f a c t u r e r s .  Far  too  many s e a l i n g  p r o d u c t s  a r e  s o l d  under 

anonymous a d v e r t i s i n g  names. 

A8.1 A i r / v a p o u r  barriers 

PLASTIC FILMS 

P l a s t i c  f i l m s  of d i f f e r e n t  t y p e s  and q u a l i t i e s  a r e  used today bo th  

a s  vapour b a r r i e r s  and f o r  a i r t i g h t n e s s  i n  houses .  P l a s t i c  f i l m s  

should  be s t a b i l i z e d ,  e s p e c i a l l y  a g a i n s t  o x i d a t i v e  a t t a c k  and UV 

r a d i a t i o n .  The f i l m  used should  have s u f f i c i e n t  mechanical  s t r e n g t h  

t o  wi ths tand  s t r e s s e s  d u r i n g  c o n s t r u c t i o n .  

The f i l m  should  a l s o  be t r a n s p a r e n t  t o  f a c i l i t a t e  b o t h  i n s p e c t i o n  

of t h e  thermal  i n s u l a t i o n  work and subsequent  i n t e r n a l  s u r f a c e  

e r e c t i o n .  I n  Sweden q u a l i t y  r equ i rements  f o r  p l a s t i c  f i l m s  a r e  g iven  



i n  Verksnorm 2000 pub l i shed  by t h e  Swedish P l a s t i c s  F e d e r a t i o n  ( 3 ) .  

The age r e s i s t a n c e  of  a b u i l d i n g  f i l m  i s  determined by t h e  change 

i n  u l t i m a t e  t e n s i l e  s t r e n g t h  a f t e r  age ing  t h e  f i l m  a t  a n  e l e v a t e d  

t empera tu re  accord ing  t o  t h e  method g i v e n  i n  Verksnom 2000. An 

example of a  t e s t  r e s u l t  i s  shown i n  F i g u r e  A8.1. Degrada t ion  i s  

a c c e l e r a t e d  a t  h i g h e r  t empera tu res  and,  f o r  t h i s  r e a s o n ,  t h e  r i s k  

of d e g r a d a t i o n  i n  b u i l d i n g s  can  be  expected t o  be  g r e a t e s t  behind 

r a d i a t o r s .  Verksnorm 2000 t h e r e f o r e  recommends t h a t  h e a t  r e f l e c t i n g  

f o i l  of aluminium, f o r  example, be used behind r a d i a t o r s  i n  o r d e r  

t o  r educe  t h e  t empera tu re  i n s i d e  t h e  w a l l  where p l a s t i c  f i l m  i s  

f i t t e d .  

mate tensile strength, per cent of origin01 volue 
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Fi2ure AH. 1 .  An example of a t e sb  r e s u l t  o x  t h e  a g e  r e s i s t a n c e  of 
n p l a s t i c  f i l m .  2s ucek t e s t  at approx.  +Z/:GOL' i , s  
asswned t o  s o r r e s p o d  t o  4 0  ymrs nt +.3,5°C. The r l e su l t  
shorn t k t  t h e  p l a s t i c  f i l m  m u s t  Sc h e a t  urd W -  
s t a h i l i z e d .  A black b u i l d i n g  : i lm  g i g e s  no g u a r a n l c e  
of ~ o o d  age r e s i s t i v j  p r o p e r  Lie.? {from Ref. f 2)  1 .  



I t  should a l s o  be noted t h a t  f i t t i n g  p o l y e t h y l e n e  f i l m  wi th  copper 

s t a p l e s  o r  non-rust  p r o t e c t e d  s t e e l  s t a p l e s  should  be avoided s i n c e  

bo th  copper and s t e e l  a c c e l e r a t e  d e g r a d a t i o n  of t h e  f i l m .  Rust-  

p r o t e c t e d  s t e e l  s t a p l e s  should  be  used .  

The p l a s t i c  which c u r r e n t l y  f u l f i l s  t h e  requ i rements  f o r  d u r a b i l i t y  

i n  Sweden i s  0 .2  mm s t a b i l i z e d  p o l y e t h y l e n e  f i l m .  S t a b i l i z a t i o n  

a g a i n s t  UV l i g h t  and o x i d a t i v e  a t t a c k  de te rmines  t h e  s e r v i c e  l i f e  

of  t h e  f i l m .  The b e s t  q u a l i t y  c u r r e n t l y  used i n  Canada h a s  a  

t h i c k n e s s  of 0 .15 m. The t h i c k n e s s  of t h e  f i l m  de te rmines  t h e  

mechanical  s t r e n g t h  which i s  of importance d u r i n g  e r e c t i o n .  

The d u r a b i l i t y  of f i l m s  of PVC o r  polypropylene a r e  today unknown 

owing t o  l a c k  of t e s t  methods.  

J o i n t i n g  and i n s t a l l i n g  p l a s t i c  f i l m  i s  t r e a t e d  i n  Chapter  A 9 .  

PAPER 

Asphalt- impregnated paper  ( k r a f t  paper )  can  be  used i n  much t h e  same 

way a s  p l a s t i c  f i l m s .  Mois tu re  movement i s  c o n s i d e r a b l e  i n  paper  and 

must be cons ide red  when i n s t a l l i n g  p a p e r .  

A s p e c i a l  system h a s  been developed i n  Sweden f o r  i n s t a l l i n g  and 

j o i n t i n g  paper  s o  t h a t  i t  f u n c t i o n s  a s  an  a i r l v a p o u r  b a r r i e r .  

S p e c i a l  s t r i p s  of a d h e s i v e  a r e  used a t  j o i n t s  between r o l l s  of paper  

and a r e  a p p l i e d  w i t h  t h e  a i d  of h e a t ,  from an i r o n  f o r  example. T h i s  

method h a s  a l s o  been used t o  s e a l  p l a s t e r b o a r d  j o i n t s .  Good r e s u l t s  

have been achieved from p r e s s u r e  t e s t s  but  a i r t i g h t n e s s  d u r a b i l i t y  

t e s t s  a r e  a s  y e t  undocumented. 

METAL FOILS 

Metal  f o i l s  of aluminium o r  copper have a widespread u s e  a s  vapour 

b a r r i e r s  i n  many c o u n t r i e s .  The f o i l  i s  o f t e n  glued on a n  i n s u l a t i n g  

o r  s h e e t  m a t e r i a l .  These m a t e r i a l s  a r e  v e r y  good a s  vapour b a r r i e r s .  

However, bo th  p a s t  and p r e s e n t  a p p l i c a t i o n s  of t h e s e  m a t e r i a l s  make 

good a i r s e a l i n g  d i f f i c u l t  because  t h e  u s e  of  smal l  s h e e t s  has  

i n c r e a s e d  t h e  number of j o i n t s .  

Problems could  a r i s e  owing t o  t h e  f a c t  t h a t  m e t a l  f o i l  conduc t s  

e l e c t r i c i t y .  T h i s  could be dangerous  i n  c o n n e c t i o n  wi th  e l e c t r i c a l  



i n s t a l l a t i o n s ,  e x p e c i a l l y  f o r  t h e  workers d u r i n g  e r e c t i o n .  For t h i s  

r e a s o n ,  vapour b a r r i e r s  of me ta l  f o i l  a r e  p r o h i b i t e d  i n  w a l l s  and 

c e i l i n g s  i n  Sweden. 

BOARD MATERIALS 

There  a r e  many t y p e s  of board m a t e r i a l  which i n  themselves  a r e  

a i r t i g h t  ( e . g .  s h e e t s  of p l a s t e r ,  wood f i b r e ) .  Board m a t e r i a l  w i t h  

s h e e t s  of p l a s t i c  o r  aluminium glued t o  t h e  f a c e  i s  a l s o  a v a i l a b l e .  

The g r e a t e s t  problem when u s i n g  s h e e t  m a t e r i a l  a s  a s e a l i n g  l a y e r  

i s  i n  a c h i e v i n g  l a s t i n g  a i r t i g h t n e s s  a t  j o i n t s .  These must be made 

a i r t i g h t  w i t h  t h e  a i d  of some s o r t  of s e a l i n g  m a t e r i a l  and must be 

a b l e  t o  absorb  movements i n  t h e  s h e e t s  r e s u l t i n g  from v a r y i n g  

m o i s t u r e  c o n d i t i o n s  and s e t t l i n g  of f o u n d a t i o n s  ( s e e  fo l lowing  

s e c t i o n ) .  When f i t t i n g  boards  and s e a l i n g  l a y e r s  i n t e r n a l l y ,  t h e r e  

i s  a  c o n s i d e r a b l e  r i s k  t h a t  t h e s e  might be punctured when p i c t u r e s  

and s h e l v e s ,  f o r  example, a r e  pu t  up on w a l l s .  

LOAD-BEAR I N G  STRUCTURES 

Concrete  and a e r a t e d  c e l l u l a r  c o n c r e t e s  a r e ,  i n  themse lves ,  

s u f f i c i e n t l y  a i r t i g h t .  The s e a l i n g  l a y e r  can be combined w i t h  t h e  

load  b e a r i n g  c o r e  i n  t h i s  c a s e .  T h i s  means t h a t  b u i l d i n g s  of c o n c r e t e  

and a e r a t e d  c o n c r e t e  can  be made ve ry  a i r t i g h t  i f  j o i n t s  between 

b u i l d i n g  e lements  a r e  made c o r r e c t l y .  The a i r t i g h t n e s s  of b r i c k  w a l l s  

depends t o  a  g r e a t  d e a l  on t h e  workmanship and t h e  m o r t a r .  Good 

adhes ion  between t h e  mor ta r  and brickwork and adequa te  f i l l i n g  of  

j o i n t s  i s  a p r e r e q u i s i t e  f o r  a n  a i r t i g h t  s t r u c t u r e .  Br ick  w a l l s  a r e  

o f t e n  p l a s t e r e d  on one o r  two s u r f a c e s .  The p l a s t e r  improve t h e  

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

A common denominator f o r  a l l  t h e s e  s t r u c t u r e s  i s  t h e i r  s e n s i v i t y  t o  

c r a c k  fo rmat ion  r e s u l t i n g  from f o u n d a t i o n  s e t t l i n g  o r  thermal 

movement. Cons ide rab le  a i r  l eakage  can occur  th rough  such c r a c k s .  

Seal i ng  j o i n t s  

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

could normally be expected t o  have a  s h o r t e r  s e r v i c e  l i f e  t h a n  

a d j a c e n t  e l ements .  T h i s  means t h a t  j o i n t s  should  be des igned s o  t h a t  

t h e y  can be  e a s i l y  m a i n t a i n e d .  



MATERIALS FOR AND PROPERTIES OF WEATHERSTRIPPING 

The s e a l i n g  performance o f  w e a t h e r s t r i p p i n g  i s  g r a d u a l l y  a f f e c t e d  a s  

i t s  p r o p e r t i e s  change.  

The p r o p e r t y  of pr imary importance i s  r e s i l i e n c e  and t h i s  i s  a f f e c t e d  

by t h e  fo l lowing  f a c t o r s  which a l s o  de te rmine  t h e  l i f e  of  t h e  s t r i p  ( 4 )  

0 t empera tu res  

o v a r i a t i o n  i n  m o i s t u r e  o r  e v a p o r a t i o n  of  p l a s t i c i z e r  which 
g i v e s  r i s e  t o  s w e l l i n g  o r  sh r inkage  movements 

o chemical  a c t i o n  by s o l v e n t s  and d e t e r g e n t s  

o t h e  a c t i o n  of s u n l i g h t  and s u b s t a n c e s  con ta ined  i n  t h e  a i r .  

The c l o s i n g  f o r c e  f o r  s t r i p s  i n  windows and d o o r s  should not  change 

d u r i n g  s e r v i c e  l i f e .  The s t r i p  should a l s o  have good r e s i s t a n c e  t o  

mechanical  a c t i o n .  

Modern w e a t h e r s t r i p p i n g  i s  normal ly  manufactured from d i f f e r e n t  t y p e s  

of rubber  and p l a s t i c s .  The most common m a t e r i a l s  a r e  EPDM, s i l i c o n e  

and c h l o r o p r e n e  r u b b e r s  and PVC p l a s t i c .  Other  m a t e r i a l s  such a s  

t e x t i l e s  and m e t a l s  have a l s o  been used a s  w e a t h e r s t r i p p i n g .  

Mouldings which have al lowed t h e  l e a s t  a i r  l eakage  a r e  d i f f e r e n t  

t y p e s  of t u b u l a r  and a n g u l a r  s t r i p s  ( s e e  Chapter  A9). 

Most r u b b e r s  and p l a s t i c s  a r e  s e n s i t i v e  t o  t h e  a c t i o n  of o i l s  and 

p e t r o l ,  and a l s o  o f t e n  t o  weak a c i d s  and b a s e s .  A l l  a r e  r e s i s t a n t  t o  

soap-based d e t e r g e n t s .  

0 
Heat a f f e c t s  most r u b b e r s  and p l a s t i c s .  Temperatures  of over  100 C 

f o r  r u b b e r s  and over  6 0 ' ~  f o r  p l a s t i c s  a r e  i n  most c a s e s  v e r y  

u n s u i t a b l e .  Even a t  lower t e m p e r a t u r e s ,  t empera tu re  has  a  g r e a t  

e f f e c t  on t h e  l i f e  o f  t h e  m a t e r i a l s .  As a  rough gu ide ,  a  1 0 ' ~  r i s e  

i n  t empera tu re  doub les  t h e  age ing  e f f e c t .  T h i s  f a c t  i s  used t o  

de te rmine  t h e  s e r v i c e  l i f e  o f  m a t e r i a l s  i n  a c c e l e r a t e d  age ing  t e s t .  

Note t h a t  t h e  same m a t e r i a l  may be manufactured by d i f f e r e n t  

p roducers  and t h a t  t h e r e f o r e  t h e  q u a l i t y  i s  no t  always t h e  same. 

The p r o p o r t i o n  of  rubber  t o  f i l l e r  can  a l s o  v a r y  c o n s i d e r a b l y .  A 

low c o n t e n t  of rubber  could g i v e  t h e  m i x t u r e  v e r y  d i f f e r e n t  

p r o p e r t i e s  from t h o s e  expected from t h e  pure  m a t e r i a l .  



Recent i n v e s t i g a t i o n s  of t h e  s e r v i c e  l i f e  of  EPDM rubber  s t r i p s ,  made 

by t h e  Na t iona l  T e s t i n g  I n s t i t u t e  of  Sweden, i n d i c a t e  a widespread 

range  i n  f u n c t i o n  i n  t ime due t o  m a t e r i a l  q u a l i t y  and moulding. 

I t  may be  d i f f i c u l t  t o  de te rmine  which m a t e r i a l  a  s t r i p  i s  made o f .  

An easy  way t o  f i n d  o u t  i s  t o  i g n i t e  a  smal l  p i e c e  of  t h e  s t r i p .  

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

i n  Table  A 8 . 2 .  

Table A d .  2 .  Character is t ic  propert ies  on i g n i t i o n  o f  some materials  
used f o r  weatherstr ips  ( 5 ) .  

M a t e r i a l  Combustion F lame Sme l l 
p r o p e r t i e s  

PVC Burns b u t  Yellow w i t h  Pungent 
goes  o u t  g r e e n  base  

Chloroprene Burns bu t  Yellow-green, Pungent,  
rubber  goes  o u t  smoky b u r n t  rubber  

S i l i c o n e  Burns and con- L igh t  yellow- No s m e l l ,  
rubber  t i n u e s  t o  burn w h i t e ,  whi te  w h i t e  a s h  

smoke 

EPDM Burns and con- Yellow flame Like  t h e  
t i n u e s  t o  burn w i t h  b l u e  smel l  o f  a 

base  burn ing  wax 
c a n d l e  

RUBBERS 

The r u b b e r s  used i n  w e a t h e r s t r i p s  a r e  s y n t h e t i c .  S y n t h e t i c  r u b b e r s  

such a s  EPDM, c h l o r o p r e n e  and s i l i c o n e  rubber  a r e  s u i t a b l e  f o r  

outdoor  use .  The rubber  i s  mixed wi th  f i l l e r ,  p l a s t i c i z e r  and 

v u l c a n i z i n g  a g e n t s ,  ext ruded through a nozz le  and t h e n  vu lcan ized  

u s i n g  h e a t .  I n  t h i s  c a s e  p l a s t i c i z e r s  of  low v o l a t i l i t y  should be 

used .  I f  t h e  rubber  s t r i p  i s  under-  o r  o v e r v u l c a n i z e d ,  i t  w i l l  age  

more r a p i d l y  t h a n  normal. 

Ozone a t t a c k s  a l l  r u b b e r s  t h a t  have double  bonds i n  t h e  main c h a i n .  

O f  t h e  above-mentioned m a t e r i a l s  t h i s  normal ly  on ly  a f f e c t s  

c h l o r o p r e n e .  Ozone i s  formed i n  t h e  h i g h e r  a i r  s t r a t a  and a s  a  r e s u l t  

of  e l e c t r i c a l  d i s c h a r g e s .  W e a t h e r s t r i p s  should  t h e r e f o r e  n o t  be 

s t o r e d  i n  rooms where e l e c t r i c  motors  a r e  i n  o p e r a t i o n .  The a c t i o n  

of  ozone can be c o u n t e r a c t e d  by t h e  a d d i t i o n  o f  a n t i - o z o n a n t s ,  i . e .  

s u b s t a n c e s  which c o u n t e r a c t  c r a c k i n g  due t o  ozone.  



U l t r a v i o l e t  l i g h t  ma in ly  a f f e c t s  l i g h t  o r  co loured  m a t e r i a l s .  Black 

rubber  c o n t a i n s  ca rbon  b lack  which, a p a r t  from i t s  r e i n f o r c i n g  

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

r a d i a t i o n .  

EPDM d e n o t e s  e t h y l e n e  propylene d i e n  monomer. I t  i s  a  c h a r a c t e r i s t i c  

of  EPDM t h a t  i t  i s  wholly r e s i s t a n t  t o  ozone.  T h i s  i s  due t o  t h e  f a c t  

t h a t  t h e  double  bonds necessa ry  f o r  v u l c a n i z a t i o n  a r e  p laced  i n  s i d e  

g roups ,  not  i n  t h e  main molecu la r  c h a i n .  Thanks t o  good r e s i s t a n c e  

t o  wea the r ,  wind, hot  w a t e r ,  fumes, a c i d s  and a l k a l i s ,  and e x c e l l e n t  

r e s i s t a n c e  t o  ozone,  t h e  m a t e r i a l  is  now used i n s t e a d  of ch lo roprene  

f o r  j o i n t i n g  and g l a z i n g  s t r i p s  i n  f a c a d e s .  I t  i s ,  though, no t  

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

P r e l i m i n a r y  r e s u l t s  of s t u d i e s  on t h e  age ing  e f f e c t s  on EPDM rubber  

s t r i p s  by J e r g l i n g  ( 6 )  i n d i c a t e  t h a t  ageing e f f e c t s  a f t e r  about 30 

y e a r s  a r e  more e v i d e n t  i n  c h l o r o p r e n e  s t r i p s  t h a n  i n  EPDM s t r i p s .  

More r e c e n t  i n v e s t i g a t i o n s  made by Holmstrom a t  t h e  Na t iona l  T e s t i n g  

I n s t i t u t e  o f  Sweden i n d i c a t e  a  very  widespread s e r v i c e  l i f e  of  EPDM 

s t r i p s  due t o  m a t e r i a l  q u a l i t y  and moulding ( 7 ) .  

S i l i c o n e  rubber  ( Q )  i s  p r i m a r i l y  c h a r a c t e r i z e d  by t h e  f a c t  t h a t  i t  

can  be used a t  bo th  ve ry  h igh  and low t e m p e r a t u r e s .  I t  has  e x c e l l e n t  

r e s i s t a n c e  t o  ozone and t o  t h e  a c t i o n  of  t h e  wea the r ,  bu t  has  l i m i t e d  

r e s i s t a n c e  t o  o i l s .  On t h e  o t h e r  hand, t h e  m a t e r i a l  a p p e a r s  t o  be 

s e n s i t i v e  t o  wear and i s  a f f e c t e d  by weak a c i d s  and b a s e s  t o  a 

g r e a t e r  e x t e n t  than  t h e  above m a t e r i a l s .  The p r i c e  o f  t h e  raw m a t e r i a l  

i s  c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  f o r  EPDM, ch lo roprene  and PVC. 

Chloroprene rubber  (CR) has  good r e s i s t a n c e  t o  ozone,  h e a t  and o i l s .  

However, i t s  r e s i s t a n c e  t o  o i l s  i s  n o t  s u f f i c i e n t  f o r  extended 

c o n t a c t  w i t h  p e t r o l  o r  o i l .  The m a t e r i a l  has  e x c e l l e n t  r e s i s t a n c e  t o  

weak a c i d s  and b a s i s .  

PLASTIC S 

The p l a s t i c s  which a r e  mainly  used f o r  w e a t h e r s t r i p s  a r e  d i f f e r e n t  

t y p e s  of p o l y v i n y l c h l o r i d e  (PVC).  PVC i s  a t h e r m o p l a s t i c  m a t e r i a l .  

I n  o r d e r  t h a t  i t  should  be s o f t  a  h igh  p r o p o r t i o n  of  p l a s t i c i z e r  must 

be added.  I f  poor -qua l i ty  p l a s t i c i z e r s  a r e  used ,  t h e  s t r i p  may 

become tacky  ( d i r t  i s  accumulated)  and a l s o  too ha rd  a f t e r  a  t i m e  



s i n c e  t h e  p l a s t i c i z e r  w i l l  evapora te .  There  i s  then  a  g r e a t  r i s k  t h a t  

i t  w i l l  s h r i n k .  Shr inkage a l s o  o c c u r s  because  o f  t h e  r e l e a s e  of  

i n t e r n a l  s t r e s s e s  s e t  up d u r i n g  manufacture .  

MINERAL WOOL 

For a  long t ime ,  m i n e r a l  wool ( g l a s s  f i b r e  and rockwool)  h a s  been 

used a s  a  " s e a l i n g  m a t e r i a l "  i n  j o i n t s .  However, i t s  pr imary f u n c t i o n  

i s  thermal  i n s u l a t i o n .  During t h e  l a s t  few y e a r s ,  s e v e r a l  r eady lnade  

m i n e r a l  wool p r o d u c t s  have been developed f o r  improving a i r t i g h t n e s s .  

T h i s  has  been achieved by c o n t a i n i n g  t h e  m i n e r a l  woo01 i n s i d e  

d i f f e r e n t  t y p e s  of p l a s t i c  f i l m .  S e a l i n g  sys tems have been developed 

f o r  d i f f e r e n t  purposes .  Common p r o d u c t s  and sys tems i n  Sweden a r e  

0 "SeaLirq j'ihrc" - used between ground p l a t e  and founda t ion  
a s  we l l  a s  between c o n s t r u c t i o n  e lements .  The system 
comprises  m i n e r a l  wool s t r i p s  packed i n  a  t h i n  b l a c k  
p o l y e t h y l e n e  f i l m .  

"Joint ing f ibre" - used between w a l l s  and f rames.  T h i s  
system comprises  one s t r i p  w i t h  a n  e x t e r n a l  t r a n s p a r e n t  
p o l y e t h y l e n e  f i l m  c o a t i n g  and one w i t h o u t .  

Mineral wool packing - q u i t e  o f t e n  used f o r  s e a l i n g  j o i n t s  
bu t  i t s  pr imary f u n c t i o n  i s  thermal  i n s u l a t i o n  and i t  should  
be  supplemented w i t h  a  rubber  s t r i p  o r  j o i n t i n g  compound on 
t h s  i n s i d e  i n  o r d e r  t o  ach ieve  good a i r t i g h t n e s s .  

These systems a r e  i l l u s t r a t e d  i n  Chapter  A 9 .  

POLYURETHANE FOAM (PUR FOAM) 

Po lyure thanes  a r e  a  group of p o l p n e r s  which a r e  produced when 

i s o c y a n a t e s  r e a c t  w i t h  p o l y a l c o h o l s .  There  a r e  a number of  v a r i a t i o n s .  

By a l t e r i n g  t h e  manufac tu r ing  p r o c e s s ,  expanding po lyure thanes  w i t h  

d i f f e r e n t  p r o p e r t i e s  can be produced.  The p roduc t  can be made r i g i d  

o r  s o f t  and t h e  c e l l s  can be made open o r  c l o s e d .  The m a t e r i a l ' s  

n a t u r a l  c o l o u r  i s  a  weak yellow-grey,  but  a  number of  dyes  a r e  used .  

Expanded p o l y u r e t h a n e s  can  be used a s  the rmal  i n s u l a t i o n  m a t e r i a l .  

E x c e l l e n t  thermal  i n s u l a t i o n  can  be achieved when t h e  c l o s e d  c e l l s  

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

by a i r .  Combined wi th  a  t empera tu re  d i f f e r e n c e  o v e r  t h e  m a t e r i a l  o r  

h i g h e r  t e m p e r a t u r e s ,  i t  can  absorb  w a t e r ,  which i n c r e a s e s  t h e  

d e g r a d a t i o n .  For bo th  t h e s e  r e a s o n s ,  50 pm t h i c k  aluminium f o i l  on 



both  s i d e s  of p o l y u r e t h a n e  s h e e t s  should  be used .  T h i s  m a t e r i a l  

should  not  t a k e  up s t r u c t u r a l  l o a d s .  Po lyure thane  should  n o t  be  

exposed t o  d a y l i g h t .  

The m a t e r i a l  has  a n  advantage i n  t h a t  t h e  use  o f  t r a n s p o r t a b l e  

machines and t u b e s  can expand t h e  m a t e r i a l  on t h e  a c t u a l  b u i l d i n g  

s i t e .  Sel f -expanding p o l y u r e t h a n e s  c a n  be  produced w i t h  open c e l l s .  

Such m a t e r i a l s  have v e r y  good a c o u s t i c  a b s o r p t i o n .  

The most common PUR foams a v a i l a b l e  today ,  which a r e  used f o r  a i r  

s e a l i n g ,  a r e  of a  s i n g l e  component t y p e .  

The main a r e a  o f  a p p l i c a t i o n  f o r  j o i n t i n g  foam, s e e n  from a  s e a l i n g  

a s p e c t ,  i s  f o r  j o i n t i n g  around c u r t a i n  w a l l  s e c t i o n s ,  windows, d o o r s ,  

e t c .  PUR foam a l s o  h a s  a  the rmal  i n s u l a t i n g  f u n c t i o n  i n  t h e  j o i n t .  

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

n o z z l e  w i t h  a  creamy c o n s i s t e n c y ,  r a p i d l y  expands up t o  15 t imes  i t s  

volume and ha rdens  d u r i n g  c o n t a c t  w i t h  m o i s t u r e  i n  t h e  a i r  o r  i n  

w a t e r .  ( P o l y u r e t h a n e  i s  a  t h e r m o s e t t i n g  p l a s t i c . )  The foam must have 

room t o  expand,  o t h e r w i s e  door  and window frames may bend and make 

opening and c l o s i n g  i m p o s s i b l e .  The ha rden ing  of  t h e  foam i s  

i n i t i a t e d  by t h e  su r round ing  m o i s t u r e .  The m a t e r i a l  i s  a lmost  

comple te ly  cured a f t e r  one day .  

Po lyure thane  foam should  n o t  be a p p l i e d  i f  t h e  t empera tu re  i s  below 

+SOC. The j o i n t  width  should  be g r e a t e r  than  7  nun f o r  t h e  j o i n t  t o  

b e  foamed. 

When t h e  foam i s  c o r r e c t l y  used ,  i t  i s  s u f f i c i e n t l y  e l a s t i c  t o  

t o l e r a t e  a movement of  510 % o f  t h e  gap wid th ,  and t h i s  must 

n a t u r a l l y  be cons ide red  when forming j o i n t s .  

As of  1st J u l y  1979, f r e o n  was banned i n  Sweden a s  a  p r o p e l l a n t  f o r  

p o l y u r e t h a n e  foam by o r d e r  o f  t h e  Swedish P r o d u c t s  C o n t r o l  Board. 

D i s p e n s a t i o n  was g r a n t e d  f o r  foam used f o r  j o i n t  s e a l i n g  i n  b u i l d i n g s .  

The i s o c y a n a t e s  i n  t h e  foam can c a u s e  a l l e r g e n i c  problems and 

p r o t e c t i o n  of  s k i n  and lungs  i s  n e c e s s a r y  d u r i n g  a p p l i c a t i o n .  

F i e l d  t r i a l s  c a r r i e d  o u t  s o  f a r  on po lyure thane  foam r e l a t e  t o  

2-component foam s i n c e  single-component foam h a s  n o t  been commercial ly 

a v a i l a b l e  f o r  a  s u f f i c i e n t  l e n g t h  o f  t ime.  I f  t h e s e  i n v e s t i g a t i o n s  

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



p o l y u r e t h a n e - i n s u l a t e d  j o i n t s  s o  t h a t  t h e  j o i n t  can be r e s e a l e d  

w i t h o u t  t o o  much work on t h e  b u i l d i n g .  The main purpose  of  t h e  German 

r e s e a r c h  p r o j e c t  h a s  been t o  a s s e s s  t h e  average  s e r v i c e  l i f e  of  

s e a l i n g  m a t e r i a l s  used i n  o l d e r  b u i l d i n g s .  S e a l i n g  m a t e r i a l  i s  a  

material  used f o r  s e a l i n g  j o i n t s  accord ing  t o  t h e  d e f i n i t i o n  i n  

German Standard D I N  18540. I n v e s t i g a t i o n s  have a l s o  been c a r r i e d  o u t  

t o  s e e  how t h e  environment a f f e c t s  t h e  l i f e  of  s e a l i n g  m a t e r i a l s .  

JOINTING COMPOUNDS 

J o i n t i n g  compound, o r  j o i n t  s e a l i n g  compounds, r e f e r  t o  p r o d u c t s  

whose main f u n c t i o n  i s  t o  produce a  s e a l a n t  and,  i n  c e r t a i n  c a s e s ,  

a n  a d h e s i v e  between c o n s t r u c t i o n  e lements .  The purpose  i s  t o  p reven t  

w a t e r ,  a i r  and i m p u r i t i e s  p e n e t r a t i n g  and p a s s i n g  th rough  t h e  j o i n t .  

S e a l i n g  compounds a r e  u s u a l l y  v i s c o u s ,  p a s t e - l i k e  compounds which 

c o n t a i n  polymer b i n d e r s ,  f i l l e r s ,  s o l v e n t s  and,  i n  c e r t a i n  c a s e s ,  

pigment.  The b i n d e r  may be based on polymers of t h e  same type  used 

i n  c e r t a i n  t h e r m o s e t t i n g  r e s i n s ,  the rmo-p las t i c s  and rubber  o r  can 

comprise  s p e c i a l  polymers.  

When j o i n t i n g  compounds a r e  used f o r  a i r  and vapour  s e a l i n g  they 

s h a l l  be a p p l i e d  i n s i d e  t h e  j o i n t ,  a s  n e a r  t o  t h e  warm s i d e  a s  

p o s s i b l e .  From t h e  p o i n t  of  view o f  wa te r  vapour t r a n s p o r t  i t  i s  

p a r t i c u l a r l y  important  t h a t  t h e  j o i n t  i s  n o t  vapour - t igh t  on t h e  

o u t s i d e  towards t h e  co ld  s i d e .  J o i n t i n g  compounds f o r  a i r  s e a l i n g  a r e  

used between f rames and w a l l s ,  where veranda s e c t i o n s  p a s s  th rough  

w a l l s  and under door  t h r e s h o l d s .  These m a t e r i a l s  can a l s o  p rov ide  a  

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

d i f f i c u l t  t o  a p p l y .  

I t  should  be noted t h a t  i t  may be d i f f i c u l t  t o  p a i n t  and w a l l p a p e r  on 

t o p  of  c e r t a i n  t y p e s  of j o i n t i n g  compound. 

Other  s e a l i n g  a p p l i c a t i o n s  r e q u i r e  j o i n t i n g  compounds w i t h  d i f f e r e n t  

c h a r a c t e r i s t i c s  w i t h  regard  t o  forming p r o p e r t i e s ,  i . e .  g r e a t e r  o r  

l e s s e r  e l a s t i c i t y  ( r u b b e r - l i k e  c h a r a c t e r i s t i c s )  o r  p l a s t i c i t y  (wi th  

r e s i d u a l  de fo rmat ion  a f t e r  l o a d i n g ) .  The m a n u f a c t u r e r s  of e l a s t i c  

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

a l lowed a f t e r  compress ion,  wi thou t  r e s i d u a l  de fo rmat ion ,  t o  a t  l e a s t  

25 p e r  c e n t .  T h i s  i s  of p a r t i c u l a r  importance f o r  t h e  c o n s t r u c t i o n  

and forming of t h e  j o i n t .  



Many y e a r s  e x p e r i e n c e  o f  o t h e r  p u t t y - l i k e  s e a l i n g  m a t e r i a l s  and 

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

l i v e s  of t h e s e  m a t e r i a l s  a r e  s h o r t .  The i n v e s t i g a t i o n s  r e f e r r e d  t o  

r e l a t e  p r i m a r i l y  t o  s e a l i n g  m a t e r i a l s  around windows and i n  j o i n t s  

between o u t e r  wa l l  e lements  where t h e  j o i n t  s e a l i n g  m a t e r i a l  i s  

a p p l i e d  nea r  t o  t h e  o u t s i d e  and which can  t h u s  be  a f f e c t e d  by t h e  

outdoor  c l i m a t e .  J o i n t i n g  ( a i r t i g h t e n i n g )  i s  o f t e n  b e s t  c a r r i e d  out  

on t h e  s t r u c t u r e ' s  i n n e r  s u r f a c e s  where t h e  j o i n t  s e a l i n g  m a t e r i a l  

i s  b e t t e r  p r o t e c t e d .  I n  such c a s e s ,  t h e  s e r v i c e  l i f e  o f  t h e  j o i n t  

s e a l i n g  m a t e r i a l  can be longer  t h a n  t h a t  i n d i c a t e d  i n  T a b l e  A8.1. 

D u r a b i l i t y  and age ing  i n  s e a l i n g  compounds h a s  a l s o  been s t u d i e d  by 

Burstrbm (8 ) .  He t r e a t s  t h e  fundamental  age ing  f a c t o r s '  e f f e c t s  on 

t h e  de fo rmat ion  c h a r a c t e r i s t i c s  of j o i n t i n g  compounds. The ageing 

f a c t o r s  i n v e s t i g a t e d  a r e  t empera tu re ,  m o i s t u r e ,  a l k a l i s ,  U V  l i g h t  

and ozone. Fur thermore ,  t h e  e f f e c t  of n a t u r a l  a g e i n g ,  i . e .  t h e  

e f f e c t  of a  n a t u r a l  c l i m a t e ,  i n  combinat ion w i t h  fo rced  j o i n t  width  

v a r i a t i o n s ,  h a s  been s t u d i e d .  

BurstrSm s t a t e s  q u i t e  c l e a r l y  t h a t  knowledge o f  t h e  age ing  p r o p e r t i e s  

of j o i n t i n g  compounds i s  ve ry  l i m i t e d .  Bearing t h i s  i n  mind, 

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

j o i n t i n g  work. The a d v i c e  r e f e r s  p r i m a r i l y  t o  e x t e r n a l  j o i n t s  but i s  

e q u a l l y  r e l e v a n t  t o  i n t e r n a l  j o i n t s  which p r i m a r i l y  have a n  a i r  

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

A r e l a t i v e l y  popu la r  butyl -based j o i n t i n g  compound used i n  Canada f o r  

s e a l i n g  j o i n t s  i n  p l a s t i c  f i l m  i s  known a s  "Acous t i ca l  s e a l a n t " .  I t  

does  no t  s o l i d i f y  and i s  r e l a t i v e l y  cheap t o  buy. The e f f e c t s  of 

age ing  a r e  unknown. 

TAP E S 

With t h e  t a p e  m a t e r i a l s  c u r r e n t l y  a v a i l a b l e ,  i t  i s  i n a d v i s a b l e  t o  u s e  

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

t h e  b u i l d i n g  must be covered and h e a t e d .  Compare w i t h  t h e  requ i rements  

f o r  h e a t i n g  when u s i n g  po lyure thane  foam o r  when l a y i n g  c o n c r e t e ,  

e t c . ,  d u r i n g  t h e  w i n t e r .  

A s  y e t ,  i n s u f f i c i e n t  documented e x p e r i e n c e  on j o i n t  t a p i n g  i s  

a v a i l a b l e .  The s e r v i c e  l i f e  o f  a  j o i n t  canno t  be determined w i t h  any 



conf idence .  It would appear  t h e r e f o r e  t h a t ,  wherever p o s s i b l e ,  a n  

o v e r l a p  and clamped j o i n t s  i n  combinat ion w i t h  a  s e a l a n t  should  be  

used t o  a c h i e v e  a i r t i g h t n e s s .  Taping should  o n l y  be used a s  a n  a i d  t o  

i n s t a l l a t i o n .  Exper ience  has  shown t h a t  t a p e d  j o i n t s  do no t  p rov ide  

permanent a i r t i g h t n e s s  even when t h e  work was done we l l  from t h e  

beg inn ing .  Bearing i n  mind t h e  d i f f i c u l t i e s  of making j o i n t s  t i g h t ,  

p l a s t i c  f i l m  work should  be planned v e r y  c a r e f u l l y  and a l l  j o i n t s  

should  be i n d i c a t e d  on drawings .  

There a r e ,  however, s i t u a t i o n s ,  f o r  example t e a r s  i n  f i l m ,  where t a p e  

i s  t h e  on ly  p r a c t i c a l  c h o i c e  o n  a  b u i l d i n g  s i t e .  Work i s  c u r r e n t l y  

i n  p r o g r e s s  on producing d u r a b l e  t a p e s  and t a p e  adhes ive  which can be 

used w i t h  p o l y e t h y l e n e  f i l m .  

A8.3 Thermal insulation 

Many d i f f e r e n t  m a t e r i a l s  a r e  used f o r  thermal  i n s u l a t i o n .  The 

fo l lowing  g i v e s  a  summary of t h e  m a t e r i a l s  used f o r  the rmal  i n s u l a t i o n  

i n  b u i l d i n g s .  The thermal  i n s u l a t i o n  p r o p e r t i e s  of the  d i f f e r e n t  

m a t e r i a l s  a r e  g iven  i n  Tab le  A 8 . 3 .  

MINERAL WOOL 

Mineral  wool ( g l a s s  f i b r e  o r  rockwool)  i s  c u r r e n t l y  a  v e r y  common 

thermal  i n s u l a t i o n  m a t e r i a l .  I t  i s  necessa ry  t o  s e l e c t  t h e  c o r r e c t  

minera l  wool product  f o r  t h e  p a r t i c u l a r  a p p l i c a t i o n .  M a t e r i a l  

m a n u f a c t u r e r s  have a  wide range o f  p r o d u c t s  whose a r e a s  of a p p l i c a t i o n  

a r e  v e r y  s p e c i f i c .  I n  g e n e r a l ,  manufac tu re r s  supply  adequate  

i n s t r u c t i o n s  on how and where a  r e s p e c t i v e  product  i s  t o  be used .  

I n  t imber  frame w a l l s ,  a  r e l a t i v e l y  p e r v i o u s  m i n e r a l  wool p roduc t  i s  

used which, i n  o r d e r  t o  f u n c t i o n  c o r r e c t l y ,  must comple te ly  f i l l  t h e  

space  between t h e  c o n t a i n i n g  s u r f a c e .  Gaps and c r a c k s  cannot  be 

t o l e r a t e d  s i n c e  t h e  i n s u l a t i o n  e f f e c t  can be s e v e r e l y  j eopard ized  

through convec t ion  and a i r  movement. Fur thermore ,  m i n e r a l  wool 

p r o d u c t s  of t h i s  type  r e q u i r e  adequa te  wind p r o t e c t i o n  on e x t e r n a l  

s u r f a c e s  and a n  a i r - s e a l i n g  l a y e r  on t h e  i n t e r n a l  s u r f a c e  i n  o r d e r  

t o  f u n c t i o n  a s  in tended ( s e e  Chapter  A 2 ) .  

I n  c e r t a i n  t y p e s  of timber-framed w a l l s ,  more r i g i d  m i n e r a l  wool 

s l a b s  wi th  low p e r v i o u s n e s s  a r e  used and a r e  a p p l i e d  d i r e c t l y  t o  t h e  

o u t s i d e  of t h e  framework. S u f f i c i e n t  wind p r o t e c t i o n  i s  achieved f o r  

t h e s e  w a l l s  w i t h  glued-on p a p e r ,  a f f i x e d  t o  the  i n s i d e  of  t h e  s l a b s  
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Mat e r  i a l  D e n s i t y  Thermal c o n d u c t i v i t y  
f o r  p r a c t i c a l  use  

G l a s s  f i b r e :  
b a t  t s  

g r a n u l a t e d  

Rockwoo l : 
b a t t s  

g r a n u l a t e d  

P o l y s t y r e n e :  
e x t  ruded 
( w i t h  s k i n  and f r e o n )  3  2 

expanded 

Po lyure thanes  30-40 0 . 0 3 5 ~  

UF foam 7-14 0.07' 

C e l l u l o s e  f i b r e  30-50 0.065' 

Foamglass 150-200 0.055 

Wood c h i p s  and shav ings  100-220 0 .08  

f o r  example. S p e c i a l  wind p r o t e c t i o n  on r i g i d  m i n e r a l  wool s l a b s  i s  

no t  needed on t h e  o u t s i d e .  T h i s  type  of  i n s u l a t i o n  - r i g i d  s l a b s  - 

can  a l s o  be used a g a i n s t  a  c o n c r e t e  wa l l  f o r  example and no s p e c i a l  

wind p r o t e c t i o n  i s  n e c e s s a r y  a p a r t  from normal e x t e r n a l  c l a d d i n g .  I n  

a l l  t h e s e  d e s i g n  a l t e r n a t i v e s ,  i t  i s  assumed t h a t  t h e r e  i s  an 

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

p r o t e c t  t h e  m i n e r a l  wool from d i r e c t  wind l o a d .  

I n  t h e  c a s e  of a t t i c  j o i s t  sys tems t h e r e  a r e  s e v e r a l  p r o d u c t s  a p a r t  

from m i n e r a l  wool s l a b s  t o  choose from, bo th  i n  t h e  form of l e n g t h s  



of m a t e r i a l  whose dimensions  a r e  adap ted  t o  roof  t r u s s  s p a c i n g  of 

1200 mm and j o i s t  s t r u c t u r e  m a t t i n g  w i t h  paper  g lued  on a s  wind 

p r o t e c t i o n .  "Blown in"  m i n e r a l  wool could  a l s o  be used a s  a t t i c  

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

f o r  a p p l i c a t i o n  t o  t h e  i n s i d e  of r o o f s  which w i l l  make i t  p o s s i b l e  

t o  c a r r y  o u t  t h e  i n s u l a t i o n  work a f t e r  t h e  e x t e r n a l  roof  h a s  been 

e r e c t e d .  

POLYURETHANE FOAM 

Polyure thane  p l a s t i c  i s  a v a i l a b l e  bo th  a s  s h e e t s  and foam. The 

m a t e r i a l  i s  t h e  same a s  t h a t  d e s c r i b e d  i n  S e c t i o n  A8.2. 

UREA FORMALDEHYDE FOAM 

T h i s  m a t e r i a l  i s  used p r i m a r i l y  a s  the rmal  i n s u l a t i o n  f o r  i n j e c t i o n  

i n t o  o l d e r  e x i s t i n g  w a l l s .  I t  i s  n o t  a i r s e a l i n g .  When c u r i n g ,  water  

i s  e m i t t e d  which must be t aken  i n t o  c o n s i d e r a t i o n .  I t  should  

t h e r e f o r e  n o t  be i n j e c t e d  between v a p o u r - t i g h t  m a t e r i a l s .  As t h e  

wa te r  i s  e m i t t e d  t h e  m a t e r i a l  normal ly  s h r i n k s  by about 3-10 p e r  c e n t  

d u r i n g  t h e  f i r s t  months.  The q u a l i t y  of m a t e r i a l  i s  v e r y  dependent on 

t h e  mix which e x p l a i n s  t h e  wide v a r i a n c e  i n  sh r inkage .  T h i s  m a t e r i a l  

h a s  been used f o r  a  long  t i m e  i n  Germany and Sweden. 

Owing t o  formaldehyde emiss ion ,  t h e  m a t e r i a l  i s  p r o h i b i t e d  i n  Canada 

and t h e  Uni ted  S t a t e s .  C o n t r o l  of formaldehyde c o n t e n t s  t a k e s  p l a c e  

i n  The Ne ther lands  and Uni ted  Kingdom. The m a t e r i a l  should  no t  be 

exposed t o  s u n l i g h t .  

POLYSTYRENE 

S h e e t s  of p r i m a r i l y  expanded and ex t ruded  p o l y s t y r e n e  c e l l u l a r  

p l a s t i c  a r e  used today  f o r  r o o f ,  f o u n d a t i o n  and e x t e r n a l  w a l l  

i n s u l a t i o n .  Good p r o p e r t i e s  of  t h e s e  m a t e r i a l s  a r e ,  a p a r t  from t h e i r  

the rmal  c o n d u c t i v i t y ,  t h e i r  mechanical  s t r e n g t h  and i n s e n s i t i v i t y  t o  

m o i s t u r e .  

Owing t o  low e l a s t i c i t y  of t h e  m a t e r i a l  it i s  n o t  s u i t a b l e  f o r  use  

between wood s t u d s .  Extruded p o l y s t y r e n e  s h e e t s  a r e  used i n  Canada 

and t h e  United S t a t e s  a s  the rmal  i n s u l a t i o n  on t h e  o u t s i d e  of t imber  

frames i n  t h e  same way a s  r i g i d  m i n e r a l  wool s l a b s  i n  Sweden. No 

e x t r a  wind p r o t e c t i o n  is then  needed.  



CORK 

Cork i s  a  n a t u r a l  p roduc t  from t h e  bark  of  t h e  cork  oak.  Board i s  

o b t a i n e d  by cooking c o r k  g r a n u l e s  a t  a  t empera tu re  of  3 0 0 ~ ~  under 

p r e s s u r e .  

The thermal  c o n d u c t i v i t y  of corkboard i s  somewhat h i g h e r  t h a n  f o r  

m i n e r a l  f i b r e .  A s  p o l y s t y r e n e  s h e e t s ,  due t o  i t s  low e l a s t i c i t y ,  i t  

i s  no t  s u i t a b l e  f o r  u s e  between wood s t u d s .  I t  i s  used e s p e c i a l l y  a s  

roof  i n s u l a t i o n  and i n s u l a t i o n  of  co ld  s t o r a g e .  

F ILLER MATERIAL 

Many t y p e s  of i n s u l a t i o n  m a t e r i a l  a r e  used f o r  l o o s e  o r  packed f i l l e r  

i n  c a v i t i e s  between j o i s t s  i n  roof j o i s t  s t r u c t u r e s  and gaps  i n  

e x t e r n a l  w a l l s .  The f o l l o w i n g  g i v e s  a  few b r i e f  examples of m a t e r i a l s  

a v a i l a b l e .  

Minera l  wool i n  l o o s e  form which i s  sprayed i n  h a s  a l r e a d y  been 

d i s c u s s e d  i n  t h i s  s e c t i o n .  

Res idua l  m a t e r i a l  from f o r e s t r y  work ( s h a v i n g s )  i s  used i n  c o u n t r i e s  

w i t h  e x t e n s i v e  wood i n d u s t r i e s .  

Cork g r a n u l e s  c a n  be used bu t  a r e  d i f f i c u l t  t o  o b t a i n  i n  some r e g i o n s .  

A cheap f i l l e r  m a t e r i a l  used i n  t h e  Uni ted  S t a t e s  and Canada i s  

c e l l u l o s e  f i b r e ;  o l d  newspapers shredded i n t o  smal l  p i e c e s  and 

s t a b i l i z e d  a g a i n s t  f i r e .  When used i n  s l o p i n g  r o o f s  o r  w a l l s ,  t h e  

f i b r e  s e t t l e s  by about 10 p e r  c e n t .  

S e t t l i n g  can  be avoided t o  a  g r e a t  e x t e n t  by p l a c i n g  t h e  f i b r e  under 

p r e s s u r e  which i n c r e a s e s  t h e  d e n s i t y .  

CELLULAR CONCRETE 

C e l l u l a r  c o n c r e t e  i s  a  m a t e r i a l  which i s  bo th  load-bear ing and 

t h e r m a l l y  i n s u l a t i n g .  E x t e r n a l  w a l l s  made s o l e l y  of  c e l l u l a r  c o n c r e t e  

would have t o  be v e r y  t h i c k  t o  meet Sweden's i n s u l a t i o n  s t a n d a r d s .  

S e c t i o n s  known a s  l i g h t  e l ements  w i t h  p o l y s t y r e n e  enc losed  i n  a  

c o a t i n g  of  c e l l u l a r  c o n c r e t e  a r e ,  however, used f o r  e x t e r n a l  w a l l s  

where t h e  demands f o r  load-bear ing  a r e  s m a l l .  The m a t e r i a l  i t s e l f  i s  

n o t  s e n s i t i v e  t o  wind and a i r  movements. 



hrIND PROTECT I O N  

I n s u l a t i o n  m a t e r i a l  w i t h  h igh  a i r  p e r v i o u s n e s s  r e q u i r e s  good 

p r o t e c t i o n  a g a i n s t  wind and blow-through t o  f u n c t i o n  a s  i n t e n d e d .  

The main purpose  o f  wind p r o t e c t i o n  i s  t o  p reven t  a i r  movements which 

c a n  impa i r  i n s u l a t i o n  e f f i c i e n c y  i n  w a l l s  and f l o o r  s t r u c t u r e s .  Paper  

o r  s h e e t  m a t e r i a l s  a r e  used a s  wind p r o t e c t i o n  i n  wooden c o n s t r u c t i o n s .  

Both paper  by i t s e l f  and paper  s t u c k  t o  d i f f e r e n t  t y p e s  of  m i n e r a l  

wool, such a s  r i g i d  m i n e r a l  wool s l a b s  and m i n e r a l  wool m a t t i n g ,  a r e  

u s e d .  

Wind p r o t e c t i o n  i n  t h e  form of paper  should  be a p p l i e d  s o  t h a t  t h e  

j o i n t s  o v e r l a p .  The paper  should  be s e c u r e l y  f i x e d  s o  t h a t  i t  i s  n o t  

d i s t u r b e d  by a i r  movement. 

Paper g lued  t o  s l a b s  of m i n e r a l  wool in tended  f o r  u s e  on w a l l s  i s  

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

method, t h e  paper  i s  s u b j e c t  t o  l e s s  r i s k  of damage t h a n  where l o o s e  

paper  i s  used and wind p r o t e c t i o n  i s  improved. 

J o i n t s  must be formed c o r r e c t l y  f o r  t h e  wind p r o t e c t i o n  t o  f u n c t i o n  

s a t i s f a c t o r i l y  a t  t h e  j u n c t i o n  o f  w a l l s  and j o i s t  sys tems.  c o n t i n u i t y  

between t h e  w a l l ' s  and t h e  j o i s t ' s  wind p r o t e c t i o n  i s  of c o n s i d e r a b l e  

importance .  

The d i f f e r e n t  t y p e s  of  s h e e t  m a t e r i a l s  which can  be used f o r  wind 

p r o t e c t i o n  a r e  wood f i b r e  s h e e t s ,  b o t h  asphal t - impregnated p a r t i c l e  

boards  and oi l - tempered hardboard s h e e t s .  Fur thermore ,  a  s p e c i a l  

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

I t  i s  impor tan t  t o  j o i n  t h e  s h e e t s  i n  t h e  middle  of wooden framework 

members and t h e  d i s t a n c e  between n a i l s  must be t h a t  recommended. When 

n a i l i n g  s h e e t s  o u t d o o r s ,  h o t  ga lvan ized  w i r e  n a i l s  w i t h  l a r g e  heads  

should  be used .  

Sheet  m a t e r i a l  wi th  a  wind-pro tec t ing  f u n c t i o n  would appear  t o  be 

l e s s  s e n s i t i v e  than  paper  t o  c l i m a t i c  l o a d s  d u r i n g  t h e  b u i l d i n g  

p e r i o d .  Damage from c a r e l e s s  h a n d l i n g  d u r i n g  b u i l d i n g  i s  minimal and 

c a n  o f t e n  be r e p a i r e d  on t h e  s p o t .  I t  i s ,  however, v e r y  impor tan t  t o  

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

r e s i s t a n t .  A c o n s i d e r a b l e  p e r i o d  of  t ime can  e l a p s e  b e f o r e  f a c a d e  



c l a d d i n g  i s  a p p l i e d  t o  a  b u i l d i n g  and d u r i n g  t h i s  pe r iod  e x t e n s i v e  

d e f o r m a t i o n  can  occur  i n  c e r t a i n  t y p e s  of s h e e t  m a t e r i a l .  U n s u i t a b l e  

o r  i n c o r r e c t  a p p l i c a t i o n  o f  s h e e t s  can a l s o  c o n t r i b u t e  t o  a n  i n f e r i o r  

r e s u l t  . 

Summarizing, t h e  c o n d i t i o n s  f o r  a t t a i n i n g  good thermal  i n s u l a t i o n  i n  

a  c o n s t r u c t i o n  a r e :  

o a  c a r e f u l l y  cons ide red  c o n s t r u c t i o n a l  d e s i g n  w i t h  
comprehensive drawings  

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

o s u i t a b l e  c h o i c e  o f  m a t e r i a l s  - nowadays t h e r e  a r e  i n s u l a t i o n  
p r o d u c t s  which a r e  t a i l o r - m a d e  f o r  p r a c t i c a l l y  every  purpose  
and which f a c i l i t a t e  s a t i s f a c t o r y  work on s i t e  

o s u i t a b l e  p r o t e c t i o n  of  i n s u l a t i n g  m a t e r i a l  from wind and 
m o i s t u r e  

o s u i t a b l e  method o f  working - t h e  work p rocedure  should  be  
cons ide red  and i n d i c a t e d ,  a s  should t h e  method £0; i n s u l a t i o n  
work, a t  t h e  drawing and p l a n n i n g  s t a g e s  

o t r a i n i n g  and i n f o r m a t i o n  - o n l y  p roper  knowledge of  how 
i n s u l a t i o n  f u n c t i o n s  can  c r e a t e  t h e  r i g h t  c o n d i t i o n s  f o r  
s a t i s f a c t o r y  work i n  p r a c t i c e .  
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A 9 BUILD ING DESIGN SOLUTIONS OF SPEC IAL D E T A I L S  

With r e g a r d  t o  a i r t i g h t n e s s ,  l i g h t w e i g h t  t y p e s  of  c o n s t r u c t i o n s  

(wooden c o n s t r u c t i o n s ,  p r e f a b r i c a t e d  l i g h t w e i g h t  e l ements ,  e t c . )  

p r e s e n t  many more problems t h a n  do mass ive  t y p e s  of c o n s t r u c t i o n s  

( b r i c k  w a l l s ,  s i t e - m i x e d  c o n c r e t e ,  e t c . ) .  However, a l l  c o n n e c t i o n s ,  

j o i n t s  and seams a r e  c r i t i c a l ,  r e g a r d l e s s  of t h e  c o n s t r u c t i o n  

s t y l e ;  s e e  F i g u r e  A9.1. 

Joints between 
%wall and ceiling Ceiling Joints interior Plumbing Chimney and 

light at attic partitions stock penetrat ion k i  t h e n  

I windws 
f I xtures hatch penetration of c ~ i  ling vents 

4 Cracks -c of cei l i ng 
Vapour barrier at doors 

* tears o 
Electrical boxes 

L Joints between si l l  and tloor 

Joints between joists and basement - 
Floor drain 
(air enters 
through 
weeping t i le) 

I I U 

Figure A 9 . 1 .  Air leakage p t h s  (example from Canada). 

It i s  impor tan t  t o  pay a t t e n t i o n  t o  t h e  f a c t  t h a t  j o i n t s  can  deve lop  

a s  a  consequence of s t r a i n  (de fo rmat ion)  i n  t h e  c o n s t r u c t i o n .  

Sometimes i t  i s  d i f f i c u l t  t o  s e a l  such j o i n t s  permanent ly .  For t h i s  

r e a s o n ,  w e l l - f i t t i n g  j o i n t  pack ings  must be used t h a t  c a n  f u l f i l  
X 

t h e i r  f u n c t i o n  even w i t h  r e l a t i v e  l a r g e  movements i n  t h e  c o n s t r u c t i o n .  

X I n  t h i s  handbook we j u s t  d e s c r i b e  t h e  c o n s t r u c t i o n a l  problems bu t  
no t  t h e  problems concern ing  t h e  i n s t a l l a t i o n s  o r  t h e  u s e r ' s  
behaviour  (duc ted  v e n t i l a t i o n  i n  toilet/bathroom/kitchen, opened 
windows, s t a c k  e f f e c t  i n  chimneys) .  



A c o n s t r u c t i o n  must be des igned  i n  such a  way t h a t  s a t i s f a c t o r y  

the rmal  i n s u l a t i o n  and a i r t i g h t n e s s  can be ach ieved .  T h i s  i s  

e s p e c i a l l y  t r u e  i n  v iew o f  p r e s e n t  working methods and a s s o c i a t e d  

r a p i d  i n s t a l l a t i o n  r a t e s .  It  i s  d e s i r a b l e  t h a t  w e l l - t r i e d  and t e s t e d  

c o n s t r u c t i o n s  should  be  used i n  o r d e r  t o  avoid  making c o s t l y  e r r o r s .  

C e r t a i n  c o n s t r u c t i o n s  have been found t o  have a  h i g h  f requency  of 

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

I n  c o n s t r u c t i o n s  which i n c o r p o r a t e  s l a t t e d  p a n e l s  i n  f l o o r s  and w a l l s  

( a t t i c  w a l l s ) ,  i t  h a s  been found t h a t  t h e  vapour b a r r i e r  i s  o f t e n  

p l a c e d  between t h e  s l a t t e d  pane l  and t h e  o u t e r  s k i n .  With t h i s  d e s i g n  

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

a long  t h e  d u c t s  formed between t h e  boards  i n  t h e  s l a t t e d  p a n e l .  

I n v e s t i g a t i o n s  have shown t h a t  t h e  thermal  i n s u l a t i o n  h a s  a  more 

s a t i s f a c t o r y  performance i f  t h e  vapour b a r r i e r  i s  p laced  d i r e c t l y  

a g a i n s t  t h e  thermal  i n s u l a t i o n  m a t e r i a l .  

I n  s i n g l e - f a m i l y  houses  w i t h  a  h a b i t a b l e  a t t i c  s t o r e y ,  a i r  o f t e n  

l e a k s  i n t o  t h e  a t t i c  w a l l  c o n s t r u c t i o n  a t  t h e  c o r n e r s ,  p a r t i c u l a r l y  

i f  t h e r e  i s  a  s l a t t e d  panel  on t h e  i n s i d e  of  t h e  the rmal  i n s u l a t i o n .  

I n  t h i s  t y p e  of c o n s t r u c t i o n ,  i t  i s  impor tan t  t h a t  j u n c t i o n s  a t  

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

w a l l s  should  be provided w i t h  a  s a t i s f a c t o r y  windproof l a y e r  on t h e  

o u t s i d e .  The j u n c t i o n  w i t h  t h e  f l o o r  c o n s t r u c t i o n  must be made w i t h  

g r e a t  c a r e .  D e f e c t s  a l s o  occur  a t  t h e  j u c t i o n  between t h e  a t t i c  w a l l  

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

i n  e n s u r i n g  complete  a i r t i g h t n e s s  and p roper  p l a c i n g  of t h e  

i n s u l a t i o n  m a t e r i a l  a t  t h i s  p o i n t .  

Leakage of  a i r  th rough  improper ly  s e a l e d  j o i n t s  and j u n c t i o n s  o f t e n  

o c c u r s .  I n  d e s i g n i n g  c o n s t r u c t i o n a l  d e t a i l s  of  t h i s  t y p e ,  c a r e  must 

be  t aken  t o  e n s u r e  t h a t  a  s u f f i c i e n t  gap i s  p rov ided ,  s o  t h a t  

e f f e c t i v e  s e a l i n g  of t h e  j o i n t  can be  c a r r i e d  o u t .  I t  has  been found 

t h a t  a  j o i n t  wid th  of 1 5  '5 mm i s  a p p r o p r i a t e .  

I n  s e a l i n g  j o i n t s ,  t h e  c h o i c e  of m a t e r i a l  i s  of g r e a t  importance  f o r  

t h e  performance of  t h e  s e a l .  C e r t a i n  t y p e s  of m a t e r i a l  a r e  u n s u i t a b l e  

w i t h  r e g a r d  t o  bo th  performance and workmanship. 

E l e c t r i c a l  i n s t a l l a t i o n s  and h o l e s  f o r  p i p e s  p a s s i n g  th rough  t h e  

c o n s t r u c t i o n  o f t e n  g i v e  r i s e  t o  problems w i t h  r e g a r d  t o  t h e  

i n s u l a t i o n  and a i r t i g h t n e s s  performance.  A i r  movements o f t e n  occur 



both  i n  t h e  c o n d u i t s  provided f o r  e l e c t r i c a l  c a b l e s ,  and i n  t h e  d u c t s  

formed between t h e  c o n d u i t s  and t h e  i n s u l a t i o n  m a t e r i a l .  E l e c t r i c a l  

c a b l e s  l a i d  i n  t h e  v i c i n i t y  of t h e  eaves  a r e  p a r t i c u l a r l y  s e n s i t i v e .  

I n  c a s e s  where e l e c t r i c a l  i n s t a l l a t i o n s  have been p laced  not  i n  t h e  

e x t e r n a l  wa l l  but i n  a n  i n n e r  w a l l ,  t h e  i n s u l a t i o n  and a i r t i g h t n e s s  

performance h a s  g e n e r a l l y  been b e t t e r .  

Unt ra ined  pe r sonne l  a r e  sometimes employed f o r  t h e  i n s t a l l a t i o n  of 

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

i n f e r i o r  workmanship owing t o  l a c k  of knowledge about  t h e  performance 

and p r o p e r t i e s  of t h e  d i f f e r e n t  m a t e r i a l s  and how t o  i n s t a l l  them 

p r o p e r l y .  Those engaged on i n s u l a t i o n  and a i r t i g h t n e s s  work must 

know which a r e  t h e  " s e n s i t i v e "  p a r t s  of  t h e  c o n s t r u c t i o n ,  and must 

a l s o  know what purpose  t h e  d i f f e r e n t  l a y e r s  of m a t e r i a l  i n  t h e  

c o n s t r u c t i o n  perform.  T r a i n i n g  and i n f o r m a t i o n  a r e  f a c t o r s  of  g r e a t  

importance  i n  t h i s  r e s p e c t .  

The c a u s e s  of a i r  l eakage  can  be summarized a s  f o l l o w s :  

d e f i c i e n c i e s  i n  t h e  b u i l d i n g  c o n s t r u c t i o n  methods,  
incomplete  drawings  o r  drawing documentat ion no t  thought  out  

u n s u i t a b l e  p o s i t i o n i n g  and l a y o u t  of  p i p e s  and i n s t a l l a t i o n s ,  
f o r  i n s t a n c e ,  e l e c t r i c  c o n d u i t s  and h o l e s  f o r  p i p e s  th rough  
t h e  c o n s t r u c t i o n  

0 u n s u i t a b l e  c h o i c e  of  m a t e r i a l  

o u n s u i t a b l e  working methods and p r o c e d u r e s .  

I n  t h e  f o l l o w i n g  examples of b u i l d i n g  d e s i g n  s o l u t i o n s  o f  some 

f r e q u e n t  d e t a i l s  a r e  g iven .  

A 9  .l J o i n t s  between vapour b a r r i e r  sheets 

A major  p o t e n t i a l  l e a k a g e  a r e a  w i t h  most vapour  b a r r i e r  i n s t a l l a t i o n s  

o c c u r s  a t  t h e  j o i n t s  between vapour b a r r i e r  s h e e t s .  A number of 

t e c h n i q u e s  have been sugges ted  f o r  p r o v i d i n g  a n  a i r t i g h t  s e a l  between 

t h e  s h e e t s .  These i n c l u d e :  

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

b  t a p i n g  t h e  s h e e t s  t o g e t h e r  

c > o v e r l a p p i n g  t h e  s h e e t s  



d )  p r o v i d i n g  a  doub le  f o l d  seam 

e)  welding t h e  s h e e t s  t o g e t h e r .  

Bearing i n  mind t h e  d i f f i c u l t i e s  i n  making j o i n t s  a i r t i g h t ,  p l a s t i c  

f i l m  work should  be  planned v e r y  c a r e f u l l y  and a l l  j o i n t s  should  be 

i n d i c a t e d  on t h e  d rawings .  

CAULKING OR GLUING THE SHEETS TOGETHER 

T h i s  method h a s  been popu la r i zed  i n  r e c e n t  Canadian p u b l i c a t i o n s  

(1 .2) .  With t h i s  approach,  a  non-hardening,  modera te ly  p r i c e d ,  b u t y l -  

based c a u l k i n g  m a t e r i a l  c a l l e d  " a c o u s t i c a l  s e a l a n t "  i s  used t o  j o i n  

t h e  s h e e t s .  The sequence i s  shown i n  F i g u r e  A 9 . 2 .  According t o  t h i s  

approach t h e r e  a r e  t h r e e  e s s e n t i a l s  needed f o r  a  good vapour b a r r i e r  

s e a l :  

bead o f  acous t i ca l  sealant  ap le  150 micrometre b )  Place a 
( 6  m i l )  vapour barr i e r  over top o f  vapour barr i e r ,  ensuring 
t o  s tuds  and p la t e s  that the  sealant  i s  continuous and 

i n  Line m t h  the  stud 

inuous bead of 
stical s e a l a n t  

eet 
u s t i -  

barrier sheet 

C )  OOerlap second vapour barr i e r  d )  Cover vapour barr i e r  w i t h  r i g i d  
shee t  (always j o i n  t h e  vapour materia l (p las terboard ,  
barr i e r  over a s o l i d  backing wal lboard, e t c .  l 
such a s  a s t u d )  

Figure A9.2 .  Technique for joining vapour barr i e r  shee t s  on m 2 1  
studs ( i n s u l a t i o n  not  s b w n )  . 



a )  a  s o l i d  backing m a t e r i a l  a t  t h e  i n t e r f a c e  between t h e  two 
s h e e t s  

b  a  con t inuous  bead of  t h e  s e a l a n t  m a t e r i a l  

c  1 a r i g i d  c o v e r i n g  m a t e r i a l  t o  w i t h s t a n d  windforces  which 
can  p u l l  t h e  s h e e t s  a p a r t .  

TAPING TIE SHEETS TOGETHER 

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

p l a s t i c  f i l m s  d u r i n g  humid o r  c o l d  c o n d i t i o n s .  I f  t a p i n g  h a s  t o  be 

c a r r i e d  o u t  t h e  b u i l d i n g s  must be covered and h e a t e d .  

As y e t ,  i n s u f f i c i e n t  documented e x p e r i e n c e  on j o i n t  t a p i n g  i s  

a v a i l a b l e .  The s e r v i c e  l i f e  of  a  taped j o i n t  canno t  be  determined 

w i t h  any c o n f i d e n c e .  It would appear  t h e r e f o r e  t h a t ,  wherever 

p o s s i b l e ,  a n  o v e r l a p  of  a t  l e a s t  200 m and clamped j o i n t s  should  

b e  used t o  a c h i e v e  a i r t i g h t n e s s .  Taping should  o n l y  be used a s  a n  

a i d  t o  mounting.  Exper ience  h a s  shown t h a t  t aped  j o i n t s  do no t  

p r o v i d e  permanent a i r t i g h t n e s s  even i f , t h e  work was we l l  done a t  

t h e  beg inn ing .  

OVERLAPPING THE SHEETS 

T h i s  method i s  d e s c r i b e d  i n  Ref .  ( 3 ) .  With t h i s  approach t h e  

recommended t e c h n i q u e  i s  t o  o v e r l a p  t h e  vapour b a r r i e r  on f raming 

space  ( u s u a l l y  400 o r  600 mm).  No ment ion i s  made i n  t h e  p u b l i c a t  

of t h e  e f f e c t i v e n e s s  of t h i s  t e c h n i q u e  under f i e l d  c o n d i t i o n s .  I n  

Sweden a n  o v e r l a p p i n g  of a t  lea.st  200 mm i s  recommended and a  s o l  

backing m a t e r i a l  ( s t u d s )  behind t h e  o v e r l a p p i n g  ( 4 ) .  

PROVIDING A DOUBLE FOLD SEAM 

i o n  

id  

T h i s  t e c h n i q u e  i s  shown i n  Ref .  ( 5 )  and reproduced i n  F i g u r e  A9.3. 

No mention i s  made i n  t h e  b o o k l e t  of t h e  e f f e c t i v e n e s s  of t h e  

t echn ique  under f i e l d  c o n d i t i o n s .  



Figure AS. 3. 

Tcc hnique for joining vapolw barr i e r  
sheeto a t  a corner using a double 
fo Id. 

WELDING SHEETS TOGETHER 

Welding p l a s t i c  f i l m s  t o g e t h e r  i s  a method t h a t  i s  coming i n t o  u s e  i n  

Sweden and Norway. S p e c i a l  equipment h a s  been developed which p e r m i t s  

welding i n  a l l  c l i m a t e s  - even i n  co ld  o r  r a i n y  wea the r .  I n  t h i s  

method t h e  edges  of t h e  p l a s t i c  f i l m s  a r e  fo lded  t o g e t h e r .  With 

s p e c i a l  equipment t h e  f i l m s  a r e  hea ted  and welded t o g e t h e r .  (See  

F i g u r e  A 9 . 4 . )  The method has  been used p r i m a r i l y  f o r  i n d u s t r i a l  r o o f s  

where e x t r a  h igh  demands a r e  made on a i r t i g h t n e s s  t o  avo id  m o i s t u r e  

problems.  R e c e n t l y ,  t h e  method h a s  a l s o  been a p p l i e d  t o  t imber  house  

c o n s t r u c t i o n s .  Welding p r o v i d e s  a n  a i r t i g h t  seam which i s  c o n s i d e r e d  

t o  be d u r a b l e .  

Figure A9.4 .  

Technique for welding 
polyethy Zene f i lm .  



CONCLUSIONS 

It a p p e a r s  most d e s i r a b l e  t o  be  a b l e  t o  p rov ide  a clamped j o i n t  

wherever t h e r e  a r e  two vapour  b a r r i e r  s h e e t s  t o  be j o i n e d .  Glue ing ,  

t a p i n g ,  o v e r l a p p i n g  and doub le  f o l d i n g  can  work b e s t  on ly  when t h e  

j o i n t  i s  f i r m l y  clamped. Welding t h e  j o i n t s  a l s o  seems t o  b e  a  v e r y  

s u c c e s s f u l  method and f u r t h e r  development i s  t a k i n g  p l a c e .  

A9.2 J o i n t  between window (doo r )  frame and w a l l  

There  a r e  many d i f f e r e n t  s o l u t i o n s  f o r  j o i n t s  between window o r  door  

frames and w a l l s  (6,7). Some o f  t h e s e  s o l u t i o n s  a r e  d i s c u s s e d  i n  t h e  

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

methods a r e  g i v e n .  I n  t h i s  handbook we o n l y  d e s c r i b e  t h e  problems 

concern ing  a i r t i g h t n e s s  and thermal  i n s u l a t i o n  i n  t h e  j o i n t s .  

SEALING WITH PIINERAL WOOL STRIPS BETWEEN FRAME AND WALL 

The j o i n t  i s  covered w i t h  a b a t t e n  a n d / o r  a d j a c e n t  p l a s t e r .  

Figure A9.5. 

Mineral wool s t r i p  s e a l i n g .  

The j o i n t  w i l l  be n e i t h e r  a i r -  nor  v a p o u r - t i g h t .  A c e r t a i n  d e g r e e  o f  

a i r t i g h t n e s s  c a n ,  however, be achieved w i t h  c a u l k i n g ,  p a r t i c u l a r l y  

i f  m i n e r a l  wool i s  u s e d .  Hard c a u l k i n g  demands e x t r a  anchorage of  t h e  

frame t o  s t o p  i t  bu lg ing  outwards .  

Cur ren t  Swedish requ i rements  f o r  energy management a r e  u s u a l l y  

f u l f i l l e d .  

The method does  have a n  advan tage  i n  t h a t  temporary  dampness i n  t h e  

j o i n t  i s  no t  c a t a s t r o p h i c  s i n c e  d r y i n g  o u t  t a k e s  p l a c e  r e l a t i v e l y  

unh indered .  



IhTERNAL SEALING WITH MASTIC AND MINERAL WOOL CAULKING 

Wooden batten Mineral wool \ packing 1 Mas t i c  7 

Figure A9.6. 

Two methods of j o in t ing  
with mastic. 

To f a c i l i t a t e  good s e a l i n g ,  i t  i s  recomnended t h a t  t h e  j o i n t  

dimension i s  15 '5 mm and t h e  j o i n t  i s  s e a l e d  w i t h  m a s t i c .  The a c t u a l  

a i r t i g h t n e s s  i s  achieved w i t h  t h e  m a s t i c  which forms an e l a s t i c ,  

t i g h t  j o i n t  i f  t h e  c o r r e c t  m a s t i c  i s  used .  

The in tended purposes  of t h e  m a s t i c  a r e  d i f f u s i o n  s e a l i n g  and 

a i r t i g h t e n i n g .  I n  some c a s e s ,  t h e  w a l l ' s  co r responding  l a y e r s  a r e  

jo ined  - o f t e n  a n  a i r l v a p o u r  b a r r i e r .  The b e s t  method i s  t o  bake t h e  

f i l m  i n t o  t h e  j o i n t .  Mast ic  must c l o s e  t i g h t  and adhere  w e l l  t o  t h e  

w a l l  and f rame wi thou t  s e p a r a t i n g  a s  a  r e s u l t  of movement between t h e  

frame and t h e  w a l l .  P a r t i c u l a r  a t t e n t i o n  i s  paid  t o  j o i n t s  i n  c o r n e r s  

where wedges and a t tachment  d e v i c e s  might remain.  

The purpose of t h e  bottoming s t r i p  i s  t o  p rov ide  a  r e a r  b a r r i e r  t o  

t h e  m a s t i c  i n  t h e  j o i n t .  The bottorning s t r i p  i s  s e l e c t e d  s o  t h a t  i t  

s i t s  t i g h t  even i f  t h e  j o i n t  width  i s  15 + 5  = 20 mm. Two s i z e s  of 

bottoming s t r i p  should be a v a i l a b l e  d u r i n g  i n s t a l l a t i o n  work. 

Caulking i s  done w i t h  minera l  wool and , is  s topped about 1 5  mm from t h e  

edge o f  t h e  j o i n t .  The prime f u n c t i o n  of c a u l k i n g  i s  the rmal  

i n s u l a t i o n .  C o r r e c t l y  a p p l i e d  c a u l k i n g  p r o v i d e s  good i n s u l a t i o n .  



A i r t i g h t n e s s  i s  s i g n i f i c a n t  i n  a  j o i n t  wi thou t  any o t h e r  s e a l i n g  b u t ,  

when compared w i t h  m a s t i c ,  i s  of  minor importance t o  t h e  t o t a l  

a i r t i g h t n e s s .  

The i n n e r  moulding i s  used f o r  a e s t h e t i c  r e a s o n s  and t o  cover  and 

p r o t e c t  t h e  m a s t i c .  

The o u t e r  a i r  gap l e a d s  t o  t h e  o u t s i d e  a i r .  I t s  most impor tan t  

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

in tended  60 p rov ide  p r o t e c t i o n  a g a i n s t  d r i v i n g  r a i n .  

For t h e  j o i n t  t o  f u n c t i o n  a s  i n t e n d e d ,  i t  i s  assumed t h a t  s t a t e d  

j o i n t  t o l e r a n c e s  a r e  main ta ined .  

J O I N T  I N G  WITH POLYURETHANE FOAM 

Wooden Expanded 
batten polyurethane 

OUT IN Figure A9 .7 .  

flow a poZyurethane foam j o i x t  
should be made. 

The j o i n t  wid th  should  n o t  be l e s s  t h a n  7 m, b e a r i n g  i n  mind t h e  

a p p l i c a t i o n  o f  t h e  foam. 

The j o i n t  h a s  v e r y  good the rmal  i n s u l a t i o n  p r o p e r t i e s  compared w i t h  

frame t imber  and a d j a c e n t  w a l l  m a t e r i a l .  The j o i n t  i s  normal ly  

s u f f i c i e n t l y  d i f f u s i o n t i g h t  and a i r t i g h t  even when j o i n t s  a r e  

r e l a t i v e l y  wide ( > 2 0  mm). 

I n  unfavourab le  c a s e s ,  t h e  j o i n t i n g  foam c a n  p ro long  t h e  d r y i n g  t ime 

o f  t imber  t h a t  i s  too  m o i s t .  Foam should  be  a p p l i e d  t o  r esonab ly  d r y  

t imber  . 

It i s  n o t  e a s y  t o  a d j u s t  window frames when foam has  been a p p l i e d .  



JOINTING WITH GLASS FIBRE ENCLOSED I N  THIN PLASTIC FILM 

Wooden M ineroI wool Glass f i bre enclosed 
batten, r packing r in  thin plast ic  f i l m  

2 10-20 mm 

Figure A9 .8 .  

OUT I N  A ir t ightness  achieved wi th  
glass f ibre enclosed i n  
t h i n  p l a s t i c  f i ln? .  

Thermal i n s u l a t i o n  i n  j o i n t s  i s  provided by m i n e r a l  wool.  The a c t u a l  

a i r t i g h t n e s s  (and d i f f u s i o n  s e a l )  i s  achieved through t h e  p l a s t i c  

f i l m  around t h e  i n t e r n a l  m i n e r a l  wool s t r i p .  

Good a i r t i g h t n e s s  i s  achieved f o r  j o i n t s  between 1 0  and 20 mm. P o i n t  

l eakage  o f t e n  o c c u r s  a t  window c o r n e r s  and around wedges. 

JOINTING WITH TUBULAR STRIP, ANGULAR STRIP, ETC. 

Mineral wool 
packing 1 YPDM tube 

10-20 mm 

Figure A9 .9 .  

Tubu Zar s t r i p .  

J o i n t  s e a l i n g  between frame and w a l l  by u s i n g  p r o f i l e s  of EPDM rubber  

t o  p rov ide  t h e  a c t u a l  a i r t i g h t e n i n g  i n  t h e  j o i n t .  The gap should  be  

between 10  and 20 m. A t  l e a s t  two d i f f e r e n t  moulding s i z e s  a r e  

r e q u i r e d  f o r  i n s t a l l a t i o n ,  b e a r i n g  i n  mind d i f f e r e n t  t o l e r a n c e s .  To 

a c h i e v e  good a i r t i g h t n e s s ,  b o t h  frame and a d j a c e n t  w a l l  should  be  

v e r y  smooth. The t u b e  should  n o t  be s t r e t c h e d  too much d u r i n g  

i n s t a l l a t i o n .  P l a s t i c  f i l m s  i n  t imber  w a l l s  whould be  jo ined  t o  t h e  

t u b u l a r  moulding i n  t h e  j o i n t .  Minera l  wool p r o v i d e s  t h e r m a l  

i n s u l a t i o n  i n  t h e  j o i n t .  



J O I N T I N G  U S I N G  PLASTIC FILM 

A t e c h n i q u e  h a s  been  deve loped  i n  Canada where a  p l a s t i c  f i l m  s t r i p  

i s  a p p l i e d  t o  t h e  window f rame w i t h  s t a p l e s  and u s i n g  g l a s s  f i b r e  

t a p e  and m a s t i c .  T h i s  p l a s t i c  f i l m  s t r i p  i s  j o i n e d  by o v e r l a p p i n g  

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

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

t h e  w a l l .  Se F i g u r e  A9.10. 

Insulating sheathing7 m 
Double or 
t r ~ p l e  glazing 

- Caulk w ~ t h  acoust~ca l  sealant 
and staple over glass f i bre tope 

- 150 p m  (6 mill vapour barrier 

t r i m  
Caulk with acoustka l  sealant 
and staple  wi th  glass f ibre  
tape I 

/late: Attack vapour barr i e r  s t r i p  t o  uirdow casing b e f ~ r e  Seiizg 
in ser t ed  i n t o  rough openirg.  Allow ~ x f f i c i m t  m ~ ~ t ~ r i u l  a t  
corners  t o  fold vapoxr barr i e r .  

Figure A 9 . 1 0 .  Airp~apour  barr i e r  i no ta lZa t ion  a t  window (Canadian 
example).  



A9.3 J o i n t  s e a l i n g  systems a t  ground p l a t e  

F i g u r e  A9.11 i l l u s t r a t e s  f o u r  d i f f e r e n t  methods f o r  s e a l i n g  a t  ground 

p l a t e :  

a  > ground p l a t e  s e a l i n g  w i t h  m i n e r a l  wool s t r i p s  

b  ground p l a t e  s e a l i n g  w i t h  t h e  j o i n t  s e a l i n g  system " j o i n t i n g  
f i b r e "  

c > ground p l a t e  s e a l i n g  w i t h  single-component po lyure thane  foam 

d )  ground p l a t e  s e a l i n g  w i t h  EPDM rubber  s t r i p s .  

Ground plate insulation 
made from mineral wool 

The ground plate presses 
on the mineral wool 

a )  S i g n i f i c a n t  r i s k  o f  a i r  leakage 

Straight mtneral 

The ground plate 
must be supported 

b )  Risk o f  leakage points  around 
bZocks. ~ x a c t  j o i n t  dimensions 
are  uecessary for s a t i s f a c t o r y  
funct ion 

r Polyurethane foam 
The ground plate must 1 be blocked up 

r EPDM rubber s t r ~ p  
The ground p la te  

) presses on the s t r ip  

C )  Air t igh tnes s  i s  u sua l l y  good d )  Air t igh tnes s  i s  good i f  the  
concrete  sur face  i s  c a r e f u l l y  
smoothed 

Figure A9.11.  Ground p la t e  sea l ing:  a )  sea l ing  w i t h  ground p k t e  
i n s u l a t i o n  s t r i p s  o f  mineral wool; b )  sea l ing  w i t h  
' v o i n t i n g  f ibrer ' , -  c )  seal ing  w i th  polyurethane foam; 

d )  sea l ing  w i t h  EPDM rubber s t r i p s .  



METHOD a )  

Ground p l a t e  i n s u l a t i o n  s t r i p s  of m i n e r a l  wool p laced  s t r a i g h t  under  

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

l eakage  a t  t h e  f l o o r  f o u n d a t i o n ,  p a r t i c u l a r l y  i f  t h e  edge of t h e  

j o i s t  s t r u c t u r e  i s  uneven. 

METHOD b  ) 

The j o i n t i n g  f i b r e  sys tem g e n e r a l l y  p r o v i d e s  s a t i s f a c t o r y  r e s u l t s .  

I n  i s o l a t e d  c a s e s  a  c e r t a i n  amount of a i r  l eakage  h a s  been obse rved .  

It i s  p o s s i b l e  t o  assume, w i t h  good r e a s o n ,  t h a t  s e a l i n g  a d j a c e n t  t o  

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

Po lyure thane  foam f i l l e d  j o i n t s  g e n e r a l l y  p r o v i d e s  s a t i s f a c t o r y  

r e s u l t s .  Both s e a l i n g  and i n s u l a t i n g  v a l u e s  a r e  normal ly  s a t i s f a c t o r y .  

I n  a  few i s o l a t e d  c a s e s ,  a  b l i s t e r  developed i n  t h e  m a t e r i a l  which 

gave r i s e  t o  a  smal l  amount o f  a i r  l eakage .  

METHOD d  ) 

J o i n t  s e a l i n g  w i t h  a  doub le  t u b e  EPDM rubber  s t r i p  normal ly  g i v e  

s a t i s f a c t o r y  r e s u l t s .  I t  can  be  s e e n  t h a t  t h e  r e s u l t s  a r e  comparable 

w i t h  t h o s e  of  a l t e r n a t i v e  b ) .  

A9.4 Joints  between concrete el ements 

The d e s i g n  of  j o i n t s  between c o n c r e t e  e l ements  i s  s p e c i f i c  w i t h  

r e s p e c t  t o  manufac tu re r  and o b j e c t .  

The most s u i t a b l e  method o f  e n s u r i n g  t h e  j o i n t ' s  f u n c t i o n  i s  t o  c a r r y  

o u t  e x t e r n a l  s e a l i n g  u s i n g  t h e  2-s tage  p r i n c i p l e  f o r  wind and r a i n  

s e a l i n g .  T h i s  means t h a t  t h e  j o i n t  i s  provided w i t h  a  means of 

p r e s s u r e  b a l a n c i n g ,  d r a i n i n g  and v e n t i l a t i o n .  A c o u p l e  o f  examples 

of p o s s i b l e  r e a s o n s  f o r  damage i l l u s t r a t e  t h i s .  

I f  t h e  i n t e r n a l  a i r  s e a l  between c o n c r e t e  o r  porous  c o n c r e t e  e l ements  

i s  produced by cementing o r  by t h e  u s e  of a  smooth bonding s u r f a c e ,  

t h e  j o i n t  c a n  c r a c k  a s  a  r e s u l t  of movement i n  t h e  framework. 

Combined w i t h  f a u l t s  i n  e x t e r n a l  s e a l i n g ,  t h i s  can  a l l o w  p e n e t r a t i o n  



of m o i s t u r e  a s  a  r e s u l t  of c a p i l l a r y  a c t i o n  a s  we l l  

a i r  l e a k a g e .  T h i s  i s  f u r t h e r  a m p l i f i e d  by wind load  

a s  u n d e s i r a b l e  

ing  on t h e  f a c a d e .  

It i s  a l s o  p o s s i b l e  t o  imagine a  non-funct ioning j o i n t ,  from t h e  

p o i n t  of view of  r a i n l w i n d ,  where t h e  a i r t i g h t  l a y e r  i s  i n t a c t .  

Bearing i n  mind t h a t  t h e  j o i n t  i s  n o t  we l l  d r a i n e d  and t h e  m a t e r i a l  

i n  t h e  w a l l  and j o i s t  c o n s t r u c t i o n  e x h i b i t s  a  c a p i l l a r y  c h a r a c t e r i s -  

t i c ,  m o i s t u r e  can  p e n e t r a t e  j o i n t s  and cause  problems d e s p i t e  t h e  

i n t e r n a l  a i r t i g h t n e s s .  

As an example of s o l u t i o n s  t h e  d e s i g n  o f  an  element j o i n t  a c c o r i n g  t o  

t h e  2-s tage  s e a l i n g  p r i n c i p l e  i s  shown i n  F i g u r e  A9.12. T h i s  i s  

recommended by t h e  Norwegian Bui ld ing  Research I n s t i t u t e .  Exper ience  

of j o i n t  d e s i g n  a c c o r d i n g  t o  t h e  s i n g l e - s t a g e  s e a l i n g  p r i n c i p l e  i s  

u n s a t i s f a c t o r y  i n  many c a s e s .  

OUT 

Side e levat ion of  horizontal jo in t  

Figure A 9 . 1 2 .  

OUT 

Plan of v e r t i c a l  joint  

~ ~ l e  o f  a two stage sea2 i n  jo in t s  between concrete elements 
according t o  a building d e t a i l  sheet from the  ~ o m e g i a n  Building 
Research I n s t i t u t e .  Sealing s t r i p  A i n  the  ver t i ca l  jo in t  functions 
a s  a r a i n  seal i n  t h i s  case. Behind t h i s  there i s  a ven t i la ted  a i r  
space which has a pressure balancing and draining function. In t h e  
horizontal jo in t  the  function o f  the  r a i n  seal i s  assumed b y  t h e  
dropnose, threshold and plate. The outer sealing compound B wi th  the  
b o t t m  s t r i p  i s  t h e  t rue  a i r  seal and the inner joint ing compound C 
w i th  the  bottom s t r i p  i s  the  a i r  and vapour sea l .  The external s t r i p  
A will probably need to be changed on several occasions during the 
l i f e  of the  house because of i t s  exposed posi t ion.  Sealing compound 
C w i l l  probably need to be changed a s  well  and for t h i s  reason t h e  
in ternal  jo in t s  s b u l d  be made accessible.  



A 9 . 5  Seal i ng around penetrations 

ELECTRICAL OUTLETS 

A Canadian t echn ique  t o  ach ieve  a  good vapour b a r r i e r  s e a l  around 

e l e c t r i c a l  o u t l e t s  i s  shown i n  F i g u r e  A9.13. C o n s i d e r a b l e  c a r e  must 

be used w i t h  t h i s  t echn ique  t o  g e t  a  good s e a l .  The work sequence 

should  be a s  f o l l o w s :  

i n s t a l l  b lock ing  

s t a p l e  vapour b a r r i e r  pan 

d r i l l  h o l e  through b lock ing  t o  p a s s  w i r e ,  c a u l k  a t  pan 

w i r e  e l e c t r i c a l  box 

f i l l  pan w i t h  i n s u l a t i o n  

p rov ide  bead of  a c o u s t i c a l  s e a l a n t  around pan 

p r e s s  wa l l  vapour b a r r i e r  i n t o  s e a l a n t  

c u t  h o l e  i n  wa l l  vapour b a r r i e r  t o  p a s s  e l e c t r i c a l  box. 

38 x 38 mm 
(2 X 2 in) blocking 

- A C O U S ~ ; C O ~  

Wire passed 
through hole 

L ~ornmerc ia l  vapour barrier 
pan (or may be formed from 
a sheet of plastic) 

Figxre A9.13. Vapour barrier instaZZation around eZectricaZ box. 

VENT PIPES 

F i g u r e  A9.14 i l l u s t r a t e s  a  t echn ique  f o r  t h e  vapour b a r r i e r  around a 

plumbing v e n t  s t a c k .  The expans ion  j o i n t  i s  n e c e s s a r y ,  a s  p l a s t i c  



barrier - 
Mechanically 
anchor pipe to 
plates 
Expans~on joint 
to prevent 
caulking from 
breaking - 

Plywood collar or 

Acoust~cal sealant 

Figure A 9 . 1 4 .  

Vapour barr i e r  i n s taZ la t ion  
around plumbing vent  s tack .  

p i p i n g  used i n  homes can expand and c o n t r a c t  a s  much a s  25 mm ( 1  i n . )  

because  o f  t e m p e r a t u r e  changes .  

A9.6 W e a t h e r s t r i p s  f o r  wi ndows and d o o r s  

TYPES OF WEATHERSTRIPS ON THE BUILDING MARKET 

W e a t h e r s t r i p s  i n  t h e  modern s e n s e  of  t h e  term have a  r e l a t i v e l y  s h o r t  

h i s t o r y  i n  b u i l d i n g  t echno logy .  The s t r i p s  were f i r s t  made o f  spun 

wool o r  c o t t o n  f i b r e .  They b e a r  a  c l o s e  resemblance t o  a  s o f t  s t r i n g  

and o f t e n  have a  d iamete r  o f  8 mm. Nowadays t h e y  a r e  a l s o  made o f  

s y n t h e t i c  f i b r e s  and may have a  c o r e  o f  foamed p l a s t i c  o r  porous 

r u b b e r .  Se l f -adhes ive  w e a t h e r s t r i p s  of  foamed p l a s t i c  and foam s t r i p s  

were a l s o  used i n  t h e  e a r l y  d a y s .  

N a t u r a l l y ,  t h e s e  t y p e s  of s t r i p s  caused a n  a p p r e c i a b l e  improvement i n  

a i r t i g h t n e s s  a t  t h e  t ime.  However, it i s  a  common c h a r a c t e r i s t i c  o f  

f i b r e  s t r i p s  and foam s t r i p s  t h a t  t h e y  a r e  permeable t o  a i r  and must 

t h e r e f o r e  be  e x t e n s i v e l y  compressed t o  perform a s  i n t e n d e d .  Foam 

s t r i p s  a r e  nowadays main ly  s o l d  a s  d u s t  e x c l u d e r s  and a r e  p laced  

between t h e  casement i n  doub le  g l a z e d  windows. 

The modern t y p e s  of s t r i p s  a r e  made o f  impermeable m a t e r i a l s  and 

have a  p r o f i l e  of  such d e s i g n  t h a t  t h e y  can  be  deformed r e l a t i v e l y  

e a s i l y  s o  t h a t  t h e  door  o r  window i s  e a s y  t o  c l o s e  w h i l e  p r o v i d i n g  a  

s a t i s f a c t o r y  s e a l .  The s t r i p s  must a t  a l l  t imes  endeavour t o  r e g a i n  



STRUCTURAL SOLUTIONS 

Gaps between f rames c a n  o f t e n  be  d e t e c t e d  by i n s p e c t i n g  t h e  opening 

and c l o s i n g  a c t i o n  and w e a t h e r s t r i p s .  Gaps can  a l s o  be d e t e c t e d  by 

u s i n g  a  c a n d l e  o r  smoke, o r  by app ly ing  thermography. D e t e c t i o n  i s  

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

Resea l ing  of windows and d o o r s  should  i n c l u d e  t h e  f o l l o w i n g  s t e p s :  

a  > I n s p e c t  t h e  windows and d o o r s .  Do they  r e q u i r e  r e p a i n t i n g  
o r  t h e  p u t t y  r e p l a c i n g ?  

b  Check t h a t  t h e  casement /door  c a n  be c l o s e d  and opened e a s i l y  
and a d j u s t  where n e c e s s a r y .  

c  > Check t h a t  t h e  window/door f u r n i t u r e  works p r o p e r l y  and 
a d j u s t  and l u b r i c a t e  where n e c e s s a r y .  

d  ) Check t h a t  t h e  a i r  gap between t h e  casements  of a l l  d o u b l e  
windows/doors h a s  n o t  been rendered  i n e f f e c t i v e  a s  a  r e s u l t  
of r e p a i n t i n g  e t c .  A gap of  1-2 mm i s  r e q u i r e d .  I f  t h e  gap 
between t h e  casements  i s  g r e a t e r  t h a n  2 mm, 2 p e r v i o u s  
d u s t - t i g h t  s t r i p s  c a n  be f i t t e d  i n  o r d e r  t o  r educe  t h e  a i r  
c i r c u l a t i o n  between t h e  panes t h e r e b y  a c h i e v i n g  c e r t a i n  
s a v i n g s  i n  energy.  

Always p a i n t  exposed wood s u r f a c e s  ( s u r f a c e s  which l ack  
f i n i s h i n g  c o a t ,  g l a z i n g  p a i n t ,  e t c . )  b e f o r e  r e a p p l y i n g  p u t t y  
and f i t t i n g  w e a t h e r s t r i p p i n g .  

S e l e c t  s u i t a b l e  s t r i p  d imensions  b e a r i n g  i n  mind t h e  width  
of  t h e  gap between t h e  casement /door  and f rame.  The s i z e  of  
t h e  gap when t h e  window/door i s  c l o s e d  can be measured by 
u s i n g  P l a s t i c i n e  p r e s s e d  on to  a  few p l a c e s  on t h e  r e b a t e  i n  
t h e  frame. 

S e l e c t  t h e  w e a t h e r s t r i p p i n g .  When s e l e c t i n g  s t r i p  f o r  u s e  
between t h e  casement and t h e  d o o r ,  t h e  gap wid th  measured 
i n  f )  must be c o n s i d e r e d .  When s e l e c t i n g  w e a t h e r s t r i p s ,  
s t r i p s  of s i l i c o n e  rubber  and EPDM rubber  have e x h i b i t e d  t h e  
b e s t  s e a l i n g  and a g e i n g  p r o p e r t i e s .  Tubu la r  s t r i p s  p r o v i d e  
t h e  b e s t  s e a l  but a n g u l a r  s t r i p s  a r e  a l s o  e f f e c t i v e .  Angular 
s t r i p s  a r e  recommended f o r  d o o r s  where a low c l o s i n g  p r e s s u r e  
i s  r e q u i r e d .  

The way i n  which w e a t h e r s t r i p s  a r e  f i t t e d  i s  impor tan t  f o r  
t h e i r  c o r r e c t  f u n c t i o n .  S p e c i a l  a t t e n t i o n  must b e  pa id  t o  
t h e  c o r n e r s  where g a p s  o f t e n  o c c u r .  F i g u r e  A9.17 i l l u s t r a t e s  
how s t r i p s  should  be  p o s i t i o n e d .  



I N W A R D  O P E N I N G  W I N D O W S .  The s t r i p  i s  to be placed on t h e  casement 

Hinge s ide  ( i n s i d e )  Hinge s ide  ( i n s i d e )  

OUTWARD O P E N I J S  W I N D O W S .  The s t r i p  i s  to be pZaced on  t h e  frame 

fiirge s ide  (ou t s ide )  Hinge s ide  (ou t s ide )  

Figure A9.17.  Positioning of sealing s t r i p s  between casments  ard 
frames i n  i n m r d  and outward opening windows 
respec t i ve ly .  
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AIRTIGHTNESS OF WINDOWS 

S t u d i e s  of a i r t i g h t n e s s  of windows have been made by Haglund & 

WBnggren ( 8 ) .  I n  de te rmin ing  t h e  l e a k a g e  of a i r  th rough  windows t h e  

guarded p r e s s u r e  box method was used .  The measurements were made i n  

wood windows which had a  d e s i g n  i n  conformi ty  w i t h  t h e  a p p r o p r i a t e  

Swedish s t a n d a r d .  Both double-glazed and t r i p l e - g l a z e d  windows were 

used .  The w e a t h e r s t r i p s  were p laced  where t h e  casement a b u t s  on t o  

t h e  frame. The gap f o r  t h e  w e a t h e r s t r i p s  v a r i e d  from about  2 mm t o  

o v e r  4 mm. 

The r e s u l t s  a r e  summarized i n  F i g u r e  A9.16. The t y p e s  which b e s t  

s a t i s f i e d  t h e  a i r t i g h t n e s s  r equ i rements  i n  t h e  Swedish Bui ld ing  Code 

were s t r i p s  o f  t u b u l a r  o r  a n g u l a r  p r o f i l e .  A p r o p e r l y  chosen 

expanded s t r i p  could  a l s o  p rov ide  s a t i s f a c t o r y  a i r t i g h t n e s s .  I n  most 

c a s e s  foam and f i b r e  s t r i p s  d i d  not  s a t i s f y  t h e  requ i rements  s t a t e d  

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

The r e s u l t s  a l s o  showed t h a t  i t  was ex t remely  impor tan t  f o r  mounting 

t o  be done w i t h  c a r e .  A good r e s u l t  was e a s i e r  t o  r e a c h  w i t h  t u b u l a r  

s t r i p s  t h a n  w i t h  angu la r  s t r i p s .  

Air leakage. m31m2 h 

Expanded s t r ~ p s  

I 1 I I I I 

0 100 200 300 L00 500 600 Pa 
Pressure di f f erence 

Figurc As. 16. 

S m a r y  o f  t c c t  r e s a l t s  
for w e a t h e r ~ t r i p s  in. 
w i ~ d o u s  . 



t h e i r  o r i g i n a l  shapes  ( i . e .  they  must be r e s i l i e n t ) .  S t r i p s  of  t h i s  

t y p e  o f t e n  have a  t u b u l a r  o r  a n g u l a r  p r o f i l e .  D i f f e r e n t  t y p e s  of 

s t r i p s  a r e  shown i n  F i g u r e  A9.15. 

Types 

Tubular o t r i p  (0 e t r i p )  w i th  t o e  for mounting i n  a 
groove. I t  i s  pressed i n t o  the  groove 

Tubular s t r i p  (0 s t r i p )  for mounting on a f l a t  sur,face. 
Se l f -adhes ive ,  o r  mounted by s t a p l i n g ,  na i l i ng  o r  ~ Z u i n g  

Angle s t r i p  ( V  s t r i p )  w i th  t oe  for mounting i n  a pwouc. 
l t i s  pressed i n  t o  the  groove 

Angle s t r i p  ( V  s t r i p )  for  mounting on a f l a t  surface.  
Mounted b y  c t u p l i n g ,  n a i l i n g  or  gluing 

TtcbuZar s t r i p  (C s t r < p )  wi th  t oe  for mounting i n  a 
groove. I t  i s  p r e ~ ~ e d  i n t o  the  groove 

Expanded s t r i p  for nrounting on a f l a t  sur face .  Se lc -  J 

adheoivc 

Foam s t r i p  for mouzting on a f l a t  s ~ ~ f a c e .  
adhesive 

Fibre s t r i p  for mounting on a f l a t  swlfuce.  Mounted 
by n a i l i n 9  or  s tap l ing  

Figure A 9 . 1 5 .  Types o f  weathers t r ips  for windows and doors.  

Tubula r  s t r i p s  a r e  made i n  p r o f i l e  h e i g h t s  of about  5 mm upwards, and 

a n g l e  s t r i p s  about  7 mm upwards. The m a t e r i a l s  most commonly used a r e  

s y n t h e t i c  rubber  (EPDM and c h l o r o p r e n e )  and p l a s t i c i z e d  PVC.  EPDM 

probably  h a s  t h e  g r e a t e s t  s h a r e  of t h e  marke t .  S i l i c o n e  rubber  i s  

a l s o  used ,  bu t  t h i s  m a t e r i a l  i s  c o n s i d e r a b l y  more expens ive  t h a n  

t h o s e  mentioned above and i s  t h e r e f o r e  used t o  a  l e s s e r  e x t e n t .  

Expanded s t r i p s ,  i . e .  porous  rubber  s t r i p s  w i t h  c l o s e d  p o r e s ,  a r e  

a l s o  r e l a t i v e l y  mew on t h e  marke t .  These s t r i p s  must n o t  be compressed 

more t h a n  30 p e r  c e n t ,  o r  t h e  p o r e s  may r u p t u r e .  They a r e  made i n  

h e i g h t s  r ang ing  from 3 m upwards.  



( 7 )  Holmberg, H\., ~ o n s t e r h J l e t .  Inbyggnad av t r x f o n s t e r  i nya h u s .  
Wooden Windows i n  New B u i l d i n g s .  ( I n  Swedish . )  (Swedish Counc i l  
f o r  B u i l d i n g  R e s e a r c h . )  R15:1981. Stockholm 1981.  

( 8 )  Hoglund, I. & W2nggren, B., S t u d i e s  o f  t he  Performance  o f  
W e a t h e r s t r i p s  f o r  Windows and Doors .  (Swedish C o u n c i l  f o r  B u i l d i n g  
R e s e a r c h . )  D4:1980. Stockholm 1980 .  





A1 0  RETROFITS I N  EXISTING BUILDINGS 

A i r  l eakage  i n  o l d e r  b u i l d i n g s  h a s  o f t e n  been found t o  be 

u n n e c e s s a r i l y  h i g h ,  c o n s i d e r i n g  t h e  requ i rements  f o r  a i r  q u a l i t y  

f o r  bo th  h e a t i n g  and a i r  c o n d i t i o n i n g  ( 1 ) .  

C o n s i d e r a b l e  energy s a v i n g s  a r e  p o s s i b l e  i n  many c a s e s  u s i n g  

r e l a t i v e l y  cheap and s imple  s e a l i n g  measures .  As example of t h i s  i s  

t h e  "House D o c t o r ' s  Program" c a r r i e d  o u t  i n  t h e  Uni ted  S t a t e s ,  

d e s c r i b e d  l a t e r  i n  t h i s  c h a p t e r .  Another example i s  g i v e n  i n  T a b l e  

A 1 O . l  which shows t h a t  energy consumption i s  lower i n  houses  i n  which 

good q u a l i t y  w e a t h e r s t r i p p i n g  h a s  been f i t t e d  t o  windows ( 2 ,  3 ) .  

S i n c e  t h e r e  a r e  few d a t a  o n  t r u e  energy s a v i n g s  t h a t  r e s u l t  from 

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

measures  themse lves  wi thou t  c o n s i d e r i n g  t h e i r  c o s t - e f f e c t i v e n e s s .  

Problems t h a t  a r i s e  from i n a d e q u a t e  v e n t i l a t i o n  must always be 

c o n s i d e r e d  when s e a l i n g  measures  a r e  used i n  a  b u i l d i n g .  I n  houses  

w i t h  n a t u r a l  v e n t i l a t i o n ,  a i r  i s  s u p p l i e d  p a r t l y  th rough  l e a k s  i n  t h e  

s t r u c t u r e  and p a r t l y  th rough  openab le  v e n t i l a t i o n  p r o v i s i o n s .  T h i s  

l i m i t s  how f a r  s e a l i n g  measures  c a n  be t aken  wi thou t  having t o  i n s t a l l  

s p e c i a l  supp ly  a i r  d e v i c e s .  

I n  houses  w i t h  mechanical  exhaus t  v e n t i l a t i o n ,  t h e  i n f l u e n c e  of t h e  

f a n  has  a  dominat ing e f f e c t  on t h e  amount of v e n t i l a t i o n .  Flow th rough  

t h e  f a n  i s  not  changed s i g n i f i c a n t l y  a s  t h e  b u i l d i n g  envelope i s  

f u r t h e r  s e a l e d .  However, t h e  n e g a t i v e  p r e s s u r e  i n  t h e  house  does  

i n c r e a s e .  T h i s  a l s o  l i m i t s  how t i g h t  t h e  b u i l d i n g  s h e l l  can  be made. 

F u r t h e r  s e a l i n g  does  not  p rov ide  any more energy s a v i n g s .  There  may 

be o t h e r  v a l i d  r e a s o n s ,  a p a r t  from energy s a v i n g s ,  f o r  s e a l i n g  t h e  

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

d i s t r i b u t i o n ;  s e e  F i g u r e  A 1 O . l  ( 4 ) .  

Houses w i t h  balanced exhaus t  and supp ly  v e n t i l a t i o n  shou ld ,  however, 

b e  made a s  t i g h t  a s  p o s s i b l e  t o  avoid  unnecessa ry  v e n t i l a t i o n .  T h i s  

i s  p a r t i c u l a r l y  important  i f  energy recovery  u s i n g  a h e a t  exchanger 

f i t t e d  t o  t h e  exhaus t  a i r  i s  t o  be o p t i m i z e d .  

The main p r i n c i p l e  f o r  s e a l i n g  e x i s t i n g  b u i l d i n g s  must be t o  e n s u r e  

t h a t  s u f f i c i e n t  bu t  n o t  e x c e s s i v e  v e n t i l a t i o n  i s  ach ieved  and t h a t  



Table A I O . 1 .  Average energy c o n s m p t i o n  and heated voZme wi th  
otundard dev ia t ions  a f t e r  r e t r o f i t  for a i s t i n g  
single-famiZy b u s e s  i n  Sueden w i th  d i f f e r e n t  types 
o f  weathers t r ips  i n  vindows. Almost uZZ o f  t h e  houses 
have ra tura l  v e n t i l a t i o n .  

P r i n c i p a l  type  of Number of Energy consumption Heated volume per  
w e a t h e r s t r i p s  houses a f t e r  measures d w e l l i n g ,  
between window- surveyed be ing  under taken ,  

m 3  
f rames and casement l i t r e  o i l / d w e l l i n g  

Average S tand .  Average Stand.  
d e v i a t i o n  d e v i a t i o n  

W e a t h e r s t r i p s  
non-ex i s t en t  23 42 20 27 26 426 21 5 

Foamst r ips  
surrounded w i t  h  
f i b r e  4  7  4071 1114 473 - 

F i b r e  s t r i p s  
(wool o r  c o t t o n )  9 3 3877 1075 4  54 

Foamst r ips  
( f o a m p l a s t i c s  w i t h  
open pores )  107 3802 1152 466 158 

Tubula r  s t r i p s  
( s y n t h e t i c  r u b b e r )  124 3761 1069 41 5 144 

Angular s t r i p s  
( s y n t h e t i c  r u b b e r )  5 1 3 6 24 97 7  464 152 

Expanded s t r i p s  
(porous  rubber  
w i t h  c l o s e d  p o r e s )  211 3541 1047 4  18 - 
Fixed  windows 
( n o t  openab le )  11 3  294 1165 409 14 2  

t h e  supply  a i r  e n t e r s  t h e  b u i l d i n g  where i t  c a u s e s  t h e  l e a s t  d r a u g h t ,  

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

t h e  a i r t i g h t n e s s  of t h e  house  can  be improved t o  t h e  e x t e n t  t h a t  i s  

economical ly  and t e c h n i c a l l y  f e a s i b l e .  

I t  i s  v e r y  impor tan t  when p lann ing  s e a l i n g  measures  t o  c o n s i d e r  t h e  

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

b u i l d i n g  documents from t h e  t ime  of e r e c t i o n  i n  o r d e r  t o  l e a r n  how 

houses  were b u i l t  a t  t h a t  t ime ,  and from t h e r e  t o  p l a n  t h e  measures .  

E i t h e r  b e f o r e  o r  when t h e  b u i l d i n g  i s  t i g h t e n e d  a n  i n v e s t i g a t i o n  

should be made i n t o  l o c a t i n g  t h e  most s e v e r e  a i r  i n f i l t r a t i o n  s i t e s  

i n  t h e  b u i l d i n g .  T h i s  can be done th rough  n e g a t i v e  p r e s s u r e  t e s t i n g  



Flow through constant 
and equal i n  both cos 

Flow f ramelcasement 

No or bad weath 
New wea the rs t r  

Flow f ramelwa l l  

Other leakage f l ows  
(connect; on51 

a )  Before s m l i n g  b )  A f t e r  sea l ing  

Figure ,410.1. Flow charge i n  an exhuust a i r  v e n t i l a t e d  house when 
windows are  f i t t e d  w i th  new weathers t r ipping .  The 
r e l a t i v e l y  cons tant  t o t a l  f low i s  r e d i s t r i b u t e d  i n  
proportion t o  t h e  pervwusness  of t h e  d i f f e r e n t  
Leakage loca t ions .  Wind forces  a re  o f t e n  o f  subordinate 
importance a s  t he  dr i v ing  force o f  the  a i r  leakage. 

combined w i t h  thermography o r  l eakage  l o c a t i o n  u s i n g  an a i r f l o w  mete r  

f o r  example. S u i t a b l e  measurement methods a r e  d i s c u s s e d  i n  Chapter  

A l l .  

Common p o i n t s  where a i r  l eakage  o c c u r s  ( a p a r t  from t h e  w a l l ,  c e i l i n g  

and f l o o r  s t r u c t u r e s  themse lves )  a r e  j o i n t s  between b u i l d i n g  s e c t i o n s  

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

i n  Chapter  A 2 .  J o i n t s  between d i f f e r e n t  b u i l d i n g  s e c t i o n s  and between 

d i f f e r e n t  m a t e r i a l s  a r e  u s u a l l y  weak p o i n t s  w i t h  r e s p e c t  t o  a i r  

l eakage .  I n  b u i l d i n g s  made o f  b r i c k  o r  c o n c r e t e ,  f o r  example, a i r  

l e a k a g e  i s  o f t e n  g r e a t e s t  around windows and d o o r s  and a t  j o i n t s  

between b u i l d i n g  e lements .  

Incoming a i r  t o  f l o o r  s t r u c t u r e s  and i n t e r m e d i a t e  w a l l s  may be 

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

room. T h i s  might lower s u r f a c e  t empera tu res  on w a l l s  and f l o o r  

s t r u c t u r e s  and c a u s e  d i s c o m f o r t .  

M o i s t u r e  should  a l s o  be  c a r e f u l l y  cons ide red  when s e l e c t i n g  t i g h t n e s s  

measures .  



A i r s e a l i n g  measures  c a r r i e d  o u t  from t h e  b u i l d i n g ' s  warm i n s i d e  a r e  

u s u a l l y  more dependable  t h a n  t h o s e  c a r r i e d  o u t  from t h e  c o l d  o u t s i d e ,  

s i n c e  vapour  t r a n s p o r t  through t h e  s t r u c t u r e  i s  u s u s a l l y  from t h e  

i n s i d e  (having a  h i g h e r  vapour c o n t e n t )  t o  t h e  o u t s i d e .  An a i r t i g h t  

l a y e r  on t h e  co ld  s i d e  i s  o f t e n  s o  vapour - t igh t  t h a t  c o n d e n s a t i o n  

c a n  a r i s e  w i t h i n  t h e  w a l l  and i n s u l a t i o n .  

However, i t  i s  o f t e n  e a s i e r  t o  improve t h e  a i r t i g h t n e s s  on t h e  

o u t s i d e  of t h e  b u i l d i n g  where a  con t inuous  s e a l i n g  l a y e r  can  be 

a p p l i e d .  Work on t h e  i n s i d e  i s  v e r y  o f t e n  h indered  by f i x e d  

f u r n i s h i n g s ,  i n t e r m e d i a t e  w a l l s ,  e t c .  S e a l i n g  i n s i d e  i n t e r m e d i a t e  

w a l l s  and j o i s t  edges  must supplement o t h e r  i n t e r n a l  t i g h t e n i n g .  

There  a r e  o f t e n  p o i n t s  which e x h i b i t  t h e  g r e a t e s t  a i r  l eakage .  

A m a t e r i a l  which i s  a i r t i g h t  but  p e r m i t s  vapour d i f f u s i o n  i s  necessa ry  

i f  s e a l i n g  measures  a r e  t o  be c a r r i e d  o u t  on t h e  c o l d  s i d e  o f  t h e  

w a l l .  M o i s t u r e  s t o r a g e  c a p a c i t y  may a l s o  p rove  t o  be v a l u a b l e  t o  

avo id  m o i s t u r e  condensing and runn ing  o f f .  Measures t aken  w i t h  t h i s  

t y p e  of m a t e r i a l  cou ld  be used i n  d w e l l i n g s  wi th  low i n t e r n a l  

humid i ty .  

The aim of s e a l i n g  measures  should  be t o  p r o v i d e  t h e  b u i l d i n g  w i t h  

permanent a i r t i g h t n e s s .  The e x t e n t  of t h e  measures t aken  depends on 

t h e  c o n d i t i o n  of  t h e  house w i t h  r e s p e c t  t o  a i r t i g h t n e s s ,  d e s i g n  and 

c o n s t r u c t  i o n .  

Simple measures  such a s  t h e  i n s t a l l a t i o n  of new w e a t h e r s t r i p p i n g  i n  

windows and d o o r s  a r e  cons ide red  normal maintenance a t  v a r y i n g  

i n v e r v a l s  whereas d r a s t i c  measures  such a s  s e a l i n g  t h e  whole house 

w i t h  a l a y e r  o f  p o l y e t h y l e n e  f i l m  a r e  j u s t i f i e d  o n l y  under  s p e c i a l  

c i r c u m s t a n c e s .  

A1 0.1 Windows and doors  

Methods f o r  s e a l i n g  between window and door frames i n  new houses  have 

been d e s c r i b e d  i n  Chap te r  A 9 .  D i f f e r e n t  t y p e s  of w e a t h e r s t r i p p i n g ,  

and methods of f i t t i n g  t h e s e  t o  d o o r s  and windows, a r e  d i s c u s s e d  i n  

d e t a i l .  Such methods a r e  a l s o  sometimes a p p l i c a b l e  when improving 

e x i s t i n g  b u i l d i n g s .  C a r e f u l  c o n s i d e r a t i o n  of  m a t e r i a l  c h o i c e  i s  

n e c e s s a r y  s i n c e  many windows and d o o r s  i n  e x i s t i n g  b u i l d i n g s  have no t  

been des igned f o r  t h e  i n s t a l l a t i o n  of w e a t h e r s t r i p p i n g .  



D i f f e r e n t  t y p e s  of w e a t h e r s t r i p p i n g  i n  windows seem t o  a f f e c t  energy 

consumption i n  d i f f e r e n t  ways. 

I n v e s t i g a t i o n s  i n  s i n g l e - f a m i l y  houses  have shown t h a t  expanded 

a n g u l a r  and t u b u l a r  s t r i p s  of s y n t h e t i c  rubber  (EPDM) r e s u l t  i n  lower 

energy consumption t h a n  when w e a t h e r s t r i p p i n g  of foam a n d l o r  f i b r e  i s  

used ( 2 ) ;  s e e  Tab le  A 1 O . l .  These r e s u l t s  were confirmed by 

s i g n i f i c a n c e  t e s t s  on t h e  d a t a  g i v e n  i n  t h e  t a b l e .  

There  was a n  obv ious  d i f f e r e n c e  i n  energy consumption between houses  

where w e a t h e r s t r i p s  d i d  n o t  e x i s t  and houses  where f i x e d  windows ( n o t  

openab le )  were i n s t a l l e d ,  though t h e r e  were few houses  wi th  f i x e d  

windows. 

The r e s u l t  co r respond  we l l  t o  t h e  r e s u l t s  of an  e a r l i e r  i n v e s t i g a t i o n  

where t h e  e f f i c i e n c y  of d i f f e r e n t  t y p e s  of w e a t h e r s t r i p s ,  i n  t e r n s  of 

a i r l e a k a g e ,  has  been e v a l u a t e d  i n  l a b o r a t o r y  t e s t s  ( 5 ) .  

A10.2 J o i n t s  

Gaps and j o i n t s  can  be s e a l e d  us ing  m a s t i c  o r  p o l y u r e t h a n e  foam. 

Mas t i c  demands a  good b a s e ,  f o r  example m i n e r a l  wool o r  a  rubber  

s t r i p .  P r e c a u t i o n s  should  be t a k e n  when app ly ing  p o l y u r e t h a n e  foam 

t o  minimize h e a l t h  r i s k s .  

S e a l i n g  under e x i s t i n g  s i l l s  can be  d i f f i c u l t  w i t h  r e s p e c t  t o  

a c c e s s i b i l i t y .  Even i f  t h e  j o i n t  i s  e a s i l y  a c c e s s i b l e ,  t h e  j o i n t  

wid th  i s  o f t e n  t o o  narrow f o r  t h e  sys tems d e s c r i b e d  i n  Chap te r  A9. 

I t  may be p o s s i b l e  t o  u s e  m a s t i c ,  s e e  F i g u r e  A10.2. T h i s  method c a n  

a l s o  be used between c o n c r e t e  e l ements .  An e x t e r n a l  improvement t o  

t h e  wind b a r r i e r  a s  i l l u s t r a t e d  i n  F i g u r e  A10.3 may be a  s o l u t i o n  i n  

such c a s e s  ( 6 ) .  

A1 0.3 J o i s t  connect ions 

A i r f l o w  w i t h i n  j o i s t  s t r u c t u r e s  normal ly  o c c u r s  i n  non-homogeneous 

s t r u c t u r e s  such a s  t imber  j o i s t s .  The problem o f t e n  a r i s e s  when c o l d  

a i r  i s  t r a n s p o r t e d  w i t h i n  t h e  j o i s t  s t r u c t u r e  s o  c a u s i n g  d i s c o m f o r t  

i n  t h e  form of c o l d  f l o o r s  and c e i l i n g s .  The g r e a t e s t  a i r  l eakage  

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

e .g .  where a n  i n t e r m e d i a t e  j o i s t  meets  a n  e x t e r n a l  w a l l .  



Fi l l  w i t h  minera l  wool  str ips 
I -  

---+ 

Figure A I $ .  2 .  The joixti-f ly compound must not f i l l  t h e  ~ h d e  depth  o f  
t h e  gap. The compound lo ses  i t s  e l a s t i c i t y  and 
adhesion t o  t h e  base can re l ease .  The depth  should 
there fore  not  be greater  t h n  ha l f  t k e  gap wid th .  F i l l  
w i t h  mineral wool, rubber o r  t imber ba t t ens  be fore  thc  
compound i s  i n j e c t e d .  

Avoid ex ternal  s ea l ing  w i t h  sea l ing  compound! I f  a 
compound i s  used eccternally, make sure t h e  jo in t  can 
be a ired  and drained. 

--,L 

Panel 
Wi nd  

Jo in t  compound 
2 a 

Bot tom s t r l p  

WI n d  

Plate 

Miner 
s t r i p  

I I  j 
barr ier A I ~  /vapour oorr 1e1 
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The j o i n t  be tveen  t h e  e x t e r m 2  m 1 1  and t h e  foundations may be 
d i f f i c u l t  t o  get  a t  s ince  t h e  facade cladding o f t e n  extends past t h e  
foo t ings .  I n  such cases ,  t he  jo in t  can be made acces s ib l e  by sawing 
away t h e  bottom piece o f  t he  facade cladding.  Saw oppos i te  t he  s i l l  
t o  avoid damaging t h e  wind barr i e r  where f i t t e d  

o Clean t h e  jo in t  

o Where poss ib le ,  s ea l  t he  j o i n t  w i t h  s t r i p s  o f  mineral wool 

o Cover t h e  j o i n t  w i th  impervious paper or  board. Replace t h e  
piece o f  cladding w i t h  a metal shee t  o r  a weatherboard 

Sealing compound should not  be used on  t h e  o u t s i d e  un le s s  t here  i s  an 
e f f i c i e n t  vapour barr i e r  on t h e  i n s i d e  

Figure A10.3. B t e r n a l  seal ing nex t  t o  t h e  s i l l .  



F i g u r e  A10.4 shows examples of common leakage  r o u t e s  i n  f l o o r s  and 

i n t e r m e d i a t e  j o i s t s .  I n  t h e  c a s e  of  homogeneous j o i s t  s t r u c t u r e s ,  

a i r t i g h t n e s s  measures c a n  o f t e n  be l i m i t e d  t o  j o i n t  s e a l i n g  a s  shown 

i n  F i g u r e  A10.2 between j o i s t  s t r u c t u r e / w a l l  and p o s s i b l y  t o  element 

j o i n t s  i n  t h e  bottom j o i s t s  s t r u c t u r e s  a d j a c e n t  t o  crawl  s p a c e s .  An 

i n v e s t i g a t i o n  by AxZn & P e t t e r s s o n  i n  1979 ( 7 )  showed t h a t  of  t h e  

19  mul t i - f ami ly  houses  w i t h  c o n c r e t e  j o i s t s  s t r u c t u r e s  i n v e s t i g a t e d ,  

15 had a i r t i g h t n e s s  f a u l t s  i n  t h e  j o i s t  s t r u c t u r e  c o n n e c t i o n s  a t  

f l o o r s  and c e i l i n g s .  

The edges  o f  t imber  j o i s t s  can  be d i f f i c u l t  t o  s e a l .  If t h e  l eakage  

r o u t e  i s  known, i t  may be p o s s i b l e  t o  s e a l  t h e  l e a k  u s i n g  m a s t i c  

o r  p o l y u r e t h a n e  foam on t h e  i n s i d e .  I t  i s  o f t e n  n e c e s s a r y  t o  t a k e  

t h e  f l o o r  up which can be b o t h  time-consuming and expens ive .  S p e c i a l  

measures may be n e c e s s a r y  i n  o r d e r  t o  a p p l y  t h e  m a s t i c .  

Another method which h a s  been a p p l i e d  w i t h  a c e r t a i n  measure of 

s u c c e s s  i s  t h e  i n j e c t i o n  of  u r e a  formaldehyde foam (carbarnide r e s i n  

foam) around t h e  o u t e r  edge o f  t h e  j o i s t  s t r u c t u r e ,  s e e  F i g u r e  A10.5. 

When c a r e f u l l y  c a r r i e d  o u t ,  t h i s  measure reduces  t h e  a i r  l eakage  

and i n c r e a s e s  t h e  thermal  i n s u l a t i o n .  T h i s  p l a s t i c  does  have 

d i s a d v a n t a g e s ,  however. Since  wa te r  i s  r e l e a s e d  from t h e  foam, i t  i s  

impor tan t  t h a t  foam i s  no t  i n j e c t e d  i n  c a v i t i e s  where d r y i n g  ou t  i s  

p reven ted  by t i g h t  m a t e r i a l  l a y e r s .  The m a t e r i a l  q u a l i t y  i s  dependent 

on t h e  c o n s t i t u e n t s  of t h e  mix and,  c o n s e q u e n t l y ,  o n l y  r e l i a b l e  

c o n t r a c t o r s  should  be engaged f o r  t h e  work. The m a t e r i a l  s h r i n k s  t o  

a  c e r t a i n  e x t e n t  and r e l e a s e s  formaldehyde,  a  m a t t e r  t h a t  must be  

t a k e n  i n t o  c o n s i d e r a t i o n  ( s e e  Chap te r  A B ) .  Other  foams, such a s  

po lyure thane ,  can be used i n  t h e  same way. 

F i g u r e  A10.6 shows a  c o m o n  f a u l t  i n  t h e  t i g h t n e s s  and i n s u l a t i o n  

f u n c t i o n  a t  t h e  e a v e s .  One measure t o  combat t h i s  i s  t o  s e t  up a  

wind b a r r i e r  a t  t h e  edge of  t h e  eaves  w i t h  a  f i l l i n g  o f  c a r e f u l l y  

packed wood c h i p s .  



Leaks be tueen 
undesirable  a i r  leakage 

Timber f loor j o i s t s  o f t e n  provide aq i n f e r i o r  a i r  and vapour 
barr i e r ,  wind barr i e r  and i n s u l a t i o n .  Moisture damage i s  M O ~  

uncommon 

b )  Comon j o i n t  betueen in termedia te  j o i s t  and ex ternal  w a l l .  
Since there  i s  no seal  between beams which l i m i t  t h e  element,  
t here  is o f t e n  a i r  leakage a t  t h e  jo in t  

Designations : 

1 )  

2) 

3 )  

4 )  

Possible  
- 

d r i p  p la t e  

i n t e r n a l  roo f  c ladding poss ib ly  on secondary spaced boarding 

i n t e r n a l  mZZ cladding on a base o f  p l a s t i c  f i l m .  F i l m  o f t e n  
discont inued a t  j o i s t  s t ruc ture  

in termedia te  j o i s t  s t ruc ture  poss ib ly  f i t t e d  ILYith t h i n  
mineral woo l f i l l e r  (acous t i c  duc t  i n s u l a t i o n )  

measures : 

i n t e r n a l  sea l ing  w i th  mas t ic  betueen t h e  uaZl 'S capping and 
t h e  siZZ o f  t h e  eaves.  The f loor  needs t o  be taken  up for 
t h i s  job. Furthermore, i t  may be d i f f i c u l t  t o  apply t h e  
mas t ic  

i n j e c t i n g  urea formaldehyde foam i n t o  t h e  j o i s t  s t r u c t u r e .  
Observe t h a t  water i s  added t o  t h e  s t r u c t u r e  when foaming 
t h u s  demanding f a c i l i t i e s  for drying o u t .  The foam conta ins  
formaldehyde 

Figure A1 0.4. J o i s t  s t r u c t u r e  connections. 



I n s i d e  

In termedia te  
joist structure 

Stri tc turc o r  t h e  interntcdiate 
j o i s t  where i o i r x d  to t hc  
ar [,er W Z l Z (*%m tira~,,iry ) 

c )  Ce l la lar  p l a s t i c  mater-iizl a f t e r  
7:r : j~c t ioq .  

The fol lowirg was carr i ed  out  : 

- 7  
:.CC t Srerrnogr~zphie i nues  tiga+vio?i o f  
Chc baiZdivg oec t ion  be fore  n d  
n f t e r  t h e  work skowed c consider- 
nhlc  improvement, both i x  t h e  
thermal i n s 2 l a t i o n  and t h e  a i r -  
t ichtr ,e83.  The: i?:s.pecl,ioi: was 
carr ied  out  approximate2 y 2 nont hc 
~ z f t e r  t he  work was completed. Thi? 
shrir,ka:jc i n  Che foam rnateriul was 
est imated t o  be approximately 
5 per ccx t  when inspected 

?ig?we A10 .5 .  Zrampla o f  i n j e c t i n g  urea formaZdehyde foam i n  j o i s t  
s t r u c t u r e s  t o  provide s a t i s f a c t o r y  i n s u l n t i o n  and 
a i r t i g h t n e s s .  



a )  Construct ion o f  the  roof  
j o i s t  structscre 

From above: 

50 mm mineral wool w i t h  
wind barr i e r  (paper)  
150 m mineraZ vool  
19 mm secondary spaced boarding 
polyethyZene ( X )  f i lm  
13 ;nm plasterboard 

Ch; pboard 

h )  Faults  observed. I m c c u r a t c  
m t t i q  and f i t t i -ng  o f  t k e  mater ia l  
to the  j o i s t  c t r u ~ t u r e ,  a r t Z y  d x c  
t o  e l e c t r i z a l  equipment Znatal la-  
t i o n .  The i n l m n a l  n i r l i g h t e n i r ~ ~  
Z q e r ,  t h e  polyethylene f i lm,  was 
v ~ t  overlapped a t  t he  corylers and 
a i r  l e a h g e  was observcd 

c )  The following measures were taken:  

An approximately 20 cm t h i c k  layer 
o f  good ch ips  das added t o  tizc 
c x i s t i n n  mizera l  wool i n s u l a t i o n  

V 

wi th  t h e  mater ia l  c a r e f u l l y  packed 
around roof  t m s s c s  ard a t  t he  
cages. The chipboard was PLtted 
a t  t he  eaves par t ly  t o  keep the  
material  i n  place and par t ly  t o  
ensure v e n t i i a t i o n  o f  t he  roof  

The thermographic i x v e s t i g a t i o n  
o f  t h e  Sui ld ing  sec t i o n  a j t e r  the  
work was completed showed t h a t  
t h c  thermal i n w l a t i o n  ard 
a i r t i g h t n e s s  wcre s a t i s f b t o r y  . 
Air leakzge a t  t h e  eaves had ceased 

Figure A I C . 6 .  An a m p l e  o f  f au l t y  i n s u l a t i o n  a d  a i r t i g h t n e m  a t  
t h e  m v e s .  F i l l i n g  was done w i th  wood ch ips  packed 
t i g h t l y  around t h e  s t ruc tura l  i t ems  t o  p r a e n t  a i r  
leakage i n  t he  s t ruc ture .  A p a r t i c l e  board w s  f i t t e d  
t o  provide an  a i r  gap b e t m e n  t h e  roof  and t h e  
minera l woo l .  



A1 0.4 Penetrations 

A i r  l eakage  around i n s t a l l a t i o n  p e n e t r a t i o n s  i s  common and i s  

r e l a t i v e l y  d i f f i c u l t  t o  r e c t i f y  permanent ly ,  p a r t l y  because  p i p e s  and 

d u c t s  a r e  o f t e n  enc losed  and p a r t l y  because  m o i s t u r e  and t empera tu re  

movements a r e  d i f f e r e n t  i n  t h e  s t r u c t u r e  and t h e  a c t u a l  i n s t a l l a t i o n .  

G r e a t  e l a s t i c i t y  i s  r e q u i r e d  o f  t h e  j o i n t i n g  m a t e r i a l  t o  a c h i e v e  a 

permanent s e a l .  

When s e a l i n g  w i t h  m a s t i c  and bottoming w i t h  m i n e r a l  wool a s  shown i n  

F i g u r e  A 1 0 . 7 ,  t h e  m i n e r a l  wool must be packed p r o p e r l y  t o  p rov ide  

s u f f i c i e n t  suppor t  f o r  t h e  m a s t i c .  The wind b a r r i e r  i s  improved on 

t h e  ou t  s i d e .  

Mast ;c 

Enoxre t h a t  t h e  i n s u l a t i o n  f i l l s  the c a v i t y  v e l l  

Figure A1 0 .7 .  There a r e  ' o f t e n  Zeaks where d i f f e r e n t  types  o f  duc ts  
pass through t h e  c e i l i n g .  These a r e  normally d i f f i c u l t  
t o  sea l ,  par t l y  because f i r e  s a f e t y  requirements demand 
that combustible mater ia ls  are  not  used around c e r t a i n  
smoke arsi v e n t i k t i o n  d u c t s .  I t  i s  e s p e c i a l l y  
d i f f i c u l t  t o  seal  when more than one duc t  i s  
penetrat ing t h e  vapour barr i e r  c l o s e  together or  whet? 
a duc t  i s  surrounded b y  i n s u l a t i o n .  

P e n e t r a t i o n s  i n  t h e  j o i s t  s t r u c t u r e  f o r  l o f t  h a t c h e s  o f t e n  show 

c o n s i d e r a b l e  inadequac ies  i n  bo th  a i r t i g h t n e s s  and thermal  i n s u l a t i o n .  



F i g u r e  A10.8 shows two examples of how l o f t  h a t c h e s  can  be  s e a l e d  and 

t h e r m a l l y  i n s u l a t e d  ( 8 ) .  

Cover of cotton, 

I I 
Airlvapour barrier  - / ' ~ ~ e a t h e r s t r i p p l n ~  around perimeter 

1 

Drywall -A (use screws or fastener such a s  

1 sultcase latch to hold hatch tightly 
Acoust~cal sealant aga~nst  weatherstripping 1 

Mineral wool 

v 

board 

Figxre AiG.8. A t t i c  hatch d e t a i l .  

The upper f i gxre  show6 d e t a i l  for t he  a t t i c  hatch. 
Addit ional  we i th t  may be added t o  t he  hatch door t o  
a id  i n  t h e  sea l ing  process.  Bricks attached w i t h  
sealant  have worked we l l .  

The louer f igure  sbzows d e t a i l  o f  an a t t i c  hatch 
opening intxzrds. 

I t  would be far simpler t o  e l iminate  t h e  i n t e r i o r  a t t i c  
hatch and put an opening i n t o  t h e  a t t i c  from the  
o u t s i d e ,  such a s  i n  t h e  gable end o r  t h e  garage. 
( A  lock may be necessary. ) 

A10.5 Floor jo i s t  structures 

S e a l i n g  t h e  complete  j o i s t  s t r u c t u r e  may be n e c e s s a r y  t o  avoid  a i r  

l eakage  through a suspended t imber  f l o o r .  T h i s  may be achieved by 

welding and bonding p l a s t i c  m a t t i n g  provided t h a t  s e a l i n g  under t h e  

i n n e r  w a l l  i s  p o s s i b l e .  

S e a l i n g  by l a y i n g  o u t  p o l y e t h y l e n e  f i l m  below o r  on t o p  of  an e x i s t i n g  

f l o o r  i s  a l s o  p o s s i b l e .  G r e a t  c a r e  must be observed i n  b o t h  c a s e s  



when j o i n i n g  t h e  s e a l i n g  l a y e r  t o  i n t e r n a l  and e x t e r n a l  w a l l s .  

Po lye thy lene  f i l m  on t o p  of  e x i s t i n g  f l o o r s  must be supplemented w i t h  

a  new f l o o r  c o v e r i n g .  Mois tu re  must be c a r e f u l l y  cons ide red  s i n c e  

many o l d e r  j o i s t  s t r u c t u r e s  a r e  des igned  t o  a l l o w  a  c e r t a i n  amount 

of a i r  l eakage  s o  t h a t  a  good m o i s t u r e  b a l a n c e  i s  ma in ta ined  i n  t h e  

s t r u c t u r e .  I n  such c a s e s ,  s e a l i n g  w i t h  p o l y e t h y l e n e  f i l m  can  

d r a s t i c a l l y  change t h e  m o i s t u r e  b a l a n c e  r e s u l t i n g  i n  t h e  r i s k  of 

damage. P a r t i c u l a r  c a r e  should  be e x e r c i s e d  when s e a l i n g  j o i s t  

s t r u c t u r e s  above crawl  s p a c e s .  

An example of  a i r t i g h t e n i n g  u s i n g  paper  i s  i l l u s t r a t e d  i n  F i g u r e  

A10.9. T h i s  i s  a  comprehensive measure and i s  b e s t  c a r r i e d  o u t  i n  

c o n j u n c t i o n  w i t h  t h e  i n s t a l l a t i o n  of supplementary  i n s u l a t i o n  of t h e  

j o i s t  s t r u c t u r e .  

The j o i s t  s t r u c t u r e ' s  wind b a r r i e r  can  o f t e n  be improved from t h e  

u n d e r s i d e  u s i n g  vapour-permeable paper  o r  board.  Changes t o  t h e  

e x i s t i n g  s t r u c t u r e  can t h u s  be avoided.  The p rocedure  can be a s  

o u t l i n e d  i n  F i g u r e  A I O . l O .  The e f f e c t i v e n e s s  of t h e  method i s  

reduced i f  t h e  j o i s t  s t r u c t u r e  edge l e a k s .  

A10.6 Walls 

Older  s t u d  w a l l  s t r u c t u r e s  a r e  sometimes n o t  f u l l y  i n s u l a t e d  and t h e  

workmanship i s  such t h a t  p o s s i b i l i t i e s  f o r  a i r  l eakage  e x i s t s  a t  

s e v e r a l  p o i n t s .  There  i s  a l s o  a  c o n s i d e r a b l e  r i s k  t h a t  wind w i l l  

damage t h e  thermal  i n s u l a t i o n .  Before r e t r o f i t t i n g  i t  i s  n e c e s s a r y  

t o  examine a l l  t h e  c o n s t r u c t i o n a l  d e t a i l s  c a r e f u l l y  and de te rmine  

what can  be done ( 9 ) .  I n  some c a s e s  i t  can  be p o s s i b l e  t o  improve t h e  

w i n d b a r r i e r  and t h e  a i r l v a p o u r  b a r r i e r .  I n  some c a s e s  a d d i t i o n a l  

i n s u l a t i o n  can  be added by i n j e c t i n g  some k ind  of  foam t a k i n g  i n t o  

account  t h e  r i s k s  of m o i s t u r e  and o t h e r  problems,  s e e  F i g u r e  A 1 O . l l .  

In t h i s  c a s e  t h e  r e s u l t  of an e x t e r i o r  a d d i t i o n a l  i n s u l a t i o n  could be 

a b s e n t .  

J o i n t s  between a i r t i g h t  boards  i n  e x t e r n a l  w a l l s  can  o f t e n  be  s e a l e d  

i n  c o n j u n c t i o n  w i t h  w a l l  paper ing  u s i n g  f i l l e r  o r  m a s t i c .  Note t h a t  

t h e  board must be s e a l e d  a l l  round a g a i n s t  t h e  b u i l d i n g  frame. The 

j o i n t i n g  m a t e r i a l  used must be a b l e  t o  absorb  movements i n  t h e  board 

r e s u l t i n g  from s e a s o n a l  and m o i s t u r e  v a r i a t i o n s .  I f  t h e  e x t e r n a l  w a l l  

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



Wind barrier paper as an a ~ r  seal 
Attachment str ip 

Working s t e p s :  

1 1  A f f i x  t he  a t t a c b e n t  s t r i p  t o  t he  m22 

2) Lay t h e  wind barr i e r  a s  an  a i r  seal  on a l l  b l ind  bottoms and over 
t he  f loor j o i s t s  

31 Seal a l l  j o i n t s  and a t t a c h e n t  s t r i p  w i t h  j o in t ing  s t r i p  

4) I n s t a l l  t h e  i n s u l a t i o n  i n  accordance w i t h  t h e  manufacturer ' S  

i n s t r u c t i o n s  

51  Lay out  t h e  vapour barr i e r  and seal  it a t  a l l  j o i n t s  and a t  t h e  
attachment s t r i p  a t  t h e  m l l s  

Figure A10.9. An example o f  a f loor j o i s t  s t ruc ture  above a cold 
area exposed t o  outdoors,  e . g .  above a crawl space. 
I f  t h e  method i s  used above crawl spaces ensure t h a t  
t h e r e  i s  adequate v e n t i l a t i o n  and t h a t  moisture 
emission from t h e  ground i s  i n s i g n i f i c a n t  b y  laying 
a p l a s t i c  f i l m  on t h e  ground i n  t h e  crawl space. Use 
preserved wood t o  t h e  f loor  j o i s t s  and b l ind  bottom. 

T h i s  l a y e r  c a n  b e  p o l y e t h y l e n e  f i l m ,  me ta l  f o i l  o r  paper  of a  

s u f f i c i e n t  s i z e  t o  produce a  minimum of j o i n t s .  The layer must be 

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

A10.12. I n t e r n a l  c l a d d i n g  i s  used a s  a  base  f o r  w a l l p a p e r .  T h i s  

t y p e  o f  measure can  be  s u i t a b l y  combined w i t h  the i n s t a l l a t i o n  of 

supplementary  i n s u l a t i o n .  



Exist ing insulat ion 
Ex l s t l ng  blind bottom 
Add i l  ional i n s u l a t ~ o n  

as air seal 
C lamp1 ng batten 

Attachment s t r i p  

Workirg s t e p s :  

l j Attach a t t a c h e n t  3 t r i p  w i th  a b a t t e n  a t  the  s i l l  round the  wholc 
o f  t h e  foundationo. Then f i t  t h e  i n s u l a t i o n  

2 )  Tack up t h e  wind barr i e r  ao an  a i r  seal  ( t a c k  on ly  a t  t h e  overlap 
jointo) 

3 )  Seal a l l  j o i n t s  and attachment s t r i p  w i th  j ~ i n t i n g  s t r i p s  

Figure A I O .  1 8 .  An a m p l e  o f  s e t t i n g  up a  new wind barr i e r  ox t h e  
underside of a  tirrtber j o i s t  s t ruc t i l re  t o  improve 
a i r t i g h t n e s s .  

I t  may be s i m p l e r  t o  improve t h e  w a l l ' s  wind b a r r i e r  from t h e  o u t s i d e  

i f  t h e r e  i s  a  good vapour b a r r i e r  on t h e  i n s i d e .  As shown i n  F i g u r e  

A10.13, t h i s  method can  be combined w i t h  supplementary  i n s u l a t i o n .  

The advantage o f  working from t h e  o u t s i d e  i s  t h a t  a  c o n t i n u a l  

a i r t i g h t e n i n g  l a y e r  c a n  be a p p l i e d  more e a s i l y .  

To minimize t h e  c o n d e n s a t i o n  r i s k s ,  a  m a t e r i a l  open t o  vapour 

d i f f u s i o n  should  be used on t h e  o u t s i d e .  A m a t e r i a l  t h a t  seems t o  

have t h a t  p r o p e r t y  and s t i l l  a c t s  a s  a  wind and i n f i l t r a t i o n  b a r r i e r  

i s  spunbonded p o l y o l e f i n  which i s  a p l a s t i c  m a t e r i a l .  Exper ience  of 

t h e  u s e  of  t h i s  m a t e r i a l  i s ,  however, l i m i t e d  and p roper  working 

methods f o r  a p p l i c a t i o n  a r e  a s  y e t  unformula ted .  

I n t e r n a l  w a l l s  o f t e n  l e a k  a t  t h e  t o p  and bottom i n  e x i s t i n g  b u i l d i n g s .  

T h i s  means t h a t  i n t e r n a l  w a l l s  o f t e n  a c t  a s  a d d i t i o n a l  v e n t i l a t i o n  

f l u e s  th rough  which c o n s i d e r a b l e  a i r  l eakage  can  t a k e  p l a c e .  Thus 

l eakage  i n  i n t e r n a l  w a l l s  must be s topped i n  c o n j u n c t i o n  w i t h  o t h e r  

s e a l i n g  work. 



Air 

3IL" ri b flanges 
314"- 1" vert ical board~ng 

mal insulat ion 

A;(  

ma l 

Air  

leakage 

~ n s u l a t ~ o n  

leakage 

Figurc A i  0.11 .  S ihd  wall  - rlot f x l  Zy i n s u l a t e d .  I n  t h i s  o lder  
cons t ruc t ion  there  i 3  many p o s s i b i l i t i e s  f g r  air 
ZcnkQges am2 r i s k s  for damag iq  t h e  t h e m a l  
i n m l a t i o n .  



Tiqure A10.12.  ?Jew a i r h a p o u r  barr i e r  on t h e  i n s i d e  o f  ex t e rna l  
waZ l s .  The p l a s t i c  f i lm  mslst be c a r e f h l l y  sealed 
agains t  t h e  f loor ,  c e i l i n g  and wirdows. Use clamped 
j o i n t s  and acous t ica l  s ea lan t .  Try t o  ge t  large 
s i z e  f i lm  i n  order t o  minimize t h e  nwnher o f  j o i n t o .  

T h i s  c a n  be  done from t h e  l o f t  by app ly ing  a  s t r i p  of p o l y e t h y l e n e  

f i l m  which i s  jo ined  t o  t h e  s e a l i n g  l a y e r  of t h e  j o i s t  s t r u c t u r e ;  

s e e  F i g u r e  A10.14. 

Mas t i c  o r  p o l y u r e t h a n e  foam can  be used f o r  narrow g a p s .  

A10.7 Roof spaces 

I n  b u i l d i n g s  w i t h  s u f f i c i e n t  room h e i g h t ,  l eakage  t o  t h e  roof  space  

can  be  prevented by s e a l i n g  and t h e r m a l l y  i n s u l a t i n g  from t h e  i n s i d e  

a s  shown by t h e  example i n  F i g u r e  A10.15. Good s e a l i n g  a g a i n s t  t h e  

w a l l s  i s  important  i f  t h e  measures a r e  t o  be e f f i c i e n t .  P a r t i c u l a r  

a t t e n t i o n  should  be pa id  t o  s e a l i n g  i n t e r n a l  w a l l s  i n  t h e  same 

p l a n e .  

I n  unfurn i shed  l o f t s ,  t h e  j o i s t  s t r u c t u r e  c a n  be t r e a t e d  from above 

i f  t h e r e  i s  s u f f i c i e n t  room, s e e  F i g u r e  A10.16. The wind b a r r i e r  

should n o t  be  improved j u s t  by i t s e l f  s i n c e  m o i s t u r e  d i f f u s i o n  and 



1 )  A t t a c h e n t  s t r i p  I 

2) Wird barr i e r  paper 

3 )  Jo in t ing  s t r i p  

4) A t t a c h e n t  s t r i p  I1 

Working s t e p s :  

5) New facade o f  timber panel 

6 )  Thin  i n s u l a t i o n  

7 )  Ex is t ing  m l l  

8) window frame 

Remove t h e  o ld  facade panel c a r e f u l l y  so t h a t  you can reuse a  large 
part  o f  i t  

1 )  Seal agains t  t h e  woodwork, t he  bottom s i l l  and the  eaves w i n g  
s u i t a b l e  attachment s t r i p s  

2)  As an  a i r  s ea l ,  a f f i x  the  wind barr i e r  neares t  $he o r i g i n a l  
ex ternal  wall  

3 )  F i t  a  na i l i ng  b a t t e n  for t he  facade paxel.  M i l e  na i l i ng  t h e  panel 
boards i n  pos i t ion ,  f i t  facade cladding q u u l i t y  i n s u l a t i o n  t o  
t h e  wind barr i e r  ( f a c e  t h e  paper inwards t o  t h e  m l l )  

Figure A10.13. An example o f  f i t t i ~ g  a  new w i r d  har r i e r  i n  
coi l junct ion w i th  supplementary i n s u l a t i o n  o f  ex t e rna l  
w a l l s .  Y'he house 's  a i r t i g h t n e s s  i s  improved 
considerabZy by a p p l y i w  careyu l l y  thought ou t  
method3 when f i t t i n g  t h e  wind barr i e r  paper. 

convec t ion  c a n  be  t r a n s p o r t e d  through t h e  s t r u c t u r e  and can  condense 

on t h e  wind b a r r i e r  and c a u s e  m o i s t u r e  damage. To avoid  m o i s t u r e  

problems i n  j o i s t  s t r u c t u r e s ,  t h e  a i r t i g h t n e s s  l a y e r  should  be 

i n t e g r a t e d  w i t h  t h e  vapour  b a r r i e r .  



bar 

I I 1 1 E g gypsum boord 

r i e r  A t  structural p a r t i t i o n  
wa l l s  t h e  vapour barr i e r  
i n  t h e  roof j o i s t  
s t r u c t u r e  very  o f t e n  i 3  

d i s c o n t i m o u s  where a 
considerable leakage 
can take  place 

to the airlvapour b )  By using a s t r i p  o f  
barrier wi th  staples ~ o l y e t h y  Zene f i lm  the  
and sealant &ir leakage can be 

S topped 

Figure A10.14. Sealiwg i n t e r n a l  wa l l s .  

I f  necessary seal between wall  and ceil ing w i t h  
compound. Press  the plast ic f ~ l m  to the  wal l  
wi th  battens, complete with ocoust ical  sealant 

Mineral wool sheet 

Ceil ing of board material 

\ Fiaure A l O . 1 5 .  

In ternal  i n s u l a t i o n  o f  a l o f t  
j o i s t  s t r u c t u r e  and t h e  a d d i t i o n  
o f  a r.ew uapolxr barr i e r  f i t t e d  
so t h a t  good a i r t i g h t n e s s  i s  
achieved. 



IL Jointing strip 

Working s t e p s :  

L Air l vopour  barr ier  L L o f t  j o ~ s t  

Remove the  e x i s t i n g  i n s u l a t i o n  

Care fu l ly  seal  aga ins t  t h e  roof  t r u s s e s  and panels w i th  j o in t ing  
s t r i p s  and a t t a c h e n t  s t r i p s  

Lay the  vapour barr i e r  a3 an a i r  seal  agains t  t he  c e i l i n g  and seal 
it w i t h  attachment s t r i p s  and w i th  jo in t ing  s t r i p s  a t  t h e  j o i n t s  

Lay o u t  t h e  i n s u l a t i o n  

Roll  o u t  t he  wind barr i e r  over the  i n s u l a t i o n  and seal  c a r e f u l l y  
again& t h e  vapour barr i e r  a t  t h e  m l Z s  and a t  a22 j o i n t s  w i t h  
jo in t ing  s t r i p s  

.?oil o u t  a  t h i n  layer o f  j o i s t  i n s u l a t i o n  on top  o f  the  wind 
barr i e r  

Figure A10.16 .  An example o f  improvement t o  t h e  wind barr i e r  and 
a i r t i g h t n e s s  i n  conjunct ion  w i th  supplementary 
i n s u l a t i o n  o f  a  roof  j o i s t  s t ruc ture .  

A 1  0.8 A method t o  improve a i r t i g h t n e s s  and 

thermal i n s u l a t i o n  i n  t imber  f l a t  r oo f s  

A c o n s i d e r a b l e  number of t h e  r o o f s  i n  Denmark and Sweden a r e  f l a t  

r o o f s  w i t h  r o o f i n g  f e l t .  Mould and r o t  o f t e n  occur  i n  such r o o f s  ( 1 0 ) .  

One common r e a s o n  i s  t h a t  warm mois t  a i r  p e n e t r a t e s  t h e  roof  c a v i t y  

from t h e  dwel l ing  through l e a k s  i n  t h e  vapour b a r r i e r .  Large amounts 



of m o i s t u r e  may condense on t h e  upper p a r t  of t h e  roof component 

d u r i n g  t h e  w i n t e r  p e r i o d .  T h i s  m o i s t u r e  may s t a r t  f u n g a l  a t t a c k  on 

wood o r  wood-based m a t e r i a l s  i n  t h e  s t r u c t u r e .  It can a l s o  cause  

such movements i n  t h e  roof deck t h a t  t h e  r o o f i n g  membrane may c r a c k ,  

s e e  F i g u r e  A10.17. The r o o f s  must be r e p a i r e d  and provided w i t h  new 

r o o f i n g  membrane. Because of  i n c r e a s i n g  energy c o s t s  i t  i s  s e n s i b l e  

t o  combine t h e  maintenance w i t h  a d d i t i o n a l  i n s u l a t i o n .  

Figure A19.17. 

Penetratior,  o f  mois t  room 
roo f  cctvi Ly . 

crir i n t o  t h e  

A method which h a s  been used i s  t o  add i n s u l a t i o n  on t h e  t o p  of t h e  

e x i s t i n g  r o o f i n g - f e l t ,  b u i l d  up a new j o i s t  and wooden boards  w i t h  

new r o o f i n g  f e l t  and c l o s e  t h e  e x i s t i n g  v e n t i l a t i o n  openings  ( F i g u r e  

A10.18). 

r Wooden boards+ roofing f e l t  

New jo is t  

Ca:l  2s 1 r- 100 mm add; t ion01 insu la t ion  

Figure A10.18. The f i na l  renovat ion o f  t he  'garden' b u s e  r o o f s  a t  
AZber t s lund ,  inc luding  a l s o  further i n s u l a t i o n  o f  the  
facades. The roof  s lope  i s  increased from 1 : l 0 0  t o  
1 : 2 5  and t h e  c a v i t y  above t h e  added i n s u l a t i o n  i s  
v e n t i l a t e d  t o  t h e  o u t s i d e .  f i i s t i n g  roof ing  f e l t  n o w  
a c t s  a s  a vapour barr i e r .  In ternal  g u t t e r s  a t  fasc ia  
boards were replaced by a t e r n a l  g u t t e r s .  



Before t h e  a d d i t i o n a l  i n s u l a t i o n  i s  a p p l i e d ,  c o n d e n s a t i o n  on t h e  

plywood deck depends main ly  on whether t h e  a i r  from rooms c a n  

p e n e t r a t e  t o  t h e  roof c a v i t y  through c r a c k s  and h o l e s  - a i r  l eakage  - 

i n  t h e  vapour b a r r i e r .  The added i n s u l a t i o n  t h i c k n e s s  should  n o t  be  

l e s s  t h a n  100 mm. The r e a s o n  i s  t h a t  t h e  t h i c k n e s s  of t h e  a d d i t i o n a l  

i n s u l a t i o n  must be  s u f f i c i e n t  t o  p reven t  - under  e x i s t i n g  t e m p e r a t u r e ,  

m o i s t u r e  and p r e s s u r e  c o n d i t i o n s  - d e t r i m e n t a l  c o n d e n s a t i o n  which 

o c c u r s  on t h e  o r i g i n a l  roof deck which, a f t e r  t h e  a p p l i c a t i o n  of t h e  

i n s u l a t i o n ,  s e r v e s  a s  a  new a i r  vapour  b a r r i e r .  

A10.9 Sea l ing  o f  t h e  e n t i r e  envelope 

A method f o r  s e a l i n g  t h e  complete  c l i m a t e  s h e l l  h a s  been t e s t e d  i n  

Saskatoon,  Canada. A detached house was comple te ly  covered w i t h  

p o l y e t h y l e n e  f i l m  from t h e  o u t s i d e .  Thick a d d i t i o n a l  i n s u l a t i o n  was 

c a r e f u l l y  f i t t e d  t o  t h e  house and a  new f a c a d e  l a y e r  was e r e c t e d .  The 

p rocedure  used i s  d e s c r i b e d  i n  d e t a i l  by Marshal1 & Argue ( 1 1 ) .  A 

number of c a s e  s t u d i e s  a r e  p r e s e n t e d  of  houses  which achieved s a v i n g s  

i n  space  h e a t i n g  requ i rements  of approx imate ly  7 5  p e r  c e n t .  

I t  i s  impor tan t  i n  c a s e s  such a s  t h i s  f o r  t h e  e x t e r n a l l y  f i t t e d  

i n s u l a t i o n  t o  be c a r e f u l l y  f i t t e d  and t h a t  co ld  b r i d g e s  a r e  avoided 

t o  p reven t  c o n d e n s a t i o n  on t h e  i n s i d e  of  t h e  p o l y e t h y l e n e  f i l m .  

When c o r r e c t l y  t r e a t e d ,  t h e  house i s  a s  good a s  a  new one .  P r a c t i c a l  

e x p e r i e n c e  of long  term energy s a v i n g s  i s  l a c k i n g ,  however. 

A1 0.1 0 House Doc to r  ' S Program 

The program was produced and developed by P r i n c e t o n  U n i v e r s i t y  i n  

c o n j u n c t i o n  w i t h  t h e  Twin R i v e r s  p r o j e c t  i n  New J e r s e y ,  United S t a t e s ,  

t o  a n a l y s e  energy usage  and t o  c a r r y  ou t  s imple  energy  s a v i n g  

measures i n  a  l a r g e  number of  b u i l d i n g s  i n  a  r a t i o n a l  and s i m i l a r  

f a s h i o n  ( 1 2 ) .  The method has  been subsequen t ly  r e f i n e d  and i s  

d e s c r i b e d  h e r e  i n  i t s  e n t i r e t y  d e s p i t e  t h e  f a c t  t h a t  it i n c l u d e s  

more t h a n  a i r t i g h t n e s s  measures .  

The program i s  conducted by a  w e l l - t r a i n e d  team of  two o r  t h r e e  

p e r s o n s  who hand le  t h e  energy a n a l y s i s  and r e t r o f i t t i n g .  The house  

d o c t o r s  u s e  a  c a r e f u l l y  s e l e c t e d  k i t  of  i n s t r u m e n t s  t o  speed t h e i r  

house d i a g n o s e s  of  energy l o s s  (13) ;  s e e  F i g u r e  A10.19. The end 



The e m r g y  a u d i t i r g  equipment i nc ludes :  c m e r a  A; m e a s u r i q  s t i c k  t o  
appear i n  ou te r  m22 pkotographs B; furnace e f f i c i e n c y  measuring 
dev i ces  C; appl iance energy consumption meter 3; portable  i n f rared  
scnnnirg equipment E; temperature measurement probes ( A C  ard b a t t e r y  
pouered) F;  ( i n s e r t )  t h e  blower door assembled i n  a doorway where 
p r i r z i p l e  componects inc lude  G;  t he  lower* door ( 1 8 i n . )  Slower 
powered by a var iab le  speed DC motor H;  and blower door con t ro l  par~eZ 
w i t h  d i f f e r e n t i a l  pressure and rpm readout J .  Clipboards, K ,  are  ased 
t o  record on-s i te  da ta .  

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

t a k e s  p l a c e  d u r i n g  t h e  v i s i t  of  t h e  team. Although a  g i v e n  house may 

c a l l  f o r  a  change i n  p rocedures  t o  meet c e r t a i n  p a r t i c u l a r  needs ,  

t h e r e  i s  a  recommended approach t h a t  i s  d e s c r i b e d  below. 

PROCEDURE 

The prodecure  t h a t  h a s  been used i n  t h e  house d o c t o r  approach b e g i n s  

w i t h  an  e x t e r n a l  examinat ion of t h e  s t r u c t u r e ,  s i z i n g  t h e  house and 

c a t a l o g u i n g  i t s  important  f e a t u r e s .  The o b j e c t i v e  i s  t o  measure t h e  

s i z e  of d w e l l i n g  and t o  record  t h e  e x t e r i o r  d e t a i l s  of t h e  s t r u c t u r e .  



During t h e  p r e l i m i n a r y  p o r t i o n  of  t h e  v i s i t ,  any energy problems 

encountered by t h e  homeowners a r e  a l s o  noted:  co ld  rooms, l o c a l i z e d  

d r a u g h t s ,  i n a d e q u a t e  i n s u l a t i o n ,  poor windows, e t c .  The f i n a l  i tem 

i s  a  room-by-room survey t o  de te rmine  how w e l l  t h e  t empera tu re  i s  

balanced and whether t h e  t h e r m o s t a t  ( S )  i s  f u n c t i o n i n g  p r o p e r l y .  A 

m u l t i p l e  s e t b a c k  c l o c k  t h e r m o s t a t  may be i n s t a l l e d  by t h e  house  

d o c t o r  s o  t h a t  t e m p e r a t u r e s  c a n  be programmed o v e r  t h e  f u l l  24-hour 

day ( t h i s  i n c l u d e s  dayt ime s e t b a c k  when a p p r o p r i a t e ) .  For  r e s i d e n t s  

no t  c u r r e n t l y  s e t t i n g  t h e i r  t empera tu re  back a t  n i g h t  (bu t  who would 

do s o  i f  a  c l o c k  t h e r m o s t a t  were a v a i l a b l e )  t h e s e  t h e r m o s t a t s  would 

be  v e r y  c o s t - e f f e c t i v e .  

The nex t  p r i o r i t y  i s  t o  de te rmine  t h e  l e a k i n e s s  of t h e  b u i l d i n g  

envelope.  A Blower Door, a  l a r g e  c a l i b r a t e d  mul t i speed  f a n  system, 

i s  i n s t a l l e d  i n  a n  e x t e r i o r  doorway and t h e  house i s  p r e s s u r i z e d  

( s e e  Chapter  A l l ) .  The amount of f low r e q u i r e d  t o  p r e s s u r i z e  ( o r  

d e p r e s s u r i z e )  t h e  house  o v e r  a  r ange  of  p r e s s u r e  l e v e l s  i s  r ecorded .  

T h i s  t e s t  not  o n l y  i n d i c a t e s  t h e  amount of l e a k a g e ,  bu t  r a t e s  t h e  

house  w i t h  o t h e r s  a s  t o  t i g h t n e s s .  Should t h e  house  be s u f f i c i e n t l y  

t i g h t  f u r t h e r  l e a k  s e a l i n g  i s  no t  n e c e s s a r y .  P r i n c e t o n  h a s  s e t  6 a c / h  

a t  50 Pa a s  a  temporary c r i t e r i o n .  The 6 a c / h  i s  when p r e s s u r e  

t e s t i n g  w i t h  v e n t s  and s t a c k s  unplugged and f o r  a house  n o t  making 

u s e  of  mechanical  v e n t i l a t i o n .  R e s u l t s  from p r e s s u r i z a t i o n  t e s t s  and 

l e v e l s  of  a i r t i g h t n e s s  i n  b u i l d i n g s  i n  d i f f e r e n t  c o u n t r i e s  have been 

d i s c u s s e d  e a r l i e r  i n  Chapter  A 3 .  

Leak s i t e  d e t e c t i o n  b e g i n s  w i t h  t h e  a t t i c .  A s l i g h t l y  p r e s s u r i z e d  

house  means t h a t  a  g r e a t e r  t h a n  normal amount o f  a i r  i s  f o r c e d  

th rough  a  v a r i e t y  of a t t i c  f l o o r  l eakage  s i t e s .  These l e a k s  a r e  

d e t e c t e d  by scann ing  t h e  a t t i c  f l o o r  w i t h  p o r t a b l e  i n f r a r e d  equipment. 

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

t h e  i n f r a r e d  t echn ique .  "Bypasses" from i n t e r i o r  w a l l s ,  plumbing 

s t a c k s ,  e l e c t r i c a l  f i x t u r e s  and w i r i n g  h o l e s  a r e  j u s t  a  few of t h e  

l e a k s  t h a t  a r e  d e t e c t e d .  O f t e n  t h e r e  a r e  l a r g e  energy l o s s  s i t e s  due 

t o  lowered ( s o f f i t )  c e i l i n g s ,  whole house  f a n  open ings ,  s p e c i a l  

p i p i n g  o r  d u c t i n g  c h a s e s ,  e t c .  These s i t e s  f r e q u e n t l y  have l eakage  

l e v e l s  t h a t  demand immediate a t t e n t i o n .  Large open ings  a r e  s e a l e d  

w i t h  a  p l a s t i c  s h e e t  p laced  o v e r  t h e  l e a k  and under  t h e  i n s u l a t i o n .  

Smal ler  openings  a r e  s e a l e d  w i t h  foam, compressed g l a s s  f i b r e ,  

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



and r e q u i r e s  w e a t h e r s t r i p p i n g  o r  perhaps  a n  i n s u l a t e d  s e a l i n g  cover  

t o  c u r e  t h e  problem. Any s e a l i n g  improvements can  be  measured w h i l e  

t h e  Blower Door i n s t r u m e n t a t i o n  i s  i n  p l a c e .  I n  t h i s  way t h e  house  

d o c t o r  knows t h a t  p r o g r e s s  i s  be ing  made - t h e  p a t i e n t  i s  improving.  

Next t h e  house i s  d e p r e s s u r i z e d  by r e v e r s i n g  t h e  Blower Door f a n .  

Under t h e s e  c o n d i t i o n s  c e i l i n g  l eakage  c a n  be  doub le  checked from t h e  

i n s i d e .  Now we a r e  d e a l i n g  w i t h  c o o l e r  s u r f a c e  a r e a s  (under  h e a t i n g  

season  c o n d i t i o n s ) .  Inadequa te  i n s u l a t i o n  and t h e  p resence  o f  l e a k s  

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

i n f r a r e d  viewer  i s  used t o  su rvey  a l l  t h e  i n t e r i o r  s u r f a c e s  of  t h e  

house.  I n t e r i o r  w a l l s  r e c e i v e  equa l  a t t e n t i o n  i n  t h i s  su rvey .  P i p i n g  

and w i r i n g  th rough  t h e  i n t e r n a l  w a l l s  o f t e n  a r e  t h e  cause  o f  major 

l e a k a g e  p a t h s  from t h e  l i v i n g  space  o r  basement t o  t h e  a t t i c .  T h i s  

c o n d i t i o n  r e s u l t s  i n  c h a r a c t e r i s t i c  coo l  s t r i p e s  ex tend ing  from 

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

S o f f i t  c e i l i n g s  appear  a s  c o o l  a r e a s  i n  need o f  an  a t t i c  s e a l .  The 

f l o o r  i s  a l s o  scanned i n  t h e  i n t e r n a l  s u r f a c e  check .  Often l eakage  

a l o n g  t h e  f l o o r - w a l l  j o i n t  i s  a  major s o u r c e  o f  a i r  i n f i l t r a t i o n ,  a s  

a r e  t h e  e l e c t r i c a l  o u t l e t s .  The l a t t e r  l e a k s  may be  cured u s i n g  

c l o s e d - c e l l  p l a s t i c  g a s k e t s  a s  a  r e t r o f i t  measure.  T r a n s p a r e n t  

c a u l k i n g  on t h e  j o i n t s  a long  f l o o r  edges  and around windows can prove 

t o  be  ve ry  worthwhi le .  T h i s  t i g h t e n i n g  p r o c e s s  t y p i c a l l y  y i e l d s  10-35 

p e r  c e n t  improvement i n  reduced a i r  i n f i l t r a t i o n  i n  t h e  d w e l l i n g s  

i n v e s t i g a t e d  . 

Having ca ta logued  problems i n  t h e  b u i l d i n g  envelope due t o  a i r  

l eakage  and i n s u l a t i o n  shor tcomings ,  a t t e n t i o n  i s  next  tu rned  t o  t h e  

h e a t i n g  sys tem.  Both o i l  and g a s  f i r e d  systems have shown marked 

improvements th rough  tune-up. Remember a  5 p e r  c e n t  improvement on a  

h e a t i n g  sys tem w i t h  a  70 p e r  c e n t  s e a s o n a l  performance t r a n s l a t e s  

i n t o  a  more t h a n  7 p e r  c e n t  o v e r a l l  g a i n .  The house  d o c t o r  should  u s e  

t h e  b e s t  measur ing equipment a v a i l a b l e  f o r  t h e s e  t e s t s .  D i r e c t  

r eadou t  of  performance i s  h e l p f u l  s o  t h a t  t h e  t e s t s  and adjus tment  i f  

n e c e s s a r y  may be done i n  about  1 5  m i n u t e s .  T h i s  may prove t o  be t h e  

c o n s e r v a t i o n  measure w i t h  t h e  f a s t e s t  payback. S ince  t h i s  check t a k e s  

p l a c e  a f t e r  t h e  Blower Door t e s t i n g  t h e  house h a s  cooled down, 

e n s u r i n g  r e a s o n a b l y  long b u r n e r  o p e r a t i o n  t i m e s .  

L a s t  b u t  not  l e a s t  i n  t h e  c h e c k l i s t  f o r  t h e  house d o c t o r  i s  t h e  

i n s p e c t i o n  of  major a p p l i a n c e s .  G e n e r a l l y ,  a d d i t i o n a l  i n s u l a t i o n  on 



t h e  o u t s i d e  of g a s  and e l e c t r i c  wa te r  h e a t e r s  have a r e l a t i v e l y  s h o r t  

payback p e r i o d .  The ho t  wa te r  t empera tu re  should  be s e t  a s  low a s  

p o s s i b l e  t o  meet household needs .  Th i s  s e t b a c k  can save a s  much a s  

upgrading t h e  i n s u l a t i o n .  Where needed, f low l i m i t i n g  d e v i c e s  should  

be employed i n  showers and s i n k s .  The r e f r i g e r a t o r  may r e q u i r e  some 

a d d i t i o n a l  m o n i t o r i n g  i f  q u e s t i o n s  a r i s e  a s  t o  i t s  performance.  

P r i n c e t o n  U n i v e r s i t y  has  developed a  s imple  mete r  t h a t  p r o v i d e s  such 

d a t a  by m o n i t o r i n g  over  a  24 hour p e r i o d .  T h i s  me te r  measures t h e  

cumula t ive  energy consumption and a v o i d s  t h e  problem c r e a t e d  by on 

and o f f  c y c l e s  of t h e  compressor ,  f a n s  and o t h e r  components. 

RETROFITS WHICH MAY BE PERFORMED D U R I N G  HOUSE DOCTOR'S VISIT 

{where a p p l i c a b l e ,  a f t e r  Dut t  ( 1 4 ) )  

o Insu la t e  water heater  w i th  3 ,m (9-11 foil-backed g las s  
f i b re  i m u l a t i o r , .  

o In su la t e  f i r s t  3 metres o f  hot m t e r  pipe fr~om qmter h a t e r .  

o With homeowner's permission t u r n  w t e r  heater  temperature 
d m n  t o  5 0 ' ~ .  Show homeowner hos t o  turn  temperature up i f  
500C i s  unsatCsfactory . 

o With homeowner ' S  permission i n s t a l l  low-,%X shower head ( S )  

or  DOE shower flow c o n t r o l l e r s .  Leave o l d  one b e h i d .  Show 
homeowner how t o  change it back i f  u n s a t i s f i c t o r y .  

With homeowner's permission i n n t a l l  s ink  tap areators .  

I n s t a l l  foam gaske ts  behind a few leaky swi tchpla tes  and 
e l e c t r i c a l  o u t l e t s .  Leave a s e t  o f  gaskctn fori homeowner t o  
i n s t a l l  on  t h e  r e s t  o f  t he  swi tchpla tes  and o u t l e t s .  

I f  a t t i c  door or  t rap  door i s  not  inc;ttZated then  s tap le  or  
glue 200 m t h i c k  i n s u l a t i o n  on door. (Use :Q0 mm i f  200 
w i l l  not  f i t . )  Add addi t ional  weight ( e . g .  a  b r i c k )  i f  a  
t rap  door i s  too  l i g h t  t o  sea2 properly ( s e e  Figure A1  0.8). 

Weatherstr ip a t t i c  door. 

Seal around p lmb ing  pipes and e l e c t r i c a l  wires  where they  
penetrate  t h e  a t t i c  f loor.  

S t u f f  openings around furnace f lue  w i t h  g l a s s  f i b re .  

Seal openings over dropped c e i l i q s  uciwj  polyethylene 
ahee t i r y  and beot  fastening method. 

Seal leaky duc t s  i n  a t t i c s  and basements. 

Sea2 ( w i t h  caulking compound o r  caulking rope )  t he  gap 
betueen foundation wall  and s i l l  p la te .  



Seal o ther  major leakage s i t e s  i d e n t i f i e d  during the  a u d i t .  

Replace furnace a i r  f i l t e r  i f  necessary,  

Adjust  furnace t o  m a x i m  s teady-s ta te  e f f i c i e n c y .  

S e t  back plenum temperature a t  which fwnace fan goes oyf 
t o  3 8 O ~ .  

I n s t a l l  c lock  thermostat .  
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METHODS OF AIR INFILTRATION MEASUREMENTS 

A schemat ic  overview of d i f f e r e n t  methods f o r  i n f i l t r a t i o n  measurements 

i s  given i n  Tab le  A11.1. T h i s  t a b l e  c o n t a i n s  t h e  advantages  and 

d i s a d v a n t a g e s  of each method. 

Table A1 l. 1 .  Comparison of methods for air infiZtration measurements. 

Yet hod Advuntages  Di sadvan tagee  R e s u l t  

Uece rmina t ion  
of a i r  chnngrs  
( v e n t i l a t i o n )  
i n  whole b u i l -  
d i n g s  u r  p a r t  
of t h e  b u i l -  
d i n g s  ( s i n g l e  
rooms) 

D e t e r m i n a t i o n  
of t h e  a i r -  
t i g h t n e s s  o f  
t h e  h u i l d i n g  
enve lope  

Q u n l l t a t i v e  
d e t c c t i o n  of 
a i r  l e a k a g e  
s i t e s  

T r a c e r  g n s  Gives i n f o r m a t i o n  
( i n s t a n t a n e o u s )  clbout v e n t i l a t i o n  

r a t e  under  runn ing  
c o n d i t i o n s .  
Kecds r e l a t i v e l y  
cheap equipment 

T r a c e r  g n s  
( c o n t i n u o u s )  

'I r a c e r  Has 
( c o n t a i n e r  
s ampl ing )  

h71ole house  
p r e s s u r i z a t i o n  

Components 
pressurization 

Thermogrnphy 

Smoke p e n c i l  

G ives  i n f o r m a t i o n  
abou t  t h e  v e n t i l n -  
t l o n  r n t r  o v e r  a  
l o q e r  p e r i o d  
under  d i f f e r e n t  
o p e r a t i o n  
c o n d i t i o n s  

Simple  t o  h a n d l e  
and cheap  method 

Gives  i n t u n n a t  i on  
about  t h e  l e a k i -  
n e s s  o f  t h e  b u l l -  
d i n g  enve lope .  At 
h igh  d i f f e r e n c e  
i n  p r e s s u r e   he^- 
ween i n -  and o u t -  
s i d e .  t h e  method 
i s  m o s t l y  indepen-  
den t  o i  wenthcr  
c o n d i t i o n s .  Cheap 
equ ipmen t .  Ensy 
t o  h a n d l e  

A p o s v i b l l i t y  t o  
q u a n t i f y  s i r l e a k -  
nge th rough  b u i l -  
d i n g  component S .  

S i o ~ p l e  equipment . 
R e l a t i v e l y  e a s y  
t o  h a n d l e  

Gives  in fo rma t  i on  
nhout  l eakage  
s i r e s  and N L  Lhe 
same t ime  d e l r r l s  
i n   he thermal  In -  
n u l n t i o n .  Lsn be 
used a s  r o n t r o l  
o f  w o r h a n s h i p  

Gives  i n f o r m n t i o n  
about  l eakage  
s i t e s  and a i r  
movcment S. Very 
s imp le  and cheup 
method 

I n d i r e c t  method. 
R e s u l t  depend8 
on n c t u a l  weachr r  
c o n d i t i o n s .  
Mixing i s  d i f i i -  
c u l t .  S e c d ~  s p e c i a l  
t r a i n i n g  

I n d i r e c t  method. 
Expensive  equipment 
Needs specialists. 
Can o n l y  be used 
In  r e s c a r c h  and 
developmenl  
p r o j e c t s  

I n d i r e c t  method.  
Low c o n t r o l  of 
t o k i n g  samples  

Gives  no iniorrna- 
t i o n  about  a c t u a l  
v e n t i l a t i o n  d e g r e c .  
G i v r s  i n f o r m a t i o n  
about  a i r l r r ~ k a g e  
u t  o t h e r  p r e s s u r e  
d i f  f r r e n c e s  t h a n  
o p c r a ~ i n g  c o n d i -  
t i on .*  

Taker t ime  t o  nd-  
j u s t  t h e  equipment 
t o  u c t u n l  
component 

~ x p e n s i v e  <%quip-  
mcnt .  Seeds  tempc- 
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A l l . l  Tracergas  

The t r a c e r  g a s  method can be used t o  measure t h e  amount of 

v e n t i l a t i o n  i n  a  v a r i e t y  of  s p a c e s ,  such a s  h o u s e s ,  apa r tments  i n  

apar tment  b u i l d i n g s ,  o f f i c e s ,  e t c .  The v e n t i l a t i o n  r a t e  i s  u s u a l l y  

dependent upon t h e  ambient weather  c o n d i t i o n s ,  and so  t h e  r e s u l t s  of 

t r a c e r  g a s  measurements can  t h e r e f o r e  v a r y  c o n s i d e r a b l y  wi th  

t empera tu re  and wind. For t h i s  r eason  long term averag ing  of  a i r  

i n f i l t r a t i o n  i s  necessa ry  f o r  a s s e s s i n g  energy l o s s e s  due t o  a i r  

i n f i l t r a t i o n .  

The u s e  of t r a c e r  g a s ,  a s  t h e  name i m p l i e s ,  p r o v i d e s  a  method by 

which t h e  a i r  i n  t h e  b u i l d i n g  can  be i d e n t i f i e d  s o  t h a t  a n  assessment  

c a n  be  made as  t o  how much o u t s i d e  a i r  r e p l a c e s  i t .  A smal l  q u a n t i t y  

of t r a c e r  g a s  i s  added ( seeded)  and mixed w i t h  a i r  i n  t h e  b u i l d i n g  

under measurement. Over t i m e ,  t h e  c o n c e n t r a t i o n  decay i s  observed i n  

t h e  s m a l l e s t  home o r  t h e  l a r g e s t  b u i l d i n g  complex ( 1 - 7 ) .  A wide c h o i c e  

o f  t r a c e r  g a s e s  i s  a v a i l a b l e ,  b u t  based on t h e  c r i t e r i a  o f  s a f e t y ,  

s i m p l i c i t y ,  q u a n t i t y ,  and c o s t  c e r t a i n  g a s e s  have proved t o  be 

p r e f e r a b l e  ( 5 ) .  Some common c h o i c e s  a r e  s u l p h u r  b e x a f l u o r i d e  (SF6) ,  

n i t r o u s  o x i d e  (N 0 )  and e t h a n e  ( C  H ) .  S p e c i f i c  l i m i t s  f o r  2 2 6 
c o n c e n t r a t i o n s  of t h e s e  g a s e s  e x i s t  i n  occupied rooms. 

I t  can be q u e s t i o n e d  whether t r a c e r  g a s  measurements a r e  p r o p e r l y  

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

one  i s  i n t e r e s t e d  i n  hea t  l o s s e s  from v e n t i l a t i o n  o r  indoor  a i r  

q u a l i t y  t h e n  t h e  d e g r e e  of mixing between t h e  o u t s i d e  and i n s i d e  a i r  

i s  v e r y  i m p o r t a n t .  The mixing a c t i o n  between o u t s i d e  a i r  l e a k i n g  i n t o  

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

p e r f e c t  mixing and no mixing a t  a l l .  T h i s  l a t t e r  extreme can  mean 

t h a t  t h e  o u t s i d e  a i r  e i t h e r  p a s s e s  t h e  i n s i d e  a i r  i n  some way 

wi thou t  mixing w i t h  i t ,  o r  t h a t  i t  p r o p e l s  t h e  "old" a i r  b e f o r e  it  

l i k a  a f r o n t .  The mixing i t s e l f ,  u s i n g  f a n s ,  can  a l s o  i n f l u e n c e  t h e  

a i r  changes .  

As t h e  mixing between t h e  t r a c e r  g a s  and t h e  a i r  i n  t h e  b u i l d i n g  c a n  

never  be a b s o l u t e l y  p e r f e c t  measurements made a t  a  s i n g l e  p o i n t  i n  

t h e  t e s t  space  a r e  sometimes not  r e a l i a b l e  measures of t h e  c o n d i t i o n  

of t h e  space  a s  a  whole. T h i s  problem c a n  be d e a l t  w i t h  i n  p r a c t i c e  

by means o f  t h e  fo l lowing  t h r e e  a l t e r n a t i v e s .  



1 > A i r  i s  c o l l e c t e d  a t  a number o f  p o i n t s  and mixed t o g e t h e r ,  
a f t e r  which t h e  c o n c e n t r a t i o n  of t r a c e r  g a s  i n  t h e  m i x t u r e  
i s  used i n  c a l c u l a t i n g  t h e  v e n t i l a t i o n  r a t e .  

2 )  The r a t e  o f  d e c r e a s e  of  c o n c e n t r a t i o n  i s  measured a t  s e v e r a l  
p o i n t s  and t h e  measurement p o i n t  which e x h i b i t s  a  r a t e  o f  
d e c r e a s e  which i s  n e a r e s t  t o  t h e  a v e r a g e  r a t e  from a l l  p o i n t s  
i s  s e l e c t e d  and used t h e r e a f t e r .  

3 )  The d e c r e a s e  i n  c o n c e n t r a t i o n  i s  measured a t  s e v e r a l  p o i n t s  
and t h e  average  v a l u e  i s  used when c a l c u l a t i n g  t h e  
v e n t i l a t i o n  r a t e .  

The d e t e c t i o n  equipment i t s e l f  i s  r a t h e r  s o p h i s t i c a t e d  ( 5 ) .  For 

example, t o  d e t e c t  SF6 one v e r s i o n  o f  t h e  equipment i n c l u d e s  a  

p o r t a b l e  g a s  chromatograph,  coupled t o  a n  e l e c t r o n  c a p t u r e  d e t e c t i o n  

sys tem.  The g a s  chromatograph s e p a r a t e s  t h e  SF6 from o t h e r  background 

g a s e s ,  i n c l u d i n g  oxygen, and t h e  d e t e c t o r  s u p p l i e s  t h e  q u a n t i t a t i v e  

i n f o r m a t i o n  a s  t o  t h e  a c t u a l  g a s  c o n c e n t r a t i o n .  The s e n s i t i v i t y  of 

c u r r e n t  equipment a l lows  c o n c e n t r a t i o n s  below one p a r t  p e r  b i l l i o n  t o  

be measured,  thus  t h e  amount of  SF n e c e s s a r y  t o  seed a  t y p i c a l  house  
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i s  l e s s  t h a n  40  cm3 ( 3 ) .  Such equipment i s  r a t h e r  e x p e n s i v e .  

D e t e c t o r s  f o r  o t h e r  t r a c e r  g a s e s ,  however, a r e  o f  comparable 

complexi ty  and c o s t ,  and use  such p r i n c i p l e s  a s  the rmal  c o n d u c t i v i t y ,  

chemiluminescence and n o n d i s p e r s i v e  i n f r a r e d  d e t e c t i o n .  

The u s e  of  t r a c e r  g a s  t e c h n i q u e s  c a n  i n v o l v e  a n y t h i n g  from a  s h o r t  

term check of a n  hour o r  so ,  t o  long term m o n i t o r i n g  of  a  week o r  

even a  yea r  o r  more. For t h e  s h o r t  term t e s t s ,  t h e  d e t e c t o r  can  be 

brought  t o  t h e  s i t e  and ( a f t e r  seed ing  w i t h  t h e  a p p r o p r i a t e  amount of 

t r a c e r  g a s )  t h e  c o n c e n t r a t i o n  decay i s  moni tored o v e r  a  pe r iod  o f  two 

h o u r s .  

Another approach i s  t o  seed and t h e n  g a t h e r  samples of  t h e  b u i l d i n g  

a i r  i n  bags o r  b o t t l e s .  Sampling b e f o r e  and a f t e r  r e t r o f i t s  can  be 

done i n  t h i s  manner. These c o n t a i n e r s  a r e  then analyzed back a t  t h e  

l a b o r a t o r y .  

Automated m o n i t o r i n g  r e q u i r e s  more complex equipment.  Such equipment ,  

i f  i t  u s e s  d i s c r e t e  sampling t o  o b s e r v e  the  t r a c e r  g a s  c o n c e n t r a t i o n  

decay ,  r e q u i r e s  t h a t  p e r i o d i c a l l y  new t r a c e r  g a s  must be i n j e c t e d  and 

t h a t  t h e  r e a d i n g s  must be recorded  on a  r e g u l a r  b a s i s .  An example o f  

such an automated system t h a t  has  been developed f o r  a v a r i e t y  of a i r  

i n f i l t r a t i o n  measurement a p p l i c a t i o n s  i s  d e s c r i b e d  R e f s .  ( 3 )  and ( 4 ) .  



The most r e c e n t  development i n  t h i s  t y p e  o f  equipment u s e s  a  

microcomputer t o  c o n t r o l  sampling from a  v a r i e t y  of b u i l d i n g  l o c a t i o n s  

( 6 ) .  Using t h i s  computer,  t h e  o u t p u t  i s  immediately c a l c u l a t e d  i n  a i r  

changes p e r  hour and t h e  d a t a  a r e  s t o r e d  on a  f l o p p y  d i s c .  

Depending upon t h e  a c t u a l  d e t a i l s  of t h e  equipment and methods,  

measurements c a n  be made i n  accordance  w i t h  one o f  t h e  fo l lowing  

v a r i a n t  S : 

o d e c r e a s i n g  g a s  c o n c e n t r a t i o n  

o c o n s t a n t  g a s  emiss ion  

o c o n s t a n t  g a s  c o n c e n t r a t i o n .  

The d e c r e a s i n g  g a s  c o n c e n t r a t i o n  method i s  most commonly u s e d .  The 

govern ing  r e l a t i o n s h i p  f o r  t h i s  t r a c e r  g a s  decay t e c h n i q u e  i s  ~ e e r ' s  

law a s  s t a t e d  

where C i s  t h e  c o n c e n t r a t i o n  a s  a  f u n c t i o n  o f  t ime ,  t .  C i s  t h e  
0 - 1 

i n i t i a l  c o n c e n t r a t i o n  and n  i s  t h e  a i r  i n f i l t r a t i o n  r a t e  ( h r  ) .  

Another approach u s i n g  t r a c e r  g a s  u t i l i z e s  a  c o n s t a n t  gas  emiss ion  

t e c h n i q u e  ( 4 ) .  T h i s  means t h e  t r a c e r  g a s  i s  s t e a d i l y  i n j e c t e d ,  

t h e r e b y  minimizing mixing problems between t r a c e r  g a s  and t h e  house 

volume under measurement. S i n c e  t h e  c o n c e n t r a t i o n  i s  n o t  c o n s t a n t ,  a  

volume term w i l l  be p r e s e n t  and t h e  e q u a t i o n  i s  

where Q = t h e  i n f i l t r a t i o n  

F = t h e  f l o w  o f  t r a c e r  g a s  

V - t h e  e f f e c t i v e  volume. 

The change i n  t r a c e r  g a s  c o n c e n t r a t i o n  i s  r ecorded  u s i n g  a n  

a p p r o p r i a t e  d e t e c t o r .  Tha t  p o r t i o n  of t h e  record  where t h e  

c o n c e n t r a t i o n  changes a r e  smal l  r e p r e s e n t s  t h e  c o n d i t i o n  where t h e  

second term i n  t h e  e q u a t i o n  above r e p r e s e n t s  a  smal l  c o r r e c t i o n .  The 

system c a n  r u n  f o r  d a y s  and t h u s  g i v e s  con t inuous  i n f i l t r a t i o n  



measurements.  One d i s a d v a n t a g e  o f  t h e  sys tem i s  t h a t  l a r g e  changes 

of t h e  a i r  i n f i l t r a t i o n  r a t e  w i l l  d r i v e  t h e  g a s  a n a l y s e r  o f f  t h e  

s c a l e ,  t h u s  l o s i n g  t h e  d a t a  ( 7 ) .  

A s  p r e v i o u s l y  d i s c u s s e d ,  long  term averag ing  of a i r  i n f i l t r a t i o n  i s  

n e c e s s a r y  f o r  p roper  a s sessments  of a s s o c i a t e d  energy  l o s s .  A s i m p l e r ,  

low-cost v e r s i o n  of t h e  c o n s t a n t  f low system i s  b e i n g  used t o  meet 

t h i s  need.  The sys tem makes u s e  o f  two sampling pumps. One s lowly 

pumps a  bag of t r a c e r  g a s  (SF6) i n t o  t h e  home o v e r  a p e r i o d  of days  

and a n o t h e r  pump s lowly  f i l l s  a bag w i t h  house  a i r  c o n t a i n i n g  a  

r e p r e s e n t a t i v e  c o n c e n t r a t i o n  w i t h i n  t h e  range  o f  t h e  d e t e c t o r .  

l+leasurements of  SF6 t o  1 p a r t  i n  10' a l l o w  h i g h  s e n s i t i v i t y  and a  

l a r g e  dynamic range  ( 7 ) .  

Adding a mic roprocessor  

ad jus tment  t o  avo id  t h e  

Refe rence  ( 6 )  r e f e r s  t o  

d e s c r i b i n g  t h i s  sys tem.  

d e f i n i t i o n s ,  i s  

t o  a  c o n s t a n t  g a s  emiss ion  system a l l o w s  

o f f - s c a l e  problem p r e v i o u s l y  ment ioned.  

"con t inuous  flow" i n f i l t r a t i o n  m o n i t o r i n g  i n  

The govern ing  e q u a t i o n ,  u s i n g  t h e  p r e v i o u s  

- 
F F Q t  

C ( t )  = - +  (C e  
v 

Q 0 

A s  i n  t h e  t r a c e r  g a s  decay automated sys tem,  t h e  mic roprocessor  p l a y s  

a n  a c t i v e  r o l e  and c a l c u l a t e d  v a l u e s  a r e  s t o r e d  on a  f loppy  d i s c .  

Cons tan t  g a s  c o n c e n t r a t i o n  i s  t h e  o n l y  method t h a t  can  g i v e  a  r e l i a b l e  

measure o f  t h e  ou tdoor  a i r  e n t e r i n g  each  room of a  m u l t i - c e l l  d w e l l i n g  

and i s  n o t  a f f e c t e d  by c ross - f lows  from chamber t o  chamber. I t  i s  a  

d i r e c t  measurement method s i n c e  t h e  gas  i s  i n j e c t e d  t o  m a i n t a i n  

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

e n t r y .  However, t h i s  r e q u i r e s  a  feedback- type d e s i g n  where t h e  r a t e  

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

exchange r a t e .  T h i s  i s  a  d i f f i c u l t  problem t o  s o l v e .  Developments on 

such new measurements sys tems were r e p o r t e d  by ~ n g l i s h ,  ~ a n i s h  and 

Canadian i n v e s t i g a t o r s  a t  t h e  F i r s t  A i r  I n f i l t r a t i o n  C e n t r e  Conference  

(Windsor, United Kingdom, October  6-8, 1980) .  I n  mul t i -zone b u i l d i n g s ,  

whether zoned houses  o r  more complex s t r u c t u r e s ,  i t  i s  necessa ry  t o  

m a i n t a i n  c o n s t a n t  g a s  c o n c e n t r a t i o n  t o  a n a l y s e  m u l t i - c e l l  

i n t e r a c t i o n s .  Some o f  t h e  sys tems measure a s  many a s  t e n  zones 

s i m u l t a n e o u s l y .  



An a l t e r n a t i v e  s o l u t i o n  i s  t o  u s e  a  v a r i e t y  of t r a c e r  g a s e s  and 

d e t e c t o r s .  

S I M P L E  AND LOW-COST TRACER GAS TECHNIQUES 

I f  one i s  n o t  i n t e r e s t e d  i n  a  d e t a i l e d  h i s t o r y  of t h e  a i r  i n f i l t r a t i o n  

r a t e  b u t  wants  on ly  t h e  t o t a l  a i r  exchange r a t e  o v e r  a  p e r i o d  of  

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

m o n i t o r i n g  equipment from t h e  f i e l d  s i t e  and use  a i r  sample bags o r  

c o n t a i n e r s  t o  c o l l e c t  t h e  c o n c e n t r a t i o n  l e v e l s  of t h e  t r a c e r  a t  

s p e c i f i c  i n s t a n t s  ( 8 ,  9 ) .  T h i s  method i s  shown s c h e m a t i c a l l y  i n  

F i g u r e  A l 1 . 1 .  The t r a c e r  g a s  ( S F 6 )  i s  i n i t i a l l y  i n j e c t e d  i n t o  t h e  

d w e l l i n g s  u s i n g  s y r i n g e s .  A f t e r  a  mixing t ime  o f  about h a l f  an  hour 

a n  i n i t i a l  a i r  sample i s  t a k e n  on each s t o r e y  of t h e  b u i l d i n g .  The 

t r a c e r  g a s  i s  al lowed t o  decay f o r  a  p e r i o d  of  1 t o  2 hours  and a 

second s e t  of a i r  samples i s  t a k e n  on each s t o r e y .  The a i r  samples 

a r e  shipped t o  a  l a b o r a t o r y  and ana lysed  f o r  t h e i r  c o n c e n t r a t i o n .  The 

a i r  i n f i l t r a t i o n  r a t e  can t h e n  be de te rmined .  

S t e p  1 5 tep  2 
;r;ject ior: Mixing \ t  r 
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Figure A I ? .  I .  

Procedure for bag sampling. Vhen t h e  
bags are  f i l l ed  they  a re  shipped t o  t h e  
laboratory and anaZysed. 

MONITORING RADON OR CO2  T O  ESTIMATE AVERAGE A I R  EXCHANGE RATES 

If t h e  r a t e  of  p r o d u c t i o n  of a n  indoor  a i r b o r n e  p o l l u t a n t  i s  known, 

i t  may be used a s  a  n a t u r a l  t r a c e r  f o r  d e t e r m i n i n g  a i r  i n f i l t r a t i o n .  

Radon i s  a  p o s s i b i l i t y  f o r  t h i s  and CO g e n e r a t e d  by t h e  o c c u p a n t s ,  
2' 



a l s o  h o l d s  o u t  p o s s i b i l i t i e s  ( 1 0 ) .  Indeed,  t h e  proposed new ASHRAE 

63/81 v e n t i l a t i o n  g u i d e l i n e s  a l l o w s  a  c h o i c e  as t o  when t o  supp ly  

o u t s i d e  a i r  which i s  based upon s t a y i n g  below p r e s c r i b e d  p o l l u t a n t  

c o n c e n t r a t i o n s .  Moni to r ing  i s  of c o u r s e  n e c e s s a r y  f o r  t h i s  approach.  

Use of  methods t h a t  would i n t e g r a t e  t h e  e f f e c t  of  a i r  exchange r a t e  

o v e r  t ime could  prove u s e f u l  i n  p r o v i d i n g  a n  average  a i r  exchange 

r a t e  b e f o r e  and a f t e r  a  r e t r o f i t .  One s imple  i n j e c t i o n - c o l l e c t i o n  

t e c h n i q u e  h a s  a l r e a d y  been d e s c r i b e d .  Remember, however, t h a t  f o r  

t h i s  t e c h n i q u e  t o  work t h e  g e n e r a t i o n  r a t e  and e x t i n c t i o n  of t h e  

p o l l u t a n t  must be a  c o n s t a n t  o r ,  a t  t h e  v e r y  l e a s t ,  f o l l o w  a 

w e l l - p r e s c r i b e d  p a t t e r n .  For radon t h i s  i s  n o t  l i k e l y  a s  r adon  

emiss ions  from s o i l  v a r y  g r e a t l y .  

A1 1 . 2  P r e s s u r i z a t i o n :  De te rm in ing  t h e  l e a k i n e s s  

of  t h e  b u i l d i n g  enve lope 

Another approach t o  r a t i n g  t h e  t i g h t n e s s  of a  b u i l d i n g  envelope makes 

use  of  p r e s s u r i z i n g  o r  d e p r e s s u r i z i n g  t h e  b u i l d i n g  and measur ing t h e  

a i r  exchange r a t e  under t h e s e  a r t i f i c i a l  c o n d i t i o n s .  

X 
S e v e r a l  c o u n t r i e s  u s e  t h i s  approach ( 2 ,  11-17). E f f o r t s  t o  c o r r e l a t e  

t h e s e  measurements w i t h  t r a c e r  g a s  measurements were d i s c u s s e d  i n  

Chapter  A7.  Used a s  a  leakage rating method, the  p r e s s u r i z a t i o n  

t e c h n i q u e  p r o v i d e s  a  p r e s s u r e  v s  f low graph  f o r  t h e  b u i l d i n g  be ing  

i n s p e c t e d  and a c h i e v e s  t h i s  g o a l  i n  a  manner of  m i n u t e s .  T h i s  may be 

done a t  any t ime  o f  t h e  y e a r  s i n c e  n a t u r a l  i n f i l t r a t i o n  on ly  p l a y s  a  

minor r o l e  under t h e s e  a r t i f i c i a l  t e s t  c o n d i t i o n s .  For  r e t r o f i t  

performance t e s t i n g  t h i s  i s  a n  impor tan t  advan tage .  The method i s  n o t  

recommended when i t  i s  t o o  windy o u t s i d e  and when t h e  ou tdoor  

t empera tu re  i s  below -loOc. F i g u r e  A l l .  2 i l l u s t r a t e s  a  s e r i e s  of such 

t e s t s  uncover ing l eakage  s i t e s .  I n  a d d i t i o n ,  t h e  a c t u a l  s i t e s  of 

i n f i l t r a t i o n  and e x f i l t r a t i o n  can  be q u i c k l y  determined a s  w e l l .  The 

use  of  i n f r a r e d  scann ing  a n d / o r  smoke t r a c e r s  a i d s  t h e  leakage s i t e  

sur:)ey. 

A f a n  o r  blower i s  used t o  p r e s s u r i z e  o r  d e p r e s s u r i z e  t h e  s t r u c t u r e .  

The v a r i a t i o n s  i n c l u d e  f a n s  w i t h  c a l i b r a t i o n  s e c t i o n s  inc luded  and 

X 
These c o u n t r i e s  i n c l u d e  Canada, Denmark, Ne the r lands ,  Norway, 
Sweden, S w i t z e r l a n d ,  United Kingdom and t h e  Uni ted  S t a t e s .  
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Air  changes per hour at S0 Pa, I l h  A = nothing t igh tened  

B = b a t . h o m  c l o s e t  door 
c losed ,  f i rep lace  covered 

C = + taped vindows 

D = + taped bathroom c l o s e t  

E = + taped m t e r  rnarrifold door 

F = + taped c e i l i n g  l i g h t  and 
m h m s t  fan i n  k i t chen  

0 10 20 30 L0 50 60 ApPa 

Figure A 1 1 . 2 .  An example from t h e  United S t a t e s  of a i r  Leakage vs 
pressure d i f f e r e n c e  i l l u s t r a t i n g  s t eps  t o  reduce 
i n f i l t r a t i o n .  

o t h e r s  where t h e  c a l i b r a t i o n  i s  done i n  t h e  l a b o r a t o r y  and f a n  speeds  

and p r e s s u r e  d i f f e r e n c e s  a r e  t r a n s l a t e d  i n t o  a i r  f low r a t e s .  One 

equipment d e s i g n ,  t h e  Blower Door, i s  shown i n  F i g u r e  A11.3. I n  

F i g u r e  ~ 1 1 . 4  d i f f e r e n t  methods o f  measur ing t h e  a i r  f low i s  

s c h e m a t i c a l l y  o u t l i n e d .  

Window and a t t i c  f a n s  may a l s o  be used i n  l e a k  d e t e c t i o n ,  a l t h o u g h  

t h e y  a r e  l e s s  e f f e c t i v e .  Because t h e s e  f a n s  a r e  n o t  c a l i b r a t e d ,  one 

canno t  r a t e  t h e  house t i g h t n e s s  nor  c a n  one be  s u r e  t h e  r e t r o f i t s  

have n o t  made t h e  house  too  t i g h t .  Many houses ,  however, a r e  s o  

l e a k y  t h a t  t h i s  does  no t  r e p r e s e n t  a problem. 

Some o f  t h e  d e s i g n s  make u s e  o f  t h e  windows a s  an  a c c e s s  p o i n t  

whereas o t h e r  d e s i g n s  u s e  t h e  door  opening a s  a  means f o r  mounting 

t h e  "Blower Door". Sweden h a s  made use  of  p r e s s u r i z a t i o n  t e c h n i q u e s  

t o  moni to r  t i g h t n e s s  i n  new housing.  The t e s t  p rocedures  i n  Sweden, 

Norway and Canada p r e s c r i b e  t h a t  a l l  v e n t i l a t i o n  openings  should  be 



Aluminurn plates 

Knurled knob 

Pressure 

Fan speed control 

Figure A l l .  3 .  Blower Door and control pane;. 

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

over  t h e  g r a t e  o r  i n  t h e  chimney. 

I n  o t h e r  c o u n t r i e s  t h e  t e s t  i s  made w i t h  such open ings  no t  s e a l e d .  

That  means t h a t  a comparison between t h e  r e s u l t s  from d i f f e r e n t  

c o u n t r i e s  i s  d i f f i c u l t  ( s e e  Tab le  A11.2). 

An impor tan t  f e a t u r e  t h a t  was p r e v i o u s l y  ment ioned,  i s  t h a t  t h i s  

approach can  no t  o n l y  p o i n t  ou t  when a  home i s  t o o  l e a k y  and then  

moni to r  t h e  improvements, i t  can a l s o  p o i n t  out  when t h e  house i s  too  

t i g h t .  Values  of  t i g h t n e s s  approaching t h e  Swedish Standard mean 



Four equal l y spaced throat 
pressure tops (interconnected 1 7 

Outside pressure 
,sensor connec - 

t ~ o n  
& 

A i r  inlet 123 mm Air exhaust 
& 

a) 7 ' h . i ~  m h a ~ s t  fa?. apparutm i s  
used i n  Carzzda. The p r c c s w e  
d i f f c r e w c  creccted i n  t hc  r,oz+xle 
i s  t m w l a t e d  t o  a i r  f 2 o ~  b y  a 
cal ibrat iori  cxrve  

Micro - manometer 11 
b )  ?lost cqitipment:; used i n  C.?. 

Suede.: h v e  n long measuring 
p ipe  where t k e  p rcs s~ t rc  d i f F e r e r i e  
ooer an o r i f i c e  p la t e  or  p i t01  
tubc  i s  t r a a l n t e d  t 3  n?:r Flow 
u<cl a ea l  iiwn C ~ O Y ! .  C I A ~ L J P  

Micro- manometer 

Fan speed contro l  
gauge 

Motor D. C. 

Figure A 1  l .  4 .  D i f f e ren t  methods o f  rncln4wri-r,:] a i r  f ZOL) uhex pressxri::ing 
or  depressur iz ing  n b u i l d i ~ y .  



Table A11.2.  Pressur iza t ion  t e s t s  i n  d i f f e r e n t  coun t r i e s .  

Country Standard Volume Vent S Repor ted  v a l u e  

Canada CGSB 149-G~-10 ' )  I n c l .  basement 
and i n s i d e  
vapour  b a r r i e r  

Ne the r lands  I n  p r e p a r a t i o n  Heated volume 

Norway NS8200 

Sweden SS021551 

Swi tze r l and  

United 
Kingdom 

Heated volume 
(p r imary  p a r t )  

Heated volume 

Heated volume 

Heated volume 

United ASTM E799-81 Heated volume 
S t a t e s  

Blocked 

Both n o t  blocked 
and blocked 

Blocked 

Blocked 

Both no t  blocked 
and blocked 

No m o d i f i c a t i o n  
t o  t h e  d w e l l i n g s  

Both no t  blocked 
and blocked 

Equ iva len t  leak-  
age  a r e a  a t  1 0  
Pa o r  a c / h  a t  50 
Pa d e p r e s s  

Flow r a t e  a t  not  
blocked s i t u a -  
t i o n  e x t r a p o l  . 
t o  1 Pa (measure- 
ment i n v e r v a l  
-10-100 P a ) .  
P r e s s .  and de- 
p r e s s  

Average a c / h  a t  
50 Pa p r e s s .  and 
d e p r e s s  

Average a c / h  a t  
50 Pa p r e s s .  and 
d e p r e s s  

Average m3 /h  o r  
a c / h  a t  50 Pa 
p r e s s .  and 
d e p r e s s  

Ef f e c t i v e  l e a k -  
a g e  a r e a  a t  4 Pa 
o r  a c / h  a t  50 Pa 

l Draft  standard. ' 

t h a t  f o r c e d  v e n t i l a t i o n  i s  necessa ry  t o  avoid  problems of  indoor  

p o l l u t i o n  and e x c e s s i v e  m o i s t u r e .  

A modi f i ed  method f o r  p r e s s u r i z a t i o n  of  t a l l  b u i l d i n g s  h a s  been 

developed by Nylund (18) .  For t a l l ,  b i g  b u i l d i n g s  i t  i s  normal ly  not  

p o s s i b l e  t o  use  a movable f a n .  I n s t e a d  t h e  f a n  equipment f o r  t h e  

v e n t i l a t i o n  system i n s t a l l e d  i n  t h e  b u i l d i n g  i s  used.  A i r  f low i s  

measured i n  t h e  d u c t  system c l o s e  t o  t h e  f a n .  During calm wind 

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

i n s i d e  - o u t s i d e .  T h i s  s t a c k  e f f e c t  i s  v e r y  s t a b l e  and i s  easy  t o  

de te rmine  on d i f f e r e n t  f l o o r  l e v e l s .  The f a n  c r e a t e s  a  change i n  

p r e s s u r e  d i f f e r e n c e  and makes i t  p o s s i b l e  t o  de te rmine  a i r  changes 

v e r s u s  p r e s s u r e  d i f f e r e n c e s .  For well-designed and a i r t i g h t  b u i l d i n g s  



i t  i s  p o s s i b l e  t o  a c h i e v e  a  p r e s s u r e  d i f f e r e n c e  between 20-40 Pa 

u s i n g  t h i s  method. I n  many c a s e s  t h i s  i s  enough t o  c a l c u l a t e  t h e  

a i r  l eakage  through t h e  b u i l d i n g  envelope d u r i n g  o p e r a t i n g  c o n d i t i o n s .  

The l o c a t i o n  of  a i r  i n f i l t r a t i o n  s i t e s  makes u s e  o f  t h e  a b i l i t i e s  t o  

p r e s s u r i z e  and d e p r e s s u r i z e  t h e  house.  Using p r e s s u r i z a t i o n  i n  t h e  

l i v i n g  space  and f o r c i n g  warm a i r  i n t o  t h e  a t t i c  ( h e a t i n g  season  

example) i n f r a r e d  scanning t o  d e t e c t  t h e  l eakage  s i t e s  can  be used .  

O f t e n  t h e s e  l o c a t i o n s  a r e  a s s o c i a t e d  w i t h  plumbing and e l e c t r i c a l  

p e n e t r a t i o n s  of t h e  envelope.  However, even i n t e r i o r  p a r t i t i o n s  c a n  

l e a k  a i r  t o  t h e  a t t i c .  D e p r e s s u r i z i n g  t h e  house draws c o l d  a i r  

through c r a c k s  i n  t h e  envelope,  a s  shown i n  F i g u r e s  A11.5a and 

A11.5b. These h e a t  l eakage  a r e a s  a r e  t h e  r e s u l t  o f  co ld  a i r  moving 

i n t o  t h e  w a l l s  ( F i g u r e  A11.5a) o r  a c r o s s  t h e  c e i l i n g  between f l o o r s  

( F i g u r e  A11.5b) ( 1 0 ) .  These a r e ,  of  c o u r s e ,  j u s t  two i l l u s t r a t i o n s  of 

h e a t  l e a k s .  Many of t h e  l eakage  s i t e s  l i s t e d  i n  Chap te r  A2 can  be 

e a s i l y  d e t e c t e d  w i t h  i n f r a r e d .  A handbook has  been produced by 

Swedish r e s e a r c h e r s  ( 1 9 )  i l l u s t r a t i n g  such l eakage  problems.  F i g u r e  

A11.6 i s  t a k e n  from t h a t  r e f e r e n c e .  

Where t empera tu re  d i f f e r e n c e s  a r e  inadequa te  f o r  p roper  i n f r a r e d  

scanning ( l e s s  t h a n  ~ O C ) ,  smoke t r a c e r s  can be  s u b s t i t u t e d  t o  seek  

o u t  l e a k s .  I f  t h e  house  i s  p r e s s u r i z e d ,  any l e a k  c a u s e s  t h e  smoke t o  

s t r eam toward t h e  opening.  The smoke t r a c e r s  work w e l l  i n  e v a l u a t i n g  

window l e a k  s i t e s ,  a  l o c a t i o n  where i n f r a r e d  scann ing  i s  sometimes 

d i f f i c u l t  because  of  e m i s s i v i t y  v a r i a t i o n s  of  t h e  m a t e r i a l s  involved 

(aluminium, g l a s s ,  p l a s t i c ,  e t c . ) .  



Figure A l l .  5a. Heat leakage path from a t t i c  shown behind 
i n t e r i o r  m 2 1  i d e n t i f i e d  by us ing  in f rared  
scanning . 

F i g m e  A11.5b. Heat Leakage from z r o s s  c e i l i n g  (between 1 s t  
and 2nd f l o o r )  - aZso s h o m  i s  heater  duc t  path. 



From above: 
75 + 75 mineral wool (quality B) 
vapour barrier 
19 mm secondary spaced 

board i ng 
13 mm gypsum board h 

a )  C o m t r u c t i o n  a t  t h e  eaves 
from drawing 

b )  Defects found i n  i n s u l a t i o n  
and a i r t i g h t n e s s  

Conditions durirzg measurement: 

c loudiness  c  loudy 
outdoor u i r  temp. -7OC 
indoor a i r  terrp. +2loC 
wind condi t ions  about 2 m/s 

(perpendicularly  
t o  facade) 

c )  Thermogrm o f  s e c t i o n  a t  
wal l -ce i l ing  junc t ion .  The 
co lder  area here has a 
t y p i c a l  "serrated" contour, 
which i n d i c a t e s  Leakage o f  
a i r  

d )  a i r  speed, v  = 1.0-1.5 m/s ( a t  
wa l l - ce i l i ng  junc- 
t i o n )  

temperature 
d i f f e r e n c e  a t  
inner  sur face ,  
A t  = 1 7 O C  

Figure A 1 1 . 6 .  Thermogram o f  a  t y p i c a l  cons t ruc t ion  leak s i t e  from 
Reference ( 1 3 ) .  

Comparative thermograms - gable roof  ( f l o o r  junc t ion )  InsuZation and 
a i r t i g h t n e s s  d e f e c t  a t  t h e  eaves due t o  i ncorrec t  f i t t i n g  o f  t h e  
i n s u l a t i o n  mater ia l  and t o  bad placing o f  windprotect ion.  



A1 1 . 3  Pressurization: Determining t h e  leakiness 

o f  building components 

T i g h t n e s s  t e s t i n g  of w a l l s ,  d o o r s ,  wa l l  e l ements ,  e t c . ,  can be c a r r i e d  

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

box; s e e  F i g u r e  A11.7. I n  t h i s  method, a n  o u t e r  and a n  i n n e r  box a r e  

p laced  a g a i n s t  t h e  t e s t  o b j e c t .  The boxes can  be  simply c o n s t r u c t e d  

u s i n g  wooden b a t t e n s  and p l a s t i c  f i l m  s o  t h a t  t h e y  can  e a s i l y  be 

adapted t o  d i f f e r e n t  s i z e d  t e s t  o b j e c t s .  Supplementary s e a l i n g  i s  

done w i t h  t a p e ,  m a s t i c  and w e a t h e r s t r i p p i n g .  The same p r e s s u r e  i s  

produced i n  t h e  i n n e r  and t h e  o u t e r  boxes .  I n  t h i s  way, l eakage  i s  

p reven ted  th rough  t h e  i n n e r  b o x ' s  c o n n e c t i o n  t o  t h e  t e s t  o b j e c t .  The 

o u t e r  box could  be a n  e n t i r e  room when f i e l d  t e s t i n g .  

Micromanometers U' l 

Figure A l l .  7 .  GUARDED PRESSURE BOX des ign  pr i xc ip l e .  I t  must be 
poss ib le  to regu la t e  the farrs, e .g .  by using a 
t h y r i s t o r ,  so t h a t  a var iab le  pressure d i f f e r e n c e  
can be maintained. 

A l l  a i r  s u p p l i e d  t o  o r  e x t r a c t e d  from t h e  i n n e r  box (gauge and 

n e g a t i v e  p r e s s u r e  r e s p e c t i v e l y )  must p a s s  th rough  t h e  t e s t  e l ement ,  

i . e .  a  window, a  door ,  w a l l  e lement .  Leakage c u r v e s  c a n  be  c a l c u l a t e d  

i n  t h i s  way. By s u c c e s s i v e l y  u s i n g  t a p e  t o  s e a l  p o s s i b l e  l e a k a g e  



r o u t e s ,  through a  window f o r  example, t h e  way i n  which t h e  l e a k a g e  

o c c u r s  c a n  be determined r e l a t i v e l y  e a s i l y .  Examples o f  such c u r v e s  

a r e  shown i n  F i g u r e s  A11.8a and A11.8b (20) .  

Figure A11.8a. 

Detail of t e s t  casement/frame 
Possible leakage routes  are 
marked. 

Figure A1 1.8b. 

Examples of leakage curves for a 
tes ted  window which was successiveZy 
sealed wi th  tape a t  various gaps as  
shown i n  Figure A11.8a adjacent. 
Leakage betueen casement ard frame, 
Leakage route C,  i s  18-10.6 = 7 . 4  
m3/m2h. 

When t e s t i n g  m u l t i - l a y e r  wa l l  e l ements ,  l e a k a g e  r o u t e s  through t h e  

p l a n e  o f  t h e  w a l l  must be c a r e f u l l y  c o n s i d e r e d .  T h i s  c a n  u s u a l l y  be 

done through t h e  s u i t a b l e  c h o i c e  o f  box s i z e s .  

A t e c h n i q u e  f o r  measur ing approx imate ly  t h e  d i s t r i b u t i o n  of l eakage  

t o  t h e  e x t e r i o r  o f  a  b u i l d i n g  h a s  been developed i n  t h e  United 

Kingdom (21) .  Such measurements u s e  two f a n s  and can p r o v i d e  u s e f u l  

d a t a  on t h e  d i s t r i b u t i o n  of open ings  on t h e  s t r u c t u r e .  
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B1 . l  REGULATIONS AND PRACTICE 

The pr imary document t h a t  s e t s  t h e  s t a n d a r d  f o r  r e s i d e n t i a l  b u i l d i n g s  

i n  Canada i s  " R e s i d e n t i a l  Standards"  ( 1 ) .  I n  t h i s  t h e  measures  

r e q u i r e d  a r e  g i v e n  i n  t h e  s e c t i o n  "Measures t o  Prevent  Condensat ion" .  

Another document, "Measures f o r  Energy C o n s e r v a t i o n  i n  New Bui ldings"  

( 2 )  c o n t a i n s  t h e  recommended minimum s t a n d a r d s  f o r  energy c o n s e r v a t i o n  

l e v e l s  i n  Canada. ( P u b l i c a t i o n  of  a n  updated v e r s i o n  of  t h e  l a t t e r  

document i s  expected i n  1983.)  Each p r o v i n c e  o f  Canada i s  r e s p o n s i b l e  

f o r  s e t t i n g  i t s  own requ i rements .  These two documents a r e  r egarded  

o n l y  a s  model codes ,  and a r e  no t  mandatory r e q u i r e m e n t s  u n l e s s  

adop ted  l o c a l l y .  

81.1.1 Airtightness of buildings and building components 

The s t a n d a r d s  f o r  a l l o w a b l e  i n f i l t r a t i o n  f o r  b u i l d i n g  components a r e  

documented i n e u b s e c t i o n  3.5 of t h e  "Pkasures  f o r  Energy Conserva t ion  

i n  New Bui ldings" .  S u b s e c t i o n  3 .5  i s  reproduced i n  Appendix A .  

A t  p r e s e n t ,  t h e r e  i s  a  d r a f t  s t a n d a r d  f o r  conduc t ing  p r e s s u r e  t e s t s  

of  r e s i d e n c e s  p repared  by t h e  Canadian General  S tandards  Board: 

"Determinat ion of A i r t i g h t n e s s  of  B u i l d i n g s  by t h e  Fan Depressur iza -  

t i o n  Method" ( 3 ) .  

I n  t h e  s t a n d a r d ,  t h e  e q u i v a l e n t  l eakage  a r e a  f o r  t h e  b u i l d i n g  i s  

c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  formula 

ELA = 1 .157  fi C 1 0  
n-0.5 

2 
where ELA = e q u i v a l e n t  l e a k a g e  a r e a  (m ) 

3 p = d e n s i t y  of a i r  (kg/m ) 

3 n  
C = a s  measured i n  p r e s s u r e  t e s t  {m / ( S  Pa ) l  

(AP)" 

n  - exponent from p r e s s u r e  t e s t .  

Note t h a t  t h e r e  i s  n o t  a  s t r i c t  p r o p o r t i o n a l i t y  between t h e  ELA 

v a l u e s  and t h e  a c / h  a t  50 Pa v a l u e s .  The ELA i s  c a l c u l a t e d  f o r  a  1 0  

p a s c a l  p r e s s u r e  d i f f e r e n c e ,  and t h e  a c / h  v a l u e  i s  c a l c u l a t e d  a t  

50 p a s c a l s ;  i n  a d d i t i o n  t h e  ELA i s  a  measurement o f  h o l e  s i z e  



i r r e s p e c t i v e  o f  t h e  s i z e  of t h e  house,  w h i l e  t h e  a c / h  v a l u e  i s  equa l  

t o  t h e  a i r  f low d i v i d e d  by t h e  volume o f  t h e  house.  

However, no a i r t i g h t n e s s  s t a n d a r d  such a s  e x i s t s  i n  Sweden had been 

in t roduced  a s  of 1982.  S tandards  f o r  t h e  a i r t i g h t n e s s  of manufactured 

components such a s  windows and d o o r s  (ASTM-E283-73) a r e  sugges ted  i n  

Refe rence  ( 2 ) .  

BI. 1 . 2  Minimum ventilation requirements 

R e s i d e n t i a l  S tandards  1980 h a s  t h e  fo l lowing  model code f o r  t h e  

v e n t i l a t i o n  of r e s i d e n c e s .  The requ i rements  a r e  g iven  i n  Appendix B .  

The m a j o r i t y  of Canadian detached r e s i d e n c e s  a r e  v e n t i l a t e d  by 

n a t u r a l  means. Normally t h e  houses  a r e  s u f f i c i e n t l y  l eaky  f o r  s t a c k  

e f f e c t  and wind p r e s s u r e s  t o  p r o v i d e  s u f f i c i e n t  a i r  exchange. 

T y p i c a l l y  i n  new c o n s t r u c t i o n  a n  exhaust  f a n  i s  l o c a t e d  i n  t h e  

bathrooms, and u s u a l l y  a n  exhaus t  f a n  i s  i n s t a l l e d  i n  t h e  k i t c h e n .  

However, t h e s e  f a n s  a r e  used o n l y  i n t e r m i t t e n t l y .  

I n  t h e  more a i r t i g h t  houses ,  n a t u r a l  v e n t i l a t i o n  o f t e n  does  no t  

p r o v i d e  s u f f i c i e n t  a i r  exchange t o  l i m i t  m o i s t u r e  b u i l d u p  and 

condensa t ion  on windows d u r i n g  t h e  c o l d e r  month. Consequent ly  a  

f a i r l y  common p r a c t i c e  i n  newer homes i s  t o  i n s t a l l  a  100 o r  125 m 

d i a m e t e r  d u c t  t o  t h e  o u t s i d e  and t o  connect  t h i s  o u t s i d e  a i r  d u c t  t o  

t h e  r e t u r n  a i r  d u c t  on t h e  warm a i r  fu rnace .  When t h e  f u r n a c e  f a n  i s  

runn ing ,  t h e  n e g a t i v e  p r e s s u r e  caused by t h e  f a n  draws i n  f r e s h  a i r .  

The air  i s  exhausted by t h e  chimney i f  t h e  house  has a  combustion 

h e a t i n g  sys tem.  I n  a  number o f  v e r y  a i r t i g h t  r e s i d e n c e s ,  a n  a i r - t o - a i r  

h e a t  exchanger i s  used t o  p r e h e a t  o u t s i d e  a i r  a t  a  low energy c o s t .  

T y p i c a l l y ,  f low r a t e s  of  t h e  o r d e r  o f  40 11s  have been used f o r  houses  

w i t h  a n  a v e r a g e  occupancy l o a d .  

BI.1.3 Heat transfer coefficients 

The p r e s e n t  minimum amount of i n s u l a t i o n  recommended by t h e  F e d e r a l  

Government i s  documented i n  "Measures f o r  Energy C o n s e r v a t i o n  i n  New 

Bui ldings" .  A s  e a r l i e r  mentioned t h e  s t a n d a r d s  a r e  not  b ind ing  u n l e s s  

adopted l o c a l l y .  For houses ,  low r i s e  apar tment  b u i l d i n g s ,  n u r s i n g  

homes, m o t e l s  and h e a t e d  warehouses,  t h e  r e q u i r e d  thermal  r e s i s t a n c e  

v a l u e s  a r e  t h o s e  l i s t e d  i n  Appendix A .  A number of  q u a l i f y i n g  

s t a t e m e n t s  accompany t h e  t a b l e ;  t h e s e  a r e  a l s o  i n c l u d e d .  The thermal  



r e s i s t a n c e  (m2 OC/W) i s  t h e  r e c i p r o c a l  o f  t h e  h e a t  t r a n s f e r  

c o e f f i c i e n t  (w/m2 'C). 

As Canada h a s  such v a s t l y  d i f f e r e n t  c l i m a t i c  a r e a s  ( r a n g i n g  from 3000 

t o  13000 Oc-days p e r  y e a r ) ,  i n s u l a t i o n  l e v e l s  a l s o  v a r y  and a r e  

n e c e s s a r i l y  g r e a t e r  i n  t h e  c o l d e r  r e g i o n s .  For c e i l i n g  i n s u l a t i o n ,  

t h e  recommended maximum h e a t  t r a n s f e r  c o e f f i c i e n t s  (w/m2 'C) v a r y  i n  

t h e  range  of  0.21 t o  0.14 f o r  combus t ib le  c o n s t r u c t i o n .  I n  c e r t a i n  

p a r t s  of t h e  c o u n t r y ,  however, a number o f  low energy houses  have 

c e i l i n g  i n s u l a t i o n  l e v e l s  w i t h  h e a t  t r a n s f e r  c o e f f i c i e n t s  a s  low a s  
2 0 0.07 W/m C ,  and w a l l  i n s u l a t i o n  l e v e l s  w i t h  h e a t  t r a n s f e r  

c o e f f i c i e n t s  a s  low a s  0 .09 w / m 2  'C. These l e v e l s  of  i n s u l a t i o n  a r e ,  

of c o u r s e ,  much g r e a t e r  than  p r e s e n t  Code r e q u i r e m e n t s .  

81.2 CLIMATIC DATA 

B I . 2 . 1  D e g r e e d a y s  

The c a l c u l a t i o n  method f o r  d e g r e e  d a y s  was p r e s e n t e d  i n  S e c t i o n  A 6 .  

The t empera tu re  o f  1 8 ' ~  i s  used a s  t h e  r e f e r e n c e  t empera tu re .  

The annual  t o t a l  d e g r e e  d a y s  f o r  a l l  l o c a t i o n s  i n  Canada a r e  shown 

i n  F i g u r e  B I . l .  

Within  Canada, t h e  d e g r e e  days  pe r  yea r  v a r y  from a  low o f  about  

3000 i n  t h e  V i c t o r i a ,  B . C .  a r e a  t o  a  h i g h  of about  13000 i n  t h e  

Nor the rn  A r c t i c  I s l a n d s .  Over 95 p e r  c e n t  of t h e  p o p u l a t i o n  r e s i d e s  

i n  a r e a s  w i t h  fewer t h a n  6000 d e g r e e  days  p e r  y e a r .  

I n  much of Canada 's  housing s t o c k ,  t h e  space  h e a t i n g  energy 

consumption of  a  g i v e n  house  i s  g e n e r a l l y  p r o p o r t i o n a l  t o  t h e  number 

of d e g r e e  days  accumulated.  Hence t h e  p o p u l a r i t y  of t h e  degree-day 

c o n c e p t .  I n  low energy  housing,  however, t h e  l i n e a r  r e l a t i o n  has  been 

found n o t  t o  hold  o v e r  t h e  f u l l  r ange  of  d e g r e e  days ,  a s  i n t e r n a l  

h e a t  g a i n  and p a s s i v e  s o l a r  g a i n  have d r a m a t i c a l l y  reduced t h e  

t e m p e r a t u r e  a t  which t h e  space  h e a t i n g  system must be used.  



Figure BI .1 .  Annual total degree days (below 1 8 ' ~ ) .  

B I .  2 .2  Temperature and windspeed zones 

For t h e  purposes  of  t h e  document "Measures f o r  Energy Conserva t ion  

i n  New B u i l d i n g s  1978", t h e  c o u n t r y  i s  d i v i d e d  i n t o  f i v e  t empera tu re  

zones  : 

1 > up t o  3500 C e l s i u s  d e g r e e  days  

2 ) 3501 t o  5000 C e l s i u s  d e g r e e  days  

3  ) 5001 t o  6500 C e l s i u s  d e g r e e  days  

4 ) 6501 t o  8000 C e l s i u s  d e g r e e  days  

5)  more t h a n  8000 C e l s i u s  d e g r e e  d a y s .  

A map of  t h e  mean w i n t e r  wind speeds  i n  Canada i s  provided i n  F i g u r e  

B I . 2 .  
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Source Cl~merologlcal AUes 01 Canodn ( 0 1 1 8 ~ 0  Nallonal Research Counc~l of Canada and Departmen1 of Tfensporl. 1953) 

Figure B I . 2 .  Mean win ter  wind speeds i n  Canada - i n  miles/hour 
( m t h  km/h i n  parentheses) .  

Daily mean and extreme temperatures, wet bulb temperatures and 

windspeeds for four different locations in Canada are shown in 

Figure BI.3. 



SASKATOON, Sas ka tchemn 

Zat. 52°1~'~ Zong. 106~41 'W 
e leva t ion  501 m 

O C  temperature  

30 r- -7 

J F M A M J  J A S O N D  
rnls windspeed 
8 7- -1 

Dai ly  mean 
-. -.- Annual 
--- ---- Range 

o o o o o  Wet bulb 

MONT-qEAL, Quebec 

Zat. 45'28 '?J Zong 73'45 'W 
e l m a t i o n  30  m 

O C  temperature 

30 T O  

I I I I I I I I I I I I  
J F M A M J  J A S O N D  

Figure BI.3a. 



VANCOUVER, B r i t i s h  Columbia 

l a t .  4 9 ° 1 1 ' ~  long.  1 2 3 ° 1 ~ ' ~  
e l e v a t i o n  5 m 

O C  t emperalure 

1 1 1 1 1 1 1 1 1 1 1 1  
J F M A M J  J A S O N D  

Dai l y mean 
-.-.- Annual 
------- Range 
o o  o o o Wet  bulb 

Figure B I .  3b. 

RESOLUTE, Northwest T e r r i t o r i e s  

t a t .  74'43 I N  long.  94'59 'W 
e l e v a t i o n  64 m 

O C  temperature 

1 1 1 1 1 1 1 1 1 1 1  
J J M A M J  J A S O N D  

m /z  windspeed 
8 -r 1 

Figure El. 3.  Cl imat ic  data on f o ~ r  d i f f e r e n t  l oca t ions  i n  Canada. 
For background information t o  the p l o t s  sea Chapter A 6 .  



BI .3  DWELLING CONSTRUCTION 

B I .3  . l  Convent iona l  c o n s t r u c t i o n  

Most r e s i d e n t i a l  c o n s t r u c t i o n  i n  Canada i s  wood-frame c o n s t r u c t i o n ,  

w i t h  t h e  vapour b a r r i e r  provided by t h e  i n s t a l l a t i o n  of a  

p o l y e t h y l e n e  s h e e t  on t h e  warm s i d e  o f  t h e  i n s u l a t i o n .  I f  p r o p e r l y  

i n s t a l l e d ,  t h i s  s h e e t  a l s o  s e r v e s  a s  a n  a i r  l eakage  b a r r i e r .  Hence 

t h e  p o l y e t h y l e n e  i s  sometimes c a l l e d  a n  a i r -vapour  b a r r i e r .  

I n  c o n v e n t i o n a l  Canadian wood-frame c o n s t r u c t i o n  a s  o f  1980, t h e  

s t a n d a r d  vapour b a r r i e r  used was 50 pm ( 2  m i l l i - i n c h )  p o l y e t h y l e n e .  

I n  a  c o n v e n t i o n a l  i n s t a l l a t i o n ,  a n  a t t empt  i s  made t o  p r o v i d e  

c o n t i n u i t y  of t h e  vapour  b a r r i e r ,  b u t  t h e r e  a r e  numerous l o c a t i o n s  i n  

t h e  house  where it i s  d i f f i c u l t  t o  a c h i e v e  t h i s .  

I n  F i g u r e s  BI.4-BI.8 some d e t a i l s  of a  s t a n d a r d  vapour b a r r i e r  

i n s t a l l a t i o n  a r e  shown. 

A s  shown i n  F i g u r e  BI.4,  t h e r e  a r e  a number o f  weak s p o t s  f o r  

a i r t i g h t n e s s  u s i n g  t h e  approach i l l u s t r a t e d .  C o n t i n u i t y  of t h e  a i r -  

vapour b a r r i e r  i s  n o t  m a i n t a i n e d .  L a t e r  i n  t h i s  s e c t i o n ,  a l t e r n a t i v e  

approaches  w i l l  be demonstra ted  which a l l o w  g r e a t e r  a i r t i g h t n e s s  t o  

be ach ieved .  

P O T E N T I A L  

L E A K A O E  

L O C A T I O N S  

400 m m  o c 

8 m m  P L Y K O O O  S I I E A T I I I N G  

E X T E R I O R  F I N I S H  

3 8  x 2 3 3  m m  J O I S T  

Figure B I .  4 .  

C A S T  C O N C R E T E  

B A S E M E N T  *ALL 

ConventioncZ vapour barr ier  
instQZZation - f loor l e v e l .  

Figure B I .  5 

Conve~tionaZ vapour barr ier  
i n o t a Z Z a t i o ~ .  Cei l ing  l eve l  
- e x t e r i o r  waZZ. 



I n  F i g u r e  BI.5, t h e  t e c h n i q u e  used a t  a  j o i n t  between t h e  w a l l  and 

c e i l i n g  vapour b a r r i e r  i s  shown. G e n e r a l l y ,  i n  conven t iona l  

c o n s t r u c t i o n ,  no c a u l k i n g  o r  t a p i n g  i s  used t o  j o i n  t h e  p o l y e t h y l e n e  

s h e e t s  t o g e t h e r ,  The s h e e t s  a r e  lapped o n l y .  

F i g u r e  0 1 . 6  shows t h e  t e c h n i q u e  used a t  t h e  l o c a t i o n  where an  

i n t e r i o r  p a r t i t i o n  mee t s  t h e  c e i l i n g  vapour  b a r r i e r .  Although a  s t r i p  

of vapour b a r r i e r  i s  p laced  between t h e  two t o p  p l a t e s ,  no a t t e m p t  i s  

made t o  c a u l k  o r  t a p e  t h i s  t o  t h e  c e i l i n g  vapour b a r r i e r  s h e e t .  

F i g u r e  B I . 7  shows t h e  t e c h n i q u e  used a t  a  l o c a t i o n  where t h e  f l o o r  

j o i s t s  a r e  c a n t i l e v e r e d .  Again, t h e r e  i s  a  gap i n  t h e  c o n t i n u i t y  of 

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

P O T E N T I A L  A I R  

L E A K A G E  

L O C A T I O N S  

Figure B I .  6 .  Figure B I .  7 .  

Cow~ent ional  vapour barr i e r  Conventiora l vapour barbrier 
i n s t a l l a t i o n  c e i l i n g  l e v e l  ins tu lZat~ior!  - :!ant i levered 
- i n t e r i o r  p a r t i t i o n .  f loor  cec t ion .  

F i g u r e  B I . 8  p r e s e n t s  t h e  t e c h n i q u e  commonly used f o r  t h e  vapour 

b a r r i e r  a t  t h e  windows and d o o r s .  

Other  p e n e t r a t i o n s  of t h e  vapour b a r r i e r ,  such a s  plumbing p i p e s ,  

e l e c t r i c a l  c o n d u i t s ,  t e l ephone  w i r e s ,  d u c t s ,  and chimneys a r e  

g e n e r a l l y  n o t  caulked o r  s e a l e d  i n  c o n v e n t i o n a l  c o n s t r u c t i o n ,  and 

t h u s  a r e  p o t e n t i a l  s i t e s  f o r  a i r  l eakage .  



P O T C N T I A L  A l l  

L E A K A G E  

L O C A T I O N S  

BI.3.2 

A number 

Figure BT. 8. 

Conventional vapour barr ier  
i n s t u l l a t i o r ,  - widow Zocatior;. 

A i r t i g h t  c o n s t r u c t i o n  

of  p u b l i c a t i o n s  have been w r i t t e n  i n  Canada which d i s c u s s  

t e c h n i q u e s  f o r  r educ ing  a i r  l e a k a g e  i n  r e s i d e n c e s .  The most 

comprehensive p u b l i c a t i o n  w r i t t e n  t o  d a t e  on t h e  s u b j e c t  of improved 

t e c h n i q u e s  i s  "Air-Vapour B a r r i e r s "  ( 4 ) .  I n  a d d i t  i o n ,  t h e  b o o k l e t s  

"Low Energy P a s s i v e  S o l a r  Housing" (5 )  and "Energy E f f i c i e n t  Housing 

- A  P r a i r i e  Approach" ( 6 )  a l s o  c o n t a i n  s u b s t a n t i a l  amounts of 

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

The recommended vapour  b a r r i e r  i s  a  150 pm (6  m i l l i - i n c h )  t h i c k  

p o l y e t h y l e n e  s h e e t .  F i g u r e  B I . 9  {from Ref .  ( 6 ) )  shows a t echn ique  f o r  

j o i n i n g  t h e  s h e e t s .  The m a t e r i a l  used t o  j o i n  t h e  s h e e t s  i s  a  

modera te ly  p r i c e d  non-hardening c a u l k i n g  compound, " a c o u s t i c a l  

s e a l a n t " .  I n  t h e  approach o u t l i n e d  i n  F i g u r e  BI.lO-BI.20, an  a t t empt  

i s  made t o  make a  con t inuous  s e a l  o f  t h e  house { ~ i g u r e s  B 1 . l O ,  B I . 1 2  

and BI.14-BI.20 a r e  from Ref .  ( 6 ) ) .  

F i g u r e  BI.10 p r e s e n t s  t h e  t e c h n i q u e  used a t  t h e  j o i n t  between f l o o r s .  

Note t h e  o f f s e t  of t h e  f l o o r  j o i s t  sys tem and t h e  con t inuous  vapour 

b a r r i e r  around t h e  header  j o i s t .  To p reven t  c o n d e n s a t i o n  on t h e  

vapour b a r r i e r ,  e x t e r i o r  i n s u l a t i o n  i s  used a t  t h i s  l o c a t i o n .  Also  

shown i n  F i g u r e  BI.10 i s  t h e  s e a l i n g  t e c h n i q u e  a t  t h e  j o i n t  between 

t h e  w a l l  and c e i l i n g  vapour b a r r i e r  s h e e t s .  A s  a l r e a d y  ment ioned,  an 

a c o u s t i c a l  s e a l a n t  compound i s  used.  



a )  S tap l e  150 micrometre 
f 6 r n i  l )  vapour b a r r i e r  
t o  s tuds  and p la t e s  

C )  Overlap second vapour h a r r i e r  
shee t  (alwayo ,join t he  vapour 
b a r r i e r  over  n s o l i d  backing 
m c h  as  a  s t u d )  

h )  Place a bead o f  acous t i ca l  
sea lant  o w r  top  of vapour 
b a r r i e r ,  ensuring that the  
sea lant  i s  continuou.3 and' i n  
l i n e  w i t h  t h e  s tud 

ont~nuous bead of 

(1 L ~ e c o n d ,  over- ' 

lapping vapour 
barrier sheet 

d )  Cover vapour b a r r i e r  ~ 5 t h  
r i g i d  mater ia l  (p las terboard ,  
wallboard, e t c .  l 

F igure  BI. 2. Irnproved technique for jo in ing  vapour k a r r i e r  sheet:: 
on wal l  s t uds  f insuZat ion  not  shown). 

I n  F i g u r e  B I . l l ,  t h e  s e a l i n g  t e c h n i q u e  recommended a t  t h e  j o i n t  

between a n  i n t e r i o r  p a r t i t i o n  and t h e  c e i l i n g  i s  shown. Note t h a t  t h e  

c e i l i n g  vapour b a r r i e r  has  been i n s t a l l e d  i n  a  con t inuous  s h e e t  and 

t h a t  t h e  i n t e r i o r  p a r t i t i o n  does  not  i n t e r r u p t  t h e  s h e e t .  T h i s  method 

r e q u i r e s  t h a t  t h e  c o n v e n t i o n a l  c o n s t r u c t i o n  sequence be a l t e r e d .  A 

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

F i g u r e  BI.12. T h i s  method r e q u i r e s  a l a r g e  amount of c a u l k i n g  a t  t h e  

c e i l i n g  l e v e l .  



- drywall 

acoust~cal sealant 

in 

acoustical sealant 

n o t e  h o w  vapour barrier 1s nnde 
conl~nuous tmtween floors 

Figure B I .  i 9. 

Improved wlZ sect ior,  - gap-xr barr ier  d e t a i l .  

vapour barr~er lnstalledwhen wall IS 
assembled 

acoust~cal Sealant 
between sheets 

to bottom of date for 

BOTTOM CHORD 

OF TRUSS 

I  1 

12 m m  GYPSUM BOARD 

N O N - L O A D  

BEARING PARTIT ION 

Figure BI .11 .  

Improved technique for vapour 
barr ier  i n s t a l l a t i o n  a t  a 
non-load-bearing par t i t i on .  

stud 
-. -4 -- - 

delall for house with 
I crawl space 

(not required for 
house w ~ t h  concrete 

floor Joist 

Figure B I .  12 .  

Impro~ed vapour barr ier  
i n s t a l  l a t i o n  for p a r t i t i o n  
mzz. 



F i g u r e  B1 . l 3  shows a  recommended t echn ique  f o r  c a n t  i l e v e r e d  f l o o r  

sys tems .  

P A R T I C L L  6 C A k C  

L ~ ~ D E R L A Y  I 5 C  m 

V A P 3 L R  B A U k l k Y  

1 5 0  m P O L Y E T H Y L E N E  A N D  S E A L A N T  

C A L ' L K E C  K l T H  A C O L S T I C A L  

S E A L A N T  AT 4 E D G E S  
Figure 81.13. 

Improved technique for vapour 
barr i e r  ins taZZat ion  for a  
can t i l eyered  f loor .  

I n  F i g u r e  BI.14,  a  t e c h n i q u e  f o r  a c h i e v i n g  a i r t i g h t n e s s  a t  t h e  

windows and d o o r s  i s  shown. F igure  BI.15 shows a t echn ique  f o r  

e l e c t r i c a l  boxes.  

F igure  BI.16 shows a t e c h n i q u e  f o r  a c h i e v i n g  a i r t i g h t n e s s  around 

a plumbing v e n t  s t a c k .  

~ l k  wlth acoustical welant and 
.' I W 1 -  staole over f~breolass tarn 

I 1 I I NOTE amch vapour berner slnp 

sufflc~enl mater15 at comen to told 
vapour barrler 

I I t + 1 5 0 , m  (6 mll) vapour barrier 

wallboard 1 ~nterlor trm 

caulk wlth acoustical sealant and . 

Figure BI.14. Improved vapour barr i e r  ins taZZat ion  a t  window. 



A unique  d o u b l e  s t u d  w a l l  system h a s  been developed which e a s e s  t h e  

i n s t a l l a t i o n  o f  a  vapour b a r r i e r .  F i g u r e  B I . 1 7  shows t h e  w a l l  assembly.  

Note t h a t  t h e  vapour b a r r i e r  i s  p o s i t i o n e d  i n  t h e  o u t s i d e  o f  t h e  

i n n e r  s t u d  w a l l .  With t h i s  d e s i g n  t h e  e l e c t r i c a l  w i r i n g  c a n  be  r u n  

on t h e  i n s i d e  o f  t h e  vapour b a r r i e r .  

F i g u r e s  BI.18 and BI.19 p r e s e n t  two w a l l  s e c t i o n s  i l l u s t r a t i n g  t h e  

u s e  of t h e  doub le  s t u d  d e s i g n .  

I n  F i g u r e  BI.20,  a  w a l l  s e c t i o n  i n c o r p o r a t i n g  a s i n g l e  s t u d  d e s i g n  

i s  shown. 

acoustical 
sealant 

electrical 
box 

2 X 2 m) 

barrler 

l Y  pan (or may & formed 
,' from a sheet of plastic) 

Figure B I .  15 .  

Improved vapour barrier 
i ne ta l l a t i on  around electricaZ 
box. 

plywood collar or 
neoprene roof 
flashlng cut to I 

acoust~cal Sealant 

barner 

rnechan~cally top plates of 
anchor plpe to plurnblng wall 

plates rJ 
I F acoust~ca~ sealant 

expanslon jo~nt 
to prevent :, . - 

caulklng from , \ \  

breaklng - I 
I 

Figure B I .  1 6 .  

Improved vapour barrier 
ins talZat ion around plumbing 
vent  stuck. 

7 5 mm (5/18 on) plywood 38 X 64 mm (2 X 3 In) 7 5  (516 m) plywood 
(cont~nuous plate) outer srud (conllnuous plalel\ 

~nner stud vapour tamer 

l 
(structural wall) 

Figure BI .17 .  Double stud wall assembZy. 



SPACl NG OF STUDS 
DEPENDS ON SIDING USED 

treated cardboard 

150 um (6 m ~ l )  vapour barrier 

38 X 89 mm (2 X 4 in ) stud 6CKl mm (24 in ) 0.C 

* 38 X 64 mm (2 X 3 in) 
stud 400 mm (16 in) 0 C 

7 5 mm (5/16 in) plywood 

38 X 64 mm (2 X 3 m) 
blocking 

12.7 mm ( l i 2  in) plywood 

bulldlng paper 
38 X 89 mm (2 X 4 in) stud 400 mm (16 in) 0.C 

and sidmg 

RSI 2.1 (R12) 
RSI 4.9 (R28) 
RSI 1 4 (Re) 

J(C38 X 64 mm (2 X 3 In) 
stud 400 mm (16 m) 0 C 

12 7 mm (112 m) plywood 

2 in r ig~d 
styrofoam 

l : I 600 mm r r a d  space (24 in ) min 

150 um (6 mil) moisture barrier 

NOTE: All wood wthm 225 mm of the earth 
should be pressure treated 

Figure BI.18. Wall eec t ion  o f  doub2e stud des ign  - grade beam and 
p i l i n g  foundation. 



13 

NOTE 

treated cardboard 

150 pm (6 mil) vapour barrier 

38 X 64 mm (2 X 3 in) stud 38 X 89 mm (2 X 4 in) stud 400 mm (16 in) O.C. 

400 mm (16 in) O.C. 

building paper and siding RSI 4.9 (R28) minimum 

7.5 mm (5116 in) plywood 

38 X 89 mm (2 X 4  m) 
400 mm (16 in) O.C. 

38 X 89 mm (2 X 4 in) 600 mm (24 in) O.C. 

38 X 89 mm (2 X 4 in) 800 mn (32 m) O.C. 

: All d within 200 mm (8 in) or other appropriate support for a ter  wall 

soil rmst be M grade. 

toe na~l to concrete floor 

gravel dra i~ge layer 

Figure B I .  19. VaZZ sec t ion  o f  double stud de8ign - concrete  basement 
wall and foot ing foundation. 



treated cardboard 

acoustical sealant 

150 pm (6 mil) vapour bamer 

38 X 140 mm (2 X 6 In) stud 600 mm (24 in) O.C. 
50 mm (2 In) rigid 

38 X 89 mm (2 X 4 in) bottom plate 

38 mm (1/2 in) rigid 

38 X 140 mm (2 X 6 In) stud 400 mm (16 in) O.C. 

38 X 89 mm (2 X 4 in) PWF '125 mm (5 in) compacted gravel ' ' 100 pm (4 mil) moisture barrier 

Figure BI.20. WalZ sect ion - singZe stud w a l l .  
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222 APPENDIX  A  

EXTRACT DEALING WITH THERMAL RESISTANCE FROM "MEASURES FOR ENERGY 

CONSERVATION I N  N E W  BUILDINGS 1978" 

SECTION 3  ENCLOSURES FOR BUILDIIiGS WITH LOW ENERGY REQUIREMENTS FOR 

LIGHTING, FANS AND PUMPS 

SUBSECTION 3.1 SCOPE 

3 . 1 . 1 .  Except a s  

t o  huildin.<;s of a 

(Normally,  houses  

provided i n  A r t i c l e  3 . 1 . 2 . ,  t h i s  S e c t i o n  s h a l l  app ly  

11 nccupawy c l a s s i f i c a t i o n s .  

, low r i s e  apar tment  b u i l d i n g s ,  n u r s i n g  homes, m o t e l s  

and hea ted  warehouses f a l l  w i t h i n  t h e  requ i rements  of t h i s  S e c t i o n . )  

3 . 1 . 2 .  Where t h e  owner c a n  demons t ra te  t h a t  t h e  t o t a l  load of  a l l  

wired- in  i n t e r i o r  l i g h t i n g ,  p l u s  t h e  t o t a l  r a t e d  power o f  a l l  f a n s  

and water  pumps, exc lud ing  s tandby equipment,  exceeds  a n  average  o f  
2  25 W/m of f l a w  surj'uee area i n  t h o s e  p a r t s  of t h e  b u i l d i n g  t h a t  a r e  

hea ted  o r  c o o l e d ,  t h e  requ i rements  i n  S e c t i o n  4 may be used i n  l i e u  

of  t h e  requ i rements  i n  t h i s  S e c t i o n .  

SUBSECTION 3.2 THERMAL RESISTANCE OF ASSEMBLIES 

3.2 .1 .  Except a s  provided i n  A r t i c l e s  3 . 2 . 2 .  t o  3 . 2 . 7 . ,  and e x c e p t  

f o r  d o o r s ,  windows, s k y l i g h t s  and o t h e r  c l o s u r e s  t h e  thermal  

r e s i s t a n c e  of each b u i l d i n g  assembly th rough  any p o r t i o n  t h a t  does  

n o t  i n c l u d e  f raming o r  f u r r i n g  s h a l l  conform t o  T a b l e  3.2.A. 

3 . 2 . 2 .  Except a s  provided i n  A r t i c l e  3 . 2 . 3 . ,  t h e  thermal  r e s i s t a n c e  

o f  t h e  i n s u l a t e d  p o r t i o n  of a  b u d d i n g  assembly i n c o r p o r a t i n g  m e t a l  

f raming e l e m e n t s ,  such a s  s t e e l  s t u d s  and s t e e l  j o i s t s ,  t h a t  a c t  a s  

thermal  b r i d g e s  t o  f a c i l i t a t e  h e a t  f l o w  th rough  t h e  assembly,  s h a l l  

be  20 p e r  c e n t  g r e a t e r  t h a n  t h e  v a l u e s  shown i n  Tab le  3.2.A. u n l e s s  

i t  c a n  be shown t h a t  t h e  h e a t  f low i s  n o t  g r e a t e r  than  t h e  h e a t  f low 

through a  wood frame assembly of t h e  same t h i c k n e s s .  

3 .2 .3 .  A r t i c l e  3 .2 .2 .  f o r  b u i l d i n g  assembl ies  i n c o r p o r a t i n g  thermal  

b r i d g e s  does  no t  app ly  where t h e  the rmal  b r i d g e s  a r e  i n s u l a t e d  t o  

r e s t r i c t  h e a t  f low th rough  t h e  thermal  b r i d g e s  by a  m a t e r i a l  p r o v i d i n g  



Table  3.2.A. Forming p a r t  of  A r t i c l e  3.2.1.  

MINIMUM THERMAL RESISTANCE (R VALUE),  r n 2 a 0 c / w  

Maximum Number of C e l s i u s  Degree Days ( 1 )  

Bu i ld ing  Assembly 
-p- - - --. -.- . . 

up t o  3  500 5 000 6  500 8 000 and o v e r  

Wall a s s e m b l i e s  above ground 
l e v e l  ( o t h e r  t h a n  f o u n d a t i o n  
w a l l s )  s e p a r a t i n g  hea ted  space  
from unheated space  o r  t h e  
o u t s i d e  a i r  2.5 3 . 0  3 .4  3 .7  

Foundat ion w a l l  a s s e m b l i e s  
s e p a r a t i n g  hea ted  space  from 
unheated space ,  o u t s i d e  a i r  o r  
a d j a c e n t  e a r t h  ( 2 )  1 . 6  1 . 6  1 .6  1.6 

Roof o r  c e i l i n g  a s s e m b l i e s  
s e p a r a t i n g  hea ted  space  from 
unheated space  o r  t h e  e x t e r i o r  
( a )  i f  combustible cons truc t ion  

i s  p e r m i t t e d  4.7 5 .6  6.4 7 . 1  
( b )  i f  nomombust ible  cons truc t ion  

i s  r e q u i r e d  2 . 5  3 .0  3.4 3 .7  

F l o o r  a s s e m b l i e s  s e p a r a t i n g  hea ted  
space  from unheated space  o r  t h e  
e x t e r i o r  
( a )  i f  combustible cons truc t ion  

i s  p e r m i t t e d  4.7 4.7 4 . 7  4.7 
(b )  i f  rwncombustible cons truc t ion  

i s  r e q u i r e d  2 . 5  3 . 0  3 .4  3.7 

P e r i m e t e r s  of slab-on-ground f l o o r s  
t h a t  a r e  l e s s  t h a n  600 m below 
a d j a c e n t  ground l e v e l  ( i n s u l a t i o n  
o n l y )  
( a )  s l a b s  where h e a t i n g  d u c t s ,  

p i p e s  o r  r e s i s t a n c e  w i r i n g  a r e  
embedded i n  o r  benea th  t h e  
s l a b s  1 . 3  1 . 7  2.1 2 . 5  

( b )  s l a b s  o t h e r  t h a n  t h o s e  
d e s c r i b e d  i n  ( a )  0 . 8  1 . 3  1 . 7  2 .1  

Notes t o  Table  3 . 2 . A . :  
(1)  Where t h e  number of degree  days  f o r  a p a r t i c u l a r  a r e a  i s  d i f f e r e n t  from 
those  l i s t e d ,  i n t e r p o l a t i o n  between v a l u e s  shown i n  t h e  t a b l e  may be made t o  
o b t a i n  t h e  minimum r e q u i r e d  thermal  r e s i s t a n c e  v a l u e s  f o r  t h a t  a r e a .  (Methods 
of c a l c u l a t i o n  degree  days  a r e  shown i n  Chapter  A6.) 

( 2 )  Every f o u n d a t i o n  w a l l  f a c e  hav ing  more than  50 p e r  c e n t  of  i t s  a r e a  
exposed t o  o u t s i d e  a i r  and t h o s e  p a r t s  of  founda t ion  w a l l s  of wood-frame 
c o n s t r u c t i o n  above e x t e r i o r  ground l e v e l  s h a l l  have a  the rmal  r e s i s t a n c e  
conforming t o  t h e  requ i rements  f o r  w a l l  a s s e m b l i e s  above ground l e v e l .  



a  the rmal  r e s i s t a n c e  a t  l e a s t  equa l  t o  25 p e r  c e n t  o f  t h e  thermal  

r e s i s t a n c e  r e q u i r e d  f o r  t h e  i n s u l a t e d  p o r t i o n  of the  assembly i n  

A r t i c l e  3 .2 .1 .  

3 . 2 . 4 .  The thermal  r e s i s t a n c e  of  a  b u i l d i a g  assembly may be reduced 

by no t  more t h a n  20 p e r  c e n t  from t h a t  r e q u i r e d  i n  A r t i c l e s  3 .2 .1 .  

and 3 .2 .2 . ,  and t h e  amount of  g l a z i n g  may be  i n c r e a s e d  t o  more t h a n  

t h a t  p e r m i t t e d  i n  A r t i c l e  3 .3 .4 . .  where i t  can be shown t h a t  t h e  

t o t a l  c a l c u l a t e d  h e a t  l o s s  from t h e  b u i l d i n g  e n c l o s u r e  does  no t  

exceed t h e  h e a t  l o s s  t h a t  would r e s u l t  i f  t h e  e n c l o s u r e  were 

c o n s t r u c t e d  i n  conformance w i t h  t h e  minimum the rmal  r e s i s t a n c e  

requ i rements  i n  A r t i c l e s  3 .2 .1 .  and 3 .2 .2 .  and w i t h  t h e  maximum 

amount of  g l a z i n g  p e r m i t t e d  i n  A r t i c l e  3 . 3 . 4 . .  provided no a l lowance  

i s  made f o r  s o l a r  h e a t  g a i n s  o r  f o r  t h e  o r i e n t a t i o n  of t h e  g l a z i n g  

a s  d e s c r i b e d  i n  A r t i c l e  3 . 3 . 6 .  

0 
3 .2 .5 .  Where t h e  indoor  w i n t e r  d e s i g n  t empera tu re  i s  l e s s  than  18 C ,  

t h e  minimum thermal  r e s i s t a n c e  R s h a l l  be determined i n  conformance 1 
w i t h  t h e  formula  

0 
where t .  i s  t h e  indoor  w i n t e r  d e s i g n  t empera tu re  ( C ) ,  

1 

1 
to  i s  t h e  ou tdoor  d e s i g n  t empera tu re  based on t h e  2- 

p e r  c e n t  v a l u e  f o r  January  ('C), and 
2  

R i s  t h e  thermal  r e s i s t a n c e  r e q u i r e d  i n  A r t i c l e  3 .2 .1 .  or  
3 . 2 . 2 .  ( ~ ~ . o c / w ) .  

3 .2 .6 .  The thermal  r e s i s t a n c e  v a l u e s  i n  A r t i c l e  3 . 2 . 1 .  and 3 .2 .2 .  

f o r  roof  o r  c e i l i n g  a s s e m b l i e s  s e p a r a t i n g  hea ted  space  from unheated 

space  o r  t h e  e x t e r i o r  may be reduced n e a r  t h e  eaves  t o  t h e  e x t e n t  

made n e c e s s a r y  by t h e  roof  s l o p e  and r e q u i r e d  v e n t i l a t i o n  c l e a r a n c e s ,  

excep t  t h a t  t h e  thermal  r e s i s t a n c e  a t  t h e  l o c a t i o n  d i r e c t l y  above t h e  
2  0 

i n n e r  s u r f a c e  of t h e  e x t e r i o r  w a l l  s h a l l  be a t  l e a s t  2 . 1  m . C/W. 

3 .2 .7 .  The thermal  r e s i s t a n c e  v a l u e s  r e q u i r e d  i n  A r t i c l e  3 .2 .1 .  may 

be reduced t o  t a k e  i n t o  accoun t  t h e  e f f e c t  of  the rmal  i n e r t i a  

r e s u l t i n g  from t h e  mass of t h e  b u i l d i n g  i n  conformance w i t h  Bui ld ing  

Research Note No. 126 ,  pub l i shed  by t h e  D i v i s i o n  o f  B u i l d i n g  Research,  

Na t iona l  Research Counci l  o f  Canada, January  1978. 



3.2.8.  I n s u l a t i o n  a p p l i e d  t o  t h e  e x t e r i o r  o f  a  founda t ion  wal l  o r  

slab-on-ground f l o o r  s h a l l  extend down a t  l e a s t  600 mm below t h e  

a d j a c e n t  e x t e r i o r  ground l e v e l  o r  s h a l l  extend down and outward from 

t h e  f l o o r  o r  wa l l  f o r  a t o t a l  d i s t a n c e  o f  a t  l e a s t  600 mm measured 

from t h e  a d j a c e n t  f i n i s h e d  ground l e v e l .  

3 .2 .9 .  I n s u l a t i o n  a p p l i e d  t o  t h e  i n t e r i o r  o f  a  f o u n d a t i o n  w a l l  s h a l l  

extend from t h e  u n d e r s i d e  o f  t h e  f l o o r i n g  above such w a l l s ,  down t o  

a t  l e a s t  600 mm below t h e  e x t e r i o r  a d j a c e n t  ground l e v e l ,  excep t  a s  

r e q u i r e d  i n  A r t i c l e  9.26.5.6.  of t h e  NBC 1977. 

SUBSECT I O N  3.3 GLAZ I N G  

3 .3 .1 .  Except a s  provided i n  A r t i c l e s  3 .3 .2 . ,  3 . 3 . 3 .  and 3 . 3 . 5 . ,  a l l  

g l a z i n g  t h a t  s e p a r a t e s  hea ted  space from unheated space o r  t h e  

e x t e r i o r  s h a l l  have a thermal r e s i s t a n c e  o f  a t  l e a s t  0.30 m 2 . 0 c / w .  

(Double g l a z i n g  w i t h  a t  l e a s t  a  6 mm a i r  space ,  o r  s i n g l e  g l a z i n g  

wigh a  s torm sash  i s  cons idered  t o  p rov ide  t h e  r e q u i r e d  thermal  

r e s i s t a n c e . )  

3 .3 .2 .  Except a s  provided i n  A r t i c l e s  3 .3 .3 .  and 3 . 3 . 5 . ,  where a  

building i s  l o c a t e d  i n  a  c l i m a t e  a r e a  where t h e  number of C e l s i u s  

degree  days  exceeds  6 500, a l l  windows and s k y l i g h t s  s h a l l  have a  

thermal r e s i s t a n c e  of a t  l e a s t  0 .45 m 2 . 0 ~ / ~ .  ( T r i p l e  g l a z i n g  w i t h  a t  

l e a s t  6 mm a i r  s p a c e s ,  o r  double  g l a z i n g  w i t h  a t  l e a s t  6  mm a i r  space 

and w i t h  a  s to rm sash  i s  cons idered  t o  p rov ide  t h e  r e q u i r e d  thermal 

r e s i s t a n c e .  ) 

3 .3 .3 .  Where a n  enc losed  unheated space ,  such a s  a  sun porch ,  

enclosed verandah o r  v e s t i b u l e ,  i s  s e p a r a t e d  from a hea ted  space by 

g l a z i n g ,  t h e  unheated e n c l o s u r e  may be cons idered  t o  p rov ide  a  thermal 

r e s i s t a n c e  o f  0.16 m2m0c/w,  o r  t h e  e q u i v a l e n t  of one l a y e r  of g l a z i n g .  

3 .3 .4 .  Except a s  provided i n  A r t i c l e s  3 . 3 . 5 .  and 3 . 3 . 6 . ,  t h e  t o t a l  

a r e a  o f  g l a z i n g ,  i n c l u d i n g  g l a z i n g  f o r  doors  and s k y l i g h t s ,  t h a t  

s e p a r a t e s  heated space from unheated space o r  t h e  e x t e r i o r  s h a l l  no t  

exceed 1 5  p e r  c e n t  of t h e  f loor surface area of t h e  s torey  served by 

t h e  g lazed  a r e a s  and s h a l l  n o t  exceed 40 p e r  c e n t  of t h e  t o t a l  a r e a  

o f  t h e  w a l l s  of t h a t  s torey  s e p a r a t i n g  heated space  from unheated 

space  o r  t h e  e x t e r i o r .  ( I n  t h e  c a s e  o f  a  s l o p i n g  w a l l ,  t h e  a r e a  o f  

t h e  opaque p o r t i o n  of t h e  w a l l  i s  c a l c u l a t e d  a s  i t s  p r o j e c t e d  a r e a  on  

a  v e r t i c a l  p l a n e . )  



3.3.5.  Where t h e  thermal r e s i s t a n c e  o f  g l a z i n g  i s  d i f f e r e n t  from 

t h a t  r e q u i r e d  i n  A r t i c l e s  3 .3 .1 .  and 3 . 3 . 2 . ,  t h e  a r e a  of such g l a z i n g  

f o r  t h e  purpose  o f  app ly ing  A r t i c l e  3 .3 .4 .  may be  assumed a s  being 

equa l  t o  t h e  a c t u a l  a r e a  m u l t i p l i e d  by t h e  r a t i o  o f  t h e  r e q u i r e d  

thermal r e s i s t a n c e  d i v i d e d  by t h e  a c t u a l  thermal r e s i s t a n c e  of t h e  

g l a z i n g .  

3.3.6.  Except a s  provided i n  A r t i c l e  3.3.7. .  t h e  a r e a  o f  g l a z i n g  

t h a t  c o n t a i n s  c l e a r  g l a s s  o r  t h a t  h a s  a shading c o e f f i c i e n t  of more 

than  0.70 t h a t  i s  unshaded i n  t h e  w i n t e r  and f a c e s  a  d i r e c t i o n  w i t h i n  

45' of due South may be assumed t o  be 50 per  cen t  of i t s  unshaded a r e a  

i n  c a l c u l a t i n g  t h e  maximum a r e a  o f  g l a z i n g  i n  A r t i c l e s  3 .3 .4 .  and 

3.3.5.  provided t h e  building i s  designed w i t h  a  system t h a t  i s  

c a p a b l e  o f  d i s t r i b u t i n g  t h e  s o l a r  h e a t  g a i n  from such g lazed  a r e a s  

throughout  t h e  building. (For  t h e  purpose  of de te rmin ing  whether o r  

no t  t h e  g l a z i n g  i s  shaded i n  t h e  w i n t e r ,  t h e  shading s h a l l  be 

c a l c u l a t e d  u s i n g  t h e  noon sun a n g l e s  of December 21. )  

3.3.7.  A r t i c l e  3 . 3 . 6 .  s h a l l  n o t  app ly  where t h e  bui ld irg  i s  des igned 

t o  be cooled u n l e s s  t h e  g l a z i n g  d e s c r i b e d  i n  3.3.6.  i s  shaded i n  t h e  

summer w i t h  e x t e r i o r  d e v i c e s .  (For  t h e  purpose  o f  de te rmin ing  whether 

o r  n o t  t h e  g l a z i n g  i s  shaded i n  t h e  summer, t h e  shading s h a l l  be 

c a l c u l a t e d  u s i n g  t h e  noon sun a n g l e s  o f  June 21. )  

EXTRACT DEALING WITH INFILTRATION FROM IIMEASURES FOR ENERGY 

CONSERVATION I N  NEW BUILDINGS 1978" 

SUBSECTION 3 .5  INFILTRATION 

3.5 .1 .  Windows s e p a r a t i n g  hea ted  space from unheated space o r  t h e  

e x t e r i o r  s h a l l  be des igned t o  l i m i t  t h e  r a t e  o f  a i r  i n f i l t r a t i o n  t o  
3 

not  more than  0.775 dm / S  f o r  each m e t r e  of s a s h  c r a c k  when t e s t e d  a t  

a  p r e s s u r e  d i f f e r e n t i a l  of 75 Pa i n  conformance w i t h  ASTM E283-73, 

"Standard Method of T e s t  f o r  Rate  o f  A i r  Leakage through E x t e r i o r  

Windows, C u r t a i n  Walls and Doors". 

3 .5 .2 .  Manually opera ted  e x t e r i o r  s l i d i n g  g l a s s  door assembl ies  t h a t  

s e p a r a t e  hea ted  space  from unheated space  o r  t h e  e x t e r i o r  s h a l l  be  
3 designed t o  l i m i t  a i r  i n f i l t r a t i o n  t o  n o t  more t h a n  2 .5  dm /S f o r  



each s q u a r e  m e t r e  o f  door  a r e a  when t e s t e d  i n  conformance w i t h  

A r t i c l e  3.5.1.  

3.5.3. Except where t h e  door i s  wea the r - s t r ipped  o n  a l l  edges and 

p r o t e c t e d  w i t h  a  s torm door  o r  by an enc losed  unheated s p a c e ,  

e x t e r i o r  swing t y p e  door  a s s e m b l i e s  f o r  d w e l l i n g  u n i t s ,  i n d i v i d u a l l y  

r e n t e d  h o t e l  and motel  rooms and s u i t e s  s h a l l  b e  des igned  t o  l i m i t  
-I t h e  r a t e  o f  a i r  i n f i l t r a t i o n  t o  not  more t h a n  6 .35 dm /S  f o r  each 

s q u a r e  m e t r e  of  door  a r e a  when t e s t e d  i n  conformance w i t h  A r t i c l e  

3 .5 .1 .  

3.5.4.  Door a s s e m b l i e s  o t h e r  t h a n  t h o s e  d e s c r i b e d  i n  A r t i c l e s  3 . 5 . 2 .  

and 3 .5 .3 .  t h a t  s e p a r a t e  h e a t e d  space  from unheated space  o r  t h e  

e x t e r i o r  s h a l l  be des igned  t o  l i m i t  t h e  r a t e  o f  a i r  i n f i l t r a t i o n  t o  
3  no t  more t h a n  1 7 . 0  dm / S  f o r  each m e t r e  o f  door  c r a c k  when t e s t e d  i n  

conformance w i t h  A r t i c l e  3 .5 .1 .  

3.5.5. Caulking m a t e r i a l  t o  r educe  a i r  i n f i l t r a t i o n  s h a l l  conform t o  

t h e  requ i rements  i n  A r t i c l e  9.28.4.3.  o f  the  NBC 1977.  

3 .5 .6 .  The j u n c t i o n  between t h e  s i l l  p l a t e  and t h e  f o u n d a t i o n ,  

j o i n t s  between e x t e r i o r  w a l l  p a n e l s  and any o t h e r  l o c a t i o n  where 

t h e r e  i s  a  p o s s i b i l i t y  o r  a i r  l eakage  i n t o  hea ted  s p a c e s  i n  a  buiZding 

through t h e  e x t e r i o r  w a l l s ,  such a s  a t  u t i l i t y  s e r v i c e  e n t r a n c e s ,  

s h a l l  be cau lked ,  gaske ted  o r  s e a l e d  t o  r e s t r i c t  such a i r  l e a k a g e .  

3 . 5 . 7 .  A i r  l eakage  between hea ted  space  and a d j a c e n t  r o o f  o r  a t t i c  

space  caused by t h e  p e n e t r a t i o n  of  s e r v i c e s  s h a l l  be r e s t r i c t e d  i n  

conformance w i t h  t h e  requ i rements  of A r t i c l e s  9 .26.6 .6 .  t o  9.26.6.14.  

of  t h e  NBC 1977. 



APPENDIX B 

SECTION 33 VENTILATION 

A. SCOPE 

The r e q u i r e m e n t s  f o r  n a t u r a l  v e n t i l a t i o n  i n  t h i s  S e c t i o n  
app ly  t o  a l l  b u i l d i n g s  r e g a r d l e s s  o f  s i z e .  The requ i rements  
f o r  mechanical  v e n t i l a t i o n  app ly  o n l y  t o  b u i l d i n g s  t h a t  a r e  
n o t  more t h a n  3 s t o r e y s  i n  b u i l d i n g  h e i g h t  and w i t h  a  
b u i l d i n g  a r e a  of  n o t  more t h a n  600 m 2 .  For  b u i l d i n g s  
exceeding t h e s e  l i m i t s  t h e  r e q u i r e m e n t s  i n  P a r t  6  of t h e  
Na t iona l  Bu i ld ing  Code o f  Canada 1980 s h a l l  a p p l y .  

Th i s  S e c t i o n  a p p l i e s  t o  t h e  v e n t i l a t i o n  of rooms and s p a c e s  
by n a t u r a l  v e n t i l a t i o n  and mechanical  v e n t i l a t i o n  where t h e  
r a t e d  f a n  c a p a c i t y  d o e s  n o t  exceed 2 m 3 / s .  

Where t h e  r a t e d  f a n  c a p a c i t y  exceeds  2  m3/s,  mechanical  
v e n t i l a t i o n  s h a l l  conform t o  P a r t  6 of t h e  Na t iona l  
Bu i ld ing  Code of  Canada 1980.  

A g a r a g e  f o r  p a r k i n g  more t h a n  5 c a r s  s h a l l  be v e n t i l a t e d  i n  
accordance  w i t h  P a r t  3 of t h e  Na t iona l  Bu i ld ing  Code of  
Canada 1980. 

B.  GENERAL 

( 1 )  Rooms and s p a c e s  i n  b u i l d i n g s  s h a l l  be v e n t i l a t e d  by n a t u r a l  
means i n  accordance  w i t h  Subsec t ion  C o r  by mechanical  means 
i n  conformance w i t h  Subsec t ion  D ,  excep t  t h a t  where a  
d w e l l i n g  u n i t  i s  hea ted  w i t h  o t h e r  t h a n  f u e l - f i r e d  equipment 
w i t h i n  t h e  d w e l l i n g  u n i t ,  a  mechanical  exhaus t  system of  
1 o r  more f a n s  o r  b lowers  having a  t o t a l  c a p a c i t y  of a t  
l e a s t  0.05 m3/s a t  a  p r e s s u r e  d i f f e r e n t i a l  o f  2 . 5  mm of  
wa te r  s h a l l  be provided f o r  each d w e l l i n g  u n i t .  

( 2 )  A space  t h a t  c o n t a i n s  a  f u e l - f i r e d  h e a t i n g  a p p l i a n c e  s h a l l  
have n a t u r a l  o r  mechanical  means of supp ly ing  t h e  r e q u i r e d  
combustion a i r .  

( 3 )  Where t h e  v e n t i l a t i o n  system forms p a r t  of t h e  h e a t i n g  
system, S e c t i o n  34 s h a l l  a l s o  a p p l y .  

( 4 )  A i r  con taminan t s  r e l e a s e d  w i t h i n  b u i l d i n g s  s h a l l  be removed 
i n s o f a r  a s  p o s s i b l e  a t  t h e i r  p o i n t s  o f  o r i g i n  and s h a l l  no t  
be  p e r m i t t e d  t o  accumulate  i n  u n s a f e  c o n c e n t r a t i o n s .  

( 5 )  Every b u i l d i n g  i n  which d u s t ,  fumes, g a s e s ,  vapour o r  o t h e r  
con taminan t s  t end  t o  c r e a t e  a  f i r e  o r  e x p l o s i o n  haza rd  s h a l l  
be  provided w i t h  a n  exhaus t  v e n t i l a t i o n  sys tem designed t o  
conform w i t h  P a r t  6 o f  t h e  Na t iona l  Bu i ld ing  Code o f  Canada 
1980 and s h a l l  be provided w i t h  e x p l o s i o n  r e l i e f  d e v i c e s  and 
v e n t s  o r  o t h e r  p r o t e c t i v e  measures  t o  conform w i t h  P a r t  3 of  
t h e  Na t iona l  Bu i ld ing  Code o f  Canada 1980. 



C . NATURAL VENT ILATION 

( 1 )  The u n o b s t r u c t e d  v e n t i l a t i o n  a r e a  t o  t h e  o u t d o o r s  f o r  rooms 
and spaces  i n  r e s i d e n t i a l  b u i l d i n g s  v e n t i l a t e d  by n a t u r a l  
means s h a l l  conform t o  Tab le  33A. Where a  v e s t i b u l e  opens 
d i r e c t l y  o f f  a  l i v i n g  o r  d i n i n g  room w i t h i n  a  d w e l l i n g  u n i t  
v e n t i l a t i o n  t o  t h e  o u t d o o r s  f o r  such rooms may be through 
t h e  v e s t i b u l e .  

( 2 )  Openings f o r  n a t u r a l  v e n t i l a t i o n  o t h e r  t h a n  windows s h a l l  be 
c o n s t r u c t e d  t o  p r o v i d e  p r o t e c t i o n  from t h e  weather  and 
i n s e c t s .  Sc reen ing  s h a l l  be o f  rus t -p roof  m a t e r i a l .  

Tab le  33A - Natura l  v e n t i l a t i o n  

L o c a t i o n  Minimum Unobst ructed 
Area 

Bathrooms o r  wa t e r - c l o s e  t rooms 0.09 m 2  

Within  Unfinished basement space  0 . 2  p e r  c e n t  of  t h e  

d w e l l i n g  
f l o o r  a r e a  

u n i t  S q 

Dining rooms, l i v i n g  rooms, 0.28 mL p e r  room o r  
bedrooms, k i t c h e n s ,  combined rooms, combinat ion o f  rooms 
d e n s ,  r e c r e a t i o n  rooms and a l l  
o t h e r  f i n i s h e d  rooms 

Other  
t h a n  
dwel l  

w i t h  
i ng 

Bathrooms o r  wa te r -c lose  t rooms 0.09 m 2 p e r  wa te r  
c l o s e t  

S l e e p i n g  a r e a s  L 0.14 m p e r  occupant  

Laundry rooms, k i t c h e n s ,  r e c r e a t i o n  4 p e r  c e n t  of t h e  
in  rooms f l o o r  a r e a  

u n l  t s  
C o r r i d o r s ,  s t o r a g e  rooms and o t h e r  2  p e r  c e n t  of t h e  
s i m i l a r  p u b l i c  rooms o r  s p a c e s  f l o o r  a r e a  

Unfinished basement space  n o t  used 0 . 2  p e r  c e n t  of  t h e  
on a  shared b a s i s  f l o o r  a r e a  
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D .  MECHANICAL VENTILATION 

Where rooms o r  s p a c e s  a r e  mechan ica l ly  v e n t i l a t e d ,  t h e  
sys tem s h a l l  be c a p a b l e  o f  p r o v i d i n g  a t  l e a s t  1 a i r  change 
p e r  hour .  Where a  k i t c h e n  space  i s  combined w i t h  a  l i v i n g  
a r e a ,  n a t u r a l  o r  mechanical  v e n t i l a t i o n  s h a l l  be provided 
i n  t h e  k i t c h e n  a r e a .  

No a i r  from any d w e l l i n g  u n i t  s h a l l  be c i r c u l a t e d  d i r e c t l y  
o r  i n d i r e c t l y  t o  any o t h e r  d w e l l i n g  u n i t ,  p u b l i c  c o r r i d o r  
o r  p u b l i c  s t a i r w a y .  

Except f o r  s e l f - c o n t a i n e d  sys tems t h a t  s e r v e  i n d i v i d u a l  
d w e l l i n g  u n i t s ,  exhaus t  d u c t s  from rooms c o n t a i n i n g  wa te r  
c l o s e t ,  u r i n a l s ,  l a v a t o r i e s ,  showers o r  s l o p  s i n k s ,  and 
exhaus t  d u c t s  s e r v i n g  rooms c o n t a i n i n g  cooking equipment,  
s h a l l  n o t  be i n t e r c o n n e c t e d ,  and s h a l l  n o t  be  connected t o  
d u c t  sys tems s e r v i n g  o t h e r  a r e a s  of  t h e  b u i l d i n g ,  excep t  
a t  t h e  i n l e t  of  t h e  exhaus t  f a n .  Where such a  c o n n e c t i o n  
i s  made.devices  s h a l l  be i n s t a l l e d  t o  p reven t  t h e  
c i r c u l a t i o n  of  e x h a u s t  a i r  through t h e  b u i l d i n g  when t h e  
f a n  i s  n o t  o p e r a t i n g .  

Where a v e r t i c a l  s e r v i c e  space  c o n t a i n s  a n  exhaus t  d u c t  
t h a t  s e r v e s  more t h a n  1 f i r e  compartment, t h e  d u c t  s h a l l  
have a  f a n  l o c a t e d  a t  o r  nea r  t h e  exhaus t  o u t l e t  t o  e n s u r e  
t h a t  t h e  d u c t  i s  under  n e g a t i v e  p r e s s u r e ,  and such 
i n d i v i d u a l  f i r e  compartments s h a l l  n o t  have f a n s  t h a t  
exhaus t  d i r e c t l y  i n t o  t h e  d u c t  i n  t h e  v e r t i c a l  s e r v i c e  
space .  

A i r  i n t a k e s  s h a l l  be  l o c a t e d  s o  a s  t o  avo id  con tamina t ion  
from exhaus t  o u t l e t s  o r  o t h e r  s o u r c e s  i n  c o n c e n t r a t i o n s  
g r e a t e r  t h a n  normal i n  t h e  l o c a l i t y  i n  which t h e  b u i l d i n g  
i s  l o c a t e d .  

Exhaust d u c t s  s h a l l  d i s c h a r g e  d i r e c t l y  t o  t h e  o u t d o o r s .  
Where t h e  exhaust  d u c t  p a s s e s  th rough  o r  i s  a d j a c e n t  t o  
unheated space ,  t h e  d u c t  s h a l l  be i n s u l a t e d  t o  p reven t  
m o i s t u r e  c o n d e n s a t i o n  i n  t h e  d u c t .  

V e n t i l a t i o n  equipment s h a l l  be a c c e s s i b l e  f o r  i n s p e c t i o n ,  
maintenance,  r e p a i r  and c l e a n i n g .  Ki tchen exhaus t  d u c t s  
s h a l l  be des igned  and i n s t a l l e d  s o  t h a t  t h e  e n t i r e  d u c t  can  
be c l e a n e d  where t h e  d u c t  i s  n o t  equipped w i t h  a  f i l t e r  a t  
t h e  i n t a k e  end.  

Outdoor a i r  i n t a k e  and exhaus t  o u t l e t s  s h a l l  be s h i e l d e d  
from weather  and i n s e c t s .  Sc reen ing  s h a l l  be o f  rus t -p roof  
m a t e r i a l .  

Outdoor a i r  i n t a k e  open ings  i n t o  the  co ld  a i r  r e t u r n  system 
s h a l l  be provided w i t h  a  manual ly  o p e r a t e d  o r  a u t o m a t i c  
damper. A i r  i n t a k e  open ings  l a r g e r  t h a n  127 mm d i a m e t e r  
s h a l l  be equipped w i t h  a  manual ly  o p e r a t e d  c l o s u r e  i f  t h e  
sys tem i s  g r a v i t y  t y p e ,  o r  an au tomat ic  c l o s u r e  i f  t h e  
system i s  mechan ica l ly  o p e r a t e d .  



(10)  Except a s  provided i n  ( l l ) ,  e v e r y  v e n t i l a t i n g  d u c t  s h a l l  
conform t o  t h e  requ i rements  of S e c t i o n  34 f o r  supply  d u c t s .  

(11)  An exhaust  d u c t  t h a t  s e r v e s  on ly  a  bathroom o r  w a t e r - c l o s e t  
room and t h a t  i s  con ta ined  e n t i r e l y  w i t h i n  a  d w e l l i n g  u n i t  
o r  space t h a t  i s  common t o  no o t h e r  d w e l l i n g  u n i t  may be 
o f  combust ib le  m a t e r i a l  provided t h e  d u c t  i s  r easonab ly  a i r  
t i g h t  and c o n s t r u c t e d  o f  a  m a t e r i a l  impervious  t o  w a t e r .  

(12)  Underground v e n t i l a t i n g  d u c t s  s h a l l  be adequa te ly  d r a i n e d .  
Such d u c t s  s h a l l  have no sewer connec t ions  and s h a l l  be 
provided w i t h  a c c e s s  f o r  i n s p e c t i o n  and c l e a n i n g .  
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BII .1  REGULATIONS 

BI I . l  , l  I n t roduc t i on  

I n  The Ne ther lands  t h e r e  a r e  abou t  4 .8  m i l l i o n  houses .  Approximately 

one- th i rd  a r e  apar tments  o r  f l a t s  and t w o - t h i r d s  s i n g l e - f a m i l y  houses  

(1).  A t y p i c a l  example of b o t h  i s  g iven  i n  F i g u r e s  B I I . l  and BII .2 .  

g r o u n d  f l o o r  t l r r t  f l o o r  

c ross  #ac t ion  f r o n t  foqoda  

F i g u r e  BII.1. FZoorpZar, and facades  s ingle-family  house. 

The h e a t i n g  system normal ly  c o n s i s t s  of a  g a s - f i r e d  b o i l e r  w i t h  h o t  

wa te r  r a d i a t o r  p a n e l s .  I n  apar tment  b u i l d i n g s  t h e r e  i s  commonly one 

c e n t r a l  b o i l e r  p l a n t .  Most s i n g l e - f a m i l y  houses  have t h e i r  own 

h e a t i n g  system. 

Apartment b u i l d i n g s  above 1 3  m h igh  have mechanical  e x t r a c t  

v e n t i l a t i o n  sys tems.  Most o t h e r  houses  a r e  n a t u r a l l y  v e n t i l a t e d .  
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U 

I 

Figure BII. 2 .  FZoorpZan o f  n f l a t .  

V e n t i l a t i o n  i n  The Nether lands  i s  always dependent on bo th  wind and 

buoyancy f o r c e s .  See F igure  B I I . 3 .  

icuo y a n q  
dominated 

Figure BII. 3. 

A i r  flow t h o u g h  dwel l ings .  

The important  p a r t s  o f  t h e  energy consumption of a  d w e l l i n g  a r e  due 

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

-1 
Cons ider ing  t h a t  normal v e n t i l a t i o n  r a t e s  a r e  between 0 .5  ( h  ) and 

1 (h-') t h e  v e n t i l a t i o n  h e a t  l o s s  v a r i e s  from 1 0  t o  30 per  c e n t  o f  

t h e  t o t a l  energy consumption f o r  s ing le - fami ly  houses  and from 20 t o  



50 p e r  c e n t  f o r  a p a r t m e n t s  ( 2 ) .  These l o s s e s  depend on t h e  amount of  

thermal  i n s u l a t i o n  p r e s e n t .  

An energy b a l a n c e  f o r  an  apar tment  nea r  t h e  North Sea c o a s t  has  been 

measured by t h e  Research I n s t i t u t e  o f  Environmental  Hygiene-TNO, and 

i s  g i v e n  i n  t h e  Appendix. 

B11 . l  .2 A i r t i g h t n e s s  

There  a r e  no s t a n d a r d s  on a i r t i g h t n e s s  a p a r t  from t h e  one on a i r  

l eakage  th rough  c r a c k s  of windows. 

The a i r  l eakage  th rough  t h e  c r a c k s  of windows i s  g iven  i n  Tab le  B I I . l .  

The b e s t  e s t i m a t e  o f  t h e  a i r  l e a k a g e  o f  houses  c a n  be seen  i n  F i g u r e  

B I I . 4 .  The a i r  l e a k a g e  i s  expressed  a s  a f l o w r a t e  a t  a  p r e s s u r e  
3 d i f f e r e n c e  o f  1 Pa.  For  purposes  of comparison 0 .1  m / S  a t  1 Pa i s  

equa l  t o  a n  a i r  change r a t e  a t  50 Pa of  abou t  12  a c / h ,  o r  equa l  t o  a n  
2 open a r e a  o f  about  0.08 m . 

Table BII. I .  A i r  Leakage o f  w i d o w s  according t o  TJEN 3661 ( 3 ) .  

Height of t h e  b u i l d i n g  i n  which Exposure P r e s s u r e  d i f f e r e n c e  
t h e  window i s  s i t u a t e d  

m P a 

15  Normal 150 

4 0 1 1  200 

100 I t  25 0 

15  Coast  300 

4 0 II 350 

100 I I  400 

3 At t hese  pressure d i f f e r e n c e s  an a i r  flow r a t e  o f  5 dm /S per m 
crack l eng th  may not be exceeded. 

The d i s t r i b u t i o n  of t h e  a i r  l eakage  o v e r  t h e  b u i l d i n g  envelope f o r  

s i n g l e - f a m i l y  houses  i s  g i v e n  i n  F i g u r e  B I I . 5  ( 4 ) .  An example o f  what 

t h i s  a i r  l e a k a g e  means i n  r e l a t i o n  t o  a i r  change r a t e s  a t  h e a t  l o s s  

c a n  be seen  i n  F i g u r e  BI I .6  ( 5 ) .  



L l i s t r i h t i o ~  o f  a i r  Zcakage 
for 7.36 dweZlimjs ii; The 

Figure BII .  6 .  

ooOlo V e n t i l a t i c n  dnc t s  

I n f i l t r a t i o n  r a t e s ,  a c j h ,  
and i n f i l t r a t i o n  heat 
Losses, W; ,  versus wind 
veZoci ty .  
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roof/wn Z l  j o in t  
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I Figure 3 1 1 . 5 .  
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E x q Z e  o f  the  d i s t r i b u t i o n  
Unknown i . e .  f loor  o f  a i r  Leakages over the 
adjacent houses, bu i ld ing  enve lope. 



BII.1.3 Minimum ventilation requirement 

The minimum ventilation requirements are regulated in the Dutch 

standard for ventilation of dwellings (6). A basis for minimum 
3 

ventilation is choosen to an airflow rate of 7 dm /S per person. 

The requirements for the different rooms are tabulated in Chapter A5. 

The philosophy of the standard committee was to require airflows 

based on health and indoor climate. There is a code of practice in 

which these flow requirements are translated to openable window areas 

and sizes of ventilation ducts (7). 

For buildings with a height above 13 m mechanical extract ventilation 

is required. This is also the case when the kitchen is in open 

connection (no door) with the living-room. 

BII.1.4 Heat transmission 

For design purposes there are no standards on heat transmission 

calculations. Nevertheless there are rules in normal practice as 

described in a technical note (8). These rules, which are almost 

always used, are based on DIN 4701. 

The design indoor temperatures can be seen in Table BII.2. The design 

outside temperatures and wind velocities are given in Figure BII.7. 

An outside temperature of -10'~ and wind velocities of 5 to 8 m/s 

are normal in The Netherlands. 

2 The building code ( 9 )  requires minimal thermal resistance (m K/W) for 

floors, roofs, walls, glazing,.etc. The corresponding thermal 

transmittance values are given in Table A5.6 in this handbook. 

Table BII. 2. Design temperature i n  dwellingo according t o  ISSO publ. 4 .  

Temperature 
0 

C 

Bedroom 18 

Kitchen 18 

Bathroom 2 2 



Figure BII.7. Design ou t s ide  temperatures and wind v e l o c i t i e s .  

There  i s  a  s t a n d a r d  o n  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  ( 1 0 ) .  T h i s  

s t a n d a r d  g i v e s  c a l c u l a t i o n  methods  f o r  t he rma l  i n s u l a t i o n .  

The commit tee  o n  s t a n d a r d s  of 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  

i n t r o d u c e d  i n  t h e  new s t a n d a r d  t h e  t e rm i n s u l a t i o n  i n d e x  I T h i s  
t '  

q u a n t i t y  i s  d e f i n e d  as  



where I = thermal  i n s u l a t i o n  index 
t 

2 
A. = t o t a l  e x t e r n a l  s u r f a c e  a r e a  (m ) 

3 V = g r o s s  volume of  t h e  b u i l d i n g  (m ) 

- 
k  = o v e r a l l  thermal  t r a n s m i t t a n c e  (w/rn2 K )  

B I I .  2 CL I M A T I C  DATA 

The c l i m a t i c  d a t a  used i n  t h i s  handbook f o r  The Ne ther lands  a r e  based 

on p u b l i c a t i o n s  from t h e  Royal Dutch ~ e t e o r o l o g i c a l  I n s t i t u t e  ( 1 1 ) .  

These a r e  f requency t a b l e s  of t h e  main c l i m a t i c  e lements  c a l c u l a t e d  

from t h e  r e s u l t s  of measurements.  

The c l i m a t i c  t a b l e s  g i v e n  i n  F i g u r e  BII.8 have been d e r i v e d  from 

measurements f o r  t h e  s t a n d a r d  p e r i o d  1931-1960. 

De B i l t  i s  a  p r i n c i p a l  s t a t i o n  i n  t h e  middle  of The Ne ther lands .  Den 

Helder i s  a  p r i n c i p a l  s t a t i o n  a t  t h e  nor th-west  c o r n e r  of t h e  c o u n t r y .  

T h i s  s t a t i o n  i s  more r e p r e s e n t a t i v e  of  t h e  c o a s t a l  a r e a .  
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Figure BII. 8 .  

Cl imai ic  data for two t y p i c a l  
meteor0 log ica l  s t a t i o n s  i n  The 
?/ether lands.  

BII.3 BUILDINGCONSTRUCTIONS 

011.3.1 Introduction 

The housing s t o c k  of The Nether lands  can  be ca ta logued  by d i f f e r e n t  

c o n s t r u c t i o n a l  d e s i g n s .  See Table  BII .3 .  Some t y p i c a l  examples of 

t h e s e  w a l l ,  f l o o r  and roof  c o n s t r u c t i o n s  w i t h  and wi thou t  thermal 

i n s u l a t i o n  a r e  g i v e n  i n  t h e  F i g u r e s  B I I . 9  and BII .10 ( 1 2 ) .  House 

c o n s t r u c t i o n s  i n  The Nether lands  a r e  normal ly  wi thou t  any s p e c i a l  

p r o v i s i o n  f o r  a i r t i g h t n e s s .  Condensat ion o f  wa te r  vapour i n  t h e  

c o n s t r u c t i o n  can  r e q u i r e  some a d d i t i o n a l  p r o v i s i o n s ,  such a s  vapour 

b a r r i e r s .  



Table BII. 3. Typical  post-war house c o ~ s t r u c t i o n s .  

Per iod  S ing le - fami ly  houses  Apartments 

1945-1955 br ickwork c o n c r e t e  
c a v i t y  w a l l s  w a l l s ,  f l o o r s  
wooden f l o o r s  and r o o f s  
wooden roof  w i t h  t i l e s  

1955-1965 brickwork c o n c r e t e  
c a v i t y  w a l l s  e lement  w a l l s ,  
c o n c r e t e  element f l o o r s  f l o o r s  and r o o f s  
wooden roof  w i t h  t i l e s  

1965-1980 on s i t e  c o n c r e t e  w a l l s ,  on  s i t e  c o n c r e t e  
w i t h  o u t s i d e  br ickwork f l o o r s  and r o o f s  
p r e f a b r i c a t e d  f a c a d e  p r e f a b r i c a t e d  
p a n e l s  f a c a d e  p a n e l s  
wooden roof  w i t h  t i l e s  

The most important  a i r  l eakage  p a t h s  a r e  t h e  j o i n t s  between roof  and 

w a l l  and t h e  l e a k a g e s  between c rawlspace  and ground f l o o r .  The masonry 

w a l l s  a r e  a lmost  always f i n i s h e d  w i t h  p l a s t e r  and wa l l  paper  and t h e  

l e a k a g e s  th rough  t h e s e  f a c a d e s  a r e  normal ly  i n  t h e  o r d e r  of 10  p e r  

c e n t  o f  t h e  t o t a l  l eakage .  Lmprovements i n  f l o o r  and r o o f / w a l l  j o i n t s  

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

Most d e t a i l s  g iven  a r e  q u i t e  normal f o r  b u i l d i n g  p r a c t i c e  i n  The 

Ne ther lands .  Small a d d i t i o n a l  measures a r e  added t o  improvement on 

a i r t i g h t n e s s  such a s :  

o t a p e  

0 s e a l i n g  compounds 

o foam 

o l ead  s h e e t  o r  s t r i p s  

o p l a s t i c  f i l m  

o bitumen 

Good workmanship i s  necessa ry  t o  a c h i e v e  good a i r t i g h t n e s s .  



F a c a d e s  
.- 

C a v i t y  w a l l  
2-br i c k  

C a v i t y  w a l l  
l - b r  i c k  

Frame 
f i l l i n g s  

Roof S 

Wooden w i t  h 
t i l e s  

F l a t  wooden 
with bi tumen 

F l a t  c o n c r e t e  
r o o f  

U n i n s u l a t e d  

Figure BII. 9.  VaZI and roof cons t ruc t ions .  

I n s u l a t e d  

EzpZanatiotzs t o  t he  f igures  - see below Figure BII. 10. 



F l o o r s  

Wooden 

Reinforced 
c o n c r e t e  

Rammed 
c o n c r e t e  

Concre te  
element 8 

Hollow 
b r i c k s  

Boarding 
s l a b f  l o o r  

Uninsu la t  ed 

0 

I n s u l a t e d  

Figure BII. 10. Floor cons t ruc t ions .  

Explanations t o  t h e  Figures B I T .  9 ard BII.lO: 

l I n s u l a t i o n  9 S lab  f loor  
2 ~ u r z i n g  1 3  ; \ I I Q s o ~ P _ u  

3 Wooden f loor boards 11 Cavi ty  
4 ~ e i n f o r c e d  concre te  12 Pla te  material  
5 Upper Zayer 13 Roof hoarding 
6 8 m e d  concrete  7 4  Roof t i l e s  
7 Concrete elements 1 5  Bitumen 
8 !iolZow br i ck  element 

2 R = heat r e s i s t a w e  (m K/W). 



WALL CONSTRUCTIONS 

The c a v i t y  wa l l  c o n s t r u c t i o n  i s  normal b u i l d i n g  p r a c t i c e  i n  The 

N e t h e r l a n d s .  Both i n n e r  and o u t e r  l a y e r  c a n  be  o f  masonry. The i n n e r  

l a y e r  i s  sometimes b r i c k  but  f o r  new houses  mos t ly  c o n c r e t e .  Some new 

house c o n s t r u c t i o n s  have one l a y e r  of s h e e t i n g  m a t e r i a l  i n s t e a d  o f  

b r i c k  o r  c o n c r e t e .  Wood frame c o n s t r u c t i o n s  a r e  r a r e l y  used ( s e e  

F i g u r e  B I I .  9 ) .  

ROOF CONSTRUCTIONS 

Almost a l l  roof  c o n s t r u c t i o n s  of  s i n g l e - f a m i l y  houses  w i t h  s l o p i n g  

r o o f s  have wooden p u r l i n s ,  wood r o o f - s h e e t i n g  and ceramic  t i l e s .  Most 

f l a t  r o o f s  a r e  of c o n c r e t e  w i t h  bitumen on t h e  o u t s i d e  ( s e e  F i g u r e  

B I I . 9 ) .  

FLOOR CONSTRUCT IONS 

Old houses  have wooden f l o o r s .  Most s i n g l e - f a m i l y  houses have c o n c r e t e  

e l ements  o r  hol low b r i c k s  w i t h  a n  upper l a y e r  of m o r t a r  a s  t h e  ground 

f l o o r  above t h e  c rawlspace .  Apartment f l o o r s  a r e  made of c o n c r e t e  i n  

most c a s e s  ( s e e  F i g u r e  BI I .10) .  

B I I . 3 . 2  Cons t ruc t ion  d e t a i l s  

The most important  a i r  l eakage  i n  Dutch houses  c a n  b e  s e e n  i n  F i g u r e  

B I I . l l .  Examples of c o n s t r u c t i o n a l  d e t a i l s  w i t h  a  f i r s t  a t t e m p t  on 

a i r t i g h t n e s s ,  a r e  g i v e n  i n  F i g u r e s  BII.12-BII.18 ( 4 ,  1 3 ) .  

Figure BII.11. 

Most important air 
Leakages in Pi~tch 
h o m e s .  



DOOR SILL 

The a i r t i g h t n e s s  depends mainly  on t h e  s e a l i n g  s t r i p  between door  

frame and c o n c r e t e  t i l e .  The l e a d  s t r i p p i n g  a v o i d s  w a t e r  t r a n s p o r t .  

T h i s  d e t a i l  i s  normal i n  b u i l d i n g  p r a c t i c e ,  F i g u r e  BI I .12 .  

HEAD PIECE WALL JOINT 

The s e a l i n g  s t r i p  (16 - 20 mm) i s  i n  a  l a t h  i n  t h e  i n n e r  s i d e  and 

t h e s e  i s  l e a d  s h e a t h i n g  between i n n e r  l i n t e l  and window frame o u t s i d e .  

The s e a l i n g  s t r i p  can  be seen  a s  an  improvement on normal b u i l d i n g  

p r a c t i c e ,  F i g u r e  BI I .13 .  

WINDOW SILL C A V I T Y  WALL 

A p o l y e t h y l e n e  f i l m  i s  jammed- between i n n e r  w a l l  and i n s u l a t i o n  and 

between a  s p e c i a l  wooden l a t h  and window frame.  The s h e e t  t o  t h e  

o u t e r  l a y e r  is  g lued  on t h e  l a t h ,  F i g u r e  BI I .14 .  

Sea l i n g  

Lead ----. 
Sround 
l eve l  

Foundation m l Z 
concrete  

Concrete 

Figure BII.12. Door sill. 



3r ick  or  concrete  c a v i t y  waZZ 

r InsuZation 

L in t e l  

Figure 511.13. Head piece mZZ joint. 

Vindow frame 

Vindou sea t  

Window 
s i l l  t i l e  

PoZyethy Zene fi 

~ZgethyZene f i lm  

Cavi ty  w a Z Z  
b r i c  k /concrete  

Figure BTI .14 .  Window siZZ c a v i t y  mZZ. 



ROOF /PARTY WALL 

The connect ion j o i n t  between roof-element and wall  must be c a r e f u l l y  

f i l l e d  with foam. This  i s  a spec i a l  measure f o r  a i r  t i g h t n e s s .  The 

mineral wool between t h e  roof-sheet ing g ives  some sound i n s u l a t i o n .  

Roof t i l e s  1 ,'- Mineral wool 

R00 f 
shee t ing  
w i t h  
i n o u l a t i o n  

Figure B I I . 1 5 .  Roof /party  wa l l .  



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

foaming on t h e  i n s i d e  a r e  s p e c i a l  measures f o r  improving a i r  t i g h t n e s s .  

On t h e  m o r t a r  l a y e r  o f  t h e  c o n c r e t e  f l o o r  a  s e a l i n g  compound s t r i p  

(16 20 m) jammed i n  a  l a t h  i s  a l s o  n e c e s s a r y  t o  avoid  u n i n t e n t i o n a l  

l eakage .  The seam between two r o o f - s h e e t i n g  e lements  must be  taped o f f .  

Comrete/brick 
cavi ty  wall 

Figure BII.16. Joint roof/waZl. 

R I D G E  

Foaming i s  n e c e s s a r y  i n  e v e r y  n i c h e  and c o r n e r  between r i d g e  t u r r e t ,  

r i d g e  p u r l i n  and r o o f - s h e e t i n g  t o  avo id  a i r  l e a k a g e ,  F i g u r e  BII .17.  



.?idge t i l e  

Figure BII. 17 .  Ridge. 

ROOF - WINDOW 

The d e t a i l  g i v e n  i s  t h e  lower connec t ion  between dormer window and 

roof - shee t ing .  The seam between dormer window and r o o f - s h e e t i n g  must 

be a s  smal l  a s  p o s s i b l e .  Foaming i n  t h e  c a v i t y  between roof - shee t ing  

and i n n e r s h e a t i n g  i s  necessa ry  t o  r e a c h  a  r e a s o n a b l e  a i r t i g h t  

c o n s t r u c t i o n .  

w i t h  insu la t ion  Figure BII. 18. 

Roof window. 
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Appendi X 

ADDITIONAL ENERGY BALANCES FOR A FLAT I N  THE NETHERLANDS 

I n  a d d i t i o n  t o  t h e  energy ba lances  of t h e  s ing le - fami ly  houses 

d e s c r i b e d  i n  Chapter  A3, t h e  fo l lowing  energy ba lance  f o r  a  f l a t  nea r  

t h e  North Sea c o a s t  h a s  been measured by TNO:  

S o l a r  h e a t  g a i n  
3 Heating (gas  3200 m ) 

Hot water  

E l e c t r i c i t y  

People  

T o t a l  4 4 . 0  MWh = 159 G J  

OUT 

Transmiss ion l o s s e s  24.5 MWh 

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

Chimney l o s s e s  

Waste-water l o s s e s  

Vapour 

Unknown 

T o t a l  4 4 . 0  MWh - 159 G3 

Specification 

F l a t ,  t o p f l o o r ,  a t  a  c o r n e r  i n  use  s i n c e  1971 

F l o o r  a r e a  

Volume 

S i n g l e  pane window 

Double pane window 

Wall S 

R 0 0  f 

V e n t i l a t i o n  ? 
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REGULATIONS 

Bui ld ing  i n  Sweden i s  c o n t r o l l e d  p r i m a r i l y  by Svcnsk Eyggmrrri med 

k o m m t a r e r  (SBY)  {Swedish Bui ld ing  R e g u l a t i o n s  w i t h  comments (SBN) 

i s s u e d  by t h e  N a t i o n a l  Swedish Board of  P h y s i c a l  P lann ing  and 

B u i l d i n g .  The l a t e s t  e d i t i o n  i s  SBN 1980 w i t h  i t s  comments compendium 

and was pub l i shed  i n  1981.  The r e g u l a t i o n s  s t a t e  mainly  t h e  minimum 

requ i rements  f o r  s a f e t y  and comfor t  i n  b u i l d i n g s .  Energy management 

r equ i rements  a r e  a l s o  s t a t e d .  

To be e l i g i b l e  f o r  government home l o a n s ,  t h e r e  a r e  s p e c i a l  

r e g u l a t i o n s  i s s u e d  by t h e  M i n i s t r y  of Housing and Local  Government 

t o  be  complied w i t h .  These r e g u l a t i o n s  a f f e c t  bo th  new b u i l d i n g s  and 

r e h a b i l i t a t i o n  and c a n  a lmost  be c o n s i d e r e d  a n  appendix t o  t h e  

minimum requ i rements  r e f e r r e d  t o  i n  Swedish Bui ld ing  R e g u l a t i o n s .  

Near ly  a l l  new housing i s  f i n a n c e d  th rough  government l o a n s  and t h u s  

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

r e g u l a t i o n s  a l s o  i n f l u e n c e  t h e  e x t e n t  of b u i l d i n g  s e r v i c e s .  For 

example, f a v o u r a b l e  l o a n s  f o r  h e a t  exchangers  i n  s i n g l e - f a m i l y  

d w e l l i n g s  h a s  meant t h a t  a lmost  50 p e r  c e n t  o f  a l l  new s i n g l e - f a m i l y  

d w e l l i n g s  a r e  f i t t e d  w i t h  such equipment.  

B111 . l  . l  A i r t i g h t n e s s  

A c o n s i d e r a b l e  d e g r e e  of  a i r t i g h t n e s s  i s  r e q u i r e d  by SBN 1980. The 

requ i rements  a r e  i l l u s t r a t e d  i n  Chapter  A 5  and mean t h a t ,  when 

p r e s s u r e  t e s t e d ,  t h e r e  i s  a  maximum p e r m i s s i b l e  t o t a l  l e a k a g e  f o r  t h e  

b u i l d i n g  a s  a  whole. The v a l u e s  r e f e r r e d  t o  a r e  c o n s i d e r e d  t o  f u l f i l 1  

t h e  requ i rements  demanded f o r  comfort  and energy management. 

I n  t h e  comments compendium of 1981, t h e r e  a r e  s t a t e d  requ i rements  f o r  

a i r t i g h t n e s s  f o r  p a r t s  of b u i l d i n g s  which a r e  normal ly  a p p l i e d  t o  

t y p e  t e s t i n g  o f  b u i l d i n g  e lements .  Refe r  t o  Tab le  B I I I . l .  There  a r e  

a l s o  requ i rements  t h a t  j o i n t s  between v a r i o u s  b u i l d i n g  s e c t i o n s  s h a l l  

be  des igned s o  t h a t  inconven ien t  a i r  l eakage  i s  p reven ted .  

It i s  envisaged t h a t  sample t e s t i n g  can  be demanded by l o c a l  

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

t h e  p r e s s u r e  t e s t  method.  A guarded p r e s s u r e  box i s  used f o r  t e s t i n g  

b u i l d i n g  e lements .  The methods a r e  d e s c r i b e d  i n  Chap te r  A l l .  



Table BIII.l. Values o f  h ighes t  a i r  leakage for  bu i ld ing  sec t ions  
and j o i n t s  between parto w i t h  t h e  same funct ion,  
intended normally for app l i ca t ion  during t ype  approval 
of the bu i ld i rg  element.  

Bui ld ing  element P r e s s u r e  Bui ld ing  w i t h  h e i g h t  i n  f l o o r s  
d i f f e r e n c e  

P a  1-2 3 -8 > 8 

Wall exposed t o  o u t d o o r s  50 0.4 0.2 0 .2  

Windows and d o o r s  exposed 50 1 . 7  1 . 7  1 . 7  
t o  o u t d o o r s  ( r e f e r s  t o  300 5.6 5 . 6  5 . 6  
t i g h t n e s s  of  c o r n e r  500 - - 7.9  
j o i n t s ,  f e n e s t r a t i o n  and 
gaps  between frame and 
window o r  door1)  

Roof exposed t o  o u t d o o r s  5 0  0 . 2  0 .1  0.1 
and j o i s t  s t r u c t u r e s  
exposed t o  o u t d o o r s  next 
t o  v e n t i l a t e d  space  

1 Le t t e r  boxes and door b e l l s  c o n s t i t u t e  f u r ther  sources o f  a i r  
leakage and higher valueo can be accepted a s  a r e s u l t .  

During r e h a b i l i t a t i o n  o f  b u i l d i n g s ,  SBN assumes t h a t  l eakage  which 

g i v e s  r i s e  t o  h y g i e n i c  problems i s  r e c t i f i e d .  

Windows a r e  c l a s s i f i e d  i n  a  Swedish Standard ( S I S  81 81 03) w i t h  

r e s p e c t  t o  f u n c t i o n  and a p p l i c a t i o n .  There  a r e  t h r e e  c l a s s e s ,  A ,  B 

and C wherein  A r e l a t e s  t o  t h e  s i m p l e s t  d e s i g n .  A i r t i g h t n e s s  i s  

t e s t e d  a c c o r d i n g  t o  p r e s c r i b e d  methods u s i n g  a  guarded p r e s s u r e  box.  

Windows a r e  t e s t e d  a t  bo th  n e g a t i v e  and p o s i t i v e  p r e s s u r e .  Only t h e  

a c t u a l  window's l eakage  i s  t e s t e d  w i t h  t h i s  method and t h e  t e s t  does  

n o t  i n c l u d e  t h e  j o i n t  next  t o  t h e  o u t e r  w a l l .  

The ~ e r m i s s i b l e  a i r  l eakage  ( q )  f o r  windows i n  each c l a s s  i s  s t a t e d  
3 i n  m /h m2 and i s  determined by t h e  formula  

2  
where q = a i r  l eakage  i n  rn3 p e r  h  and m window a r e a  

k  = a  c o e f f i c i e n t  (0 .2  f o r  c l a s s  A and 0.125 f o r  c l a s s e s  
B and C )  

p  = p r e s s u r e  d i f f e r e n c e  i n  Pa between i n n e r  and o u t e r  
s u r f a c e s  of t h e  window. 



A diagram of the highest permissible air leakage and classification 

is illustrated in Figure B I I I . 1 .  Requirements for rain tightness and 

security against wind loading are included in addition to airtightness 

requirement S. 

Air leakage, q 
m31( ham2) 
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Figure BIII.l. ~ l a s s i f i c a t i o n  of windows b y  highest  permissible a i r  
leakage according t o  Swedish Standard (SIS 81 81 0 3 ) .  

Class A:  a i r  leakage sha l l  be below curve 1 up t o  
150  Pa 

Class B: a i r  leakage s h a l l  be below curve 2 up  t o  
300 Pa 

Class C :  a i r  leakage sha l l  be below curve 2 up t o  
500 Pa. 

B I I I . 1 . 2  Minimum v e n t i l a t i o n  

According to SBN, dwellings are to be equipped with ventilation 

installations which permit continual air change (in addition to 

forced flow) of at least 0.35 11s m2 of dwelling area in the entire 

apartment. In terms of normal ceiling height, 240-250 cm in Sweden, 

this is approximately 0.5 air changes per hour. The lowest design 

airflows from different types of rooms (e.g. kitchen, bathroom, w.c.) 

are tabulated in Chapter A5. 

In addition, ventilation shall ensure that sanitary problems do not 

arise as a result of excessive concentrations of injurious or 

obnoxious gases. 



The annua l  mean c o n c e n t r a t i o n  of  radon decay p r o d u c t s  must no t  exceed 
3 70 Bq/m i n  a r e a s  c o n t i n u a l l y  occupied by people .  

Demands f o r  a i r t i g h t n e s s  have meant t h a t  a l l  new mul t i - f ami ly  housing 

and n e a r l y  a l l  new s i n g l e - f a m i l y  d w e l l i n g s  have mechanical  v e n t i l a t i o n  

t o  f u l f i l 1  t h e  requ i rements  f o r  minimum v e n t i l a t i o n  and a i r  q u a l i t y .  

B I I I . l  . 3  Heat transfer 

The h i g h e s t  p e r m i s s i b l e  k-values (U-values) f o r  d i f f e r e n t  b u i l d i n g  

s e c t i o n s  a r e  i l l u s t r a t e d  i n  T a b l e  BIII.2. The requ i rements  a r e  a l s o  

d i f f e r e n t i a t e d  w i t h  r e s p e c t  t o  t empera tu re  zones ,  s e e  F i g u r e  BIII.2. 

D e v i a t i o n  from t h e  r e g u l a t i o n s  a r e  p e r m i t t e d  i f  t h e  t o t a l  h e a t  

r a d i a t i o n  from t h e  b u i l d i n g  does  not  i n c r e a s e .  The v a l u e s  i n  columns 

3 and 4 i n  t h e  t a b l e  must n o t  be exceeded however. T h i s  means t h a t  i f  

'\ 

ZONE I 

Figure 3111.2. 

Temperature zones. 



Ze 8111.2. PrescriSed maximtan va lues  for c o e f f i c i e n t  o f  heat 
t r a m  f e r  (k-va lue ,  w/m2 O C )  for hu i  ld'ing par Ls for 
rooms t o  be heated t o  more thax +ldoc. 

-- 
S o m a l  v u l u r  L i m i t i n n  v a l u e  

B u i l d i n g  s e c t i o n  

Trmpr r scu re  zones  Temperature  r o n r s  
a s  p e r  r i g u r e  a s  pe r  F i ~ l l r r  
BJTI.2 BI I I .2  

Wall exposed t o  o u t d o o r s  o r  t h r u l ~ g h  e a r t h  
t o  o u t d o o r s  

Roof wi thou t  roof j o i s t  t ~ t r l ~ r t u r e  o r  roof 
j o i s t  s t r u c t u r e  w i t h  roof  

F l o o r  j o i s t  s t r u c t u r e  exposrd t o  o u t d o o r s  

F l o o r  j o i s t  s t r u c t u r e  nbove ou tdoor  a i r  
v e n t i  l aced  c rawl  s p a c e 1 )  

F l o o r  on &round 

Windows end d o o r s  c.xposed t o  o u t d o o r s :  
ung loz rd  s e c t i o n  o f  door  ( i n c l .  f r n m r ) "  

Windows p l u s  dour  g l a z i n g  ( i n c l .  f rame 
and c a # e m e n t ) l J  

Wnlls and jo iqL q t r u c t u r e s  a d j a c e n t  t o  
s t o r e s  i n  c e l l a r s  nnd o r h r r  dress t o  be 
hea t ed  t o  between +looc and 0% 

Wnlls end j o i s t  y t r u c t u r e n  a d j a c e n t  t o  
s t a i r  w e l l s ,  rooms i n  c e l l a r s  dnd o t h e r  
a r e a s  t o  be hea t ed  t o  br twecn +18"C and 
+lonc 

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

by a n o t h e r  p a r t  having b e t t e r  i n s u l a t i o n .  

The t o t a l  window a r e a  of a  b u i l d i n g  must not  exceed 15 pe r  c e n t  o f  

t h e  d i f f e r e n t  f l o o r s '  a r e a  p l u s  a n  a d d i t i o n a l  maximum o f  3 p e r  c e n t  

of  t h e i r  i n n e r  a r e a ,  s e e  F i g u r e  BII I .3 .  

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

c o e f f i c i e n t  f o r  d i f f e r e n t  b u i l d i n g  s e c t i o n s  ( f o r  example, t imber  



Outer  wal l  In which 
a window is not  
permitted 

Figure  BIII.3. ExainpZe o f  calcuZation of permissihZe window area. 
I f  t he  length  o f  t h e  house i s  4 0  m, 2nd i t s  width 
1 5  m ,  t h e  window area is: 

2 O . l S ( 4 U .  16 + 5 .  ,5) + 0.0.3 5 35 = 69 m per f loor .  

f r a m e s  i n  m i n e r a l  wool l a y e r s )  h a s  been d e a l t  w i t h  i n  C h a p t e r  A 7 .  I n  

t h e  comments on SBN, t h e r e  a r e  s p e c i a l  r e g u l a t i o n s  o n  how c o l d  b r i d g e s  

a r e  t o  b e  t r e a t e d  a t  d i f f e r e n t  j o i n t s ,  e . g .  j o i s t  e d g e s ,  b a l c o n i e s ,  

e x t e r n a l  c o r n e r s .  

B11 I .2 CLIM4T IC CHARACTERISTICS OF SWEDEN 

E x t e n d i n g ,  a p p r .  be tween l a t i t u d e s  5 5 ' ~  and 6 8 ' ~  Sweden e x h i b i t s  an  

u n u s u a l l y  wide r a n g e  o f  c l i m a t i c  c o n d i t i o n s  a s  compared w i t h  most  

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

w i t h i n  t h e  c o u n t r y ,  Sweden may l a r g e l y  b e  compared w i t h  Canada,  w i t h  

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

A rough compar i son  o f  c o n d i t i o n s  i n  c o r r e s p o n d i n g  p a r t s  of t h e  
0 

n o r t h e r n  hemispehe re  o f  m e a n . t e m p e r a t u r e s  i n  J a n u a r y  a l o n g  60  N i s  

g i v e n  by T a b l e  B I I I . 3 .  

a I . .  fior titerr, hmisphere  mean temperiaturc?s i n  January alovrg 
l a t i t u d e  E O O N .  

N o r t h e r n  Canada 
Green land  
N o r t h e r n  Europe 

0s l 0  
Bergen 
Stockholm 
H e l s i n k i  
Len ing rad  

S i b e r i a  



Annual mean t e m p e r a t u r e s  i n  Sweden range from - 2 ' ~  t o  + ~ O C  wi th  

s t r o n g  r e g i o n a l  d i f f e r e n c e s  d u r i n g  w i n t e r ,  weak d u r i n g  summer. 

F i g u r e  B I I I . 4  shows t h e  r e g i o n a l  v a r i a t i o n  i n  Sweden o f  LUT 50, i . e .  

50 h o u r s / y e a r  f a l l i n g  below g i v e n  t e m p e r a t u r e s .  Temperature zones f o r  

maximum k - v a l u e s  accord ing  t o  t h e  Bui ld ing  R e g u l a t i o n s  were e a r l i e r  

g iven  i n  F i g u r e  B I I I . 2 .  

Annual p e r c i p i t a t i o n  ranges  from (400 mm t o  > l 0 0 0  mm. 

Average r e l a t i v e  h u m i d i t i e s  a r e  lowest  i n  May (60-70 p e r  c e n t )  and 

h i g h e s t  i n  December (86-90 p e r  c e n t ) .  

The number of c l e a r  dayslmonth i s  4-8 i n  s p r i n g  and 1-6 i n  w i n t e r ,  

t h e  lowest  numbers found a l o n g  t h e  c o a s t s  of s o u t h e r n  Sweden. 

Corresponding d a t a  f o r  c loudy days  a r e  6-15 d u r i n g  summer months w i t h  

h i g h e s t  numbers i n  n o r t h e r n  p a r t s ,  12-23 d u r i n g  w i n t e r  w i t h  h i g h e s t  

numbers i n  s o u t h e r n  p a r t s .  

Temperatures ,  a i r  humidi ty  and windspeeds a t  f i v e  d i f f e r e n t  p l a c e s  i n  

Sweden a r e  shown i n  F i g u r e  B I I I . 5 .  The background t o  t h e  p l o t s  i s  

d e s c r i b e d  i n  Chapter  A6. 

I n  a  v e r y  broad s e n s e  t h e  c o u n t r y  may be d i v i d e d ,  w i t h  r e s p e c t  t o  

p r e c o n d i t i o n s  f o r  h e a t i n g  r e q u i r e m e n t s ,  a s  fo l lows :  

a  1 C o a s t a l  a r e a s  s o u t h  of l a t .  5 9 ' ~  (e .g .  Halmstad) .  

Predominant ly  mar i t ime  c l i m a t e .  Along t h e  west c o a s t  
modera te ly  s e v e r e  exposure  t o  S-W winds and r a i n f a l l  d u r i n g  
t h e  w i n t e r  h a l f  y e a r .  

In land  a r e a s  s o u t h  of l a t  . 5 9 ' ~  ( e  .g .  V i i s t e r b ) .  

Moderate ly  c o n t i n e n t a l  c l i m a t e ,  w i n t e r  t empera tu res  
s i g n i f i c a n t l y  lower t h a n  i n  a ) .  Wind exposure  g e n e r a l l y  weak, 
moderate  p r e c i p i t a t i o n .  

c  > C o a s t a l  a r e a s  n o r t h  of l a t .  5 9 ' ~  ( e . g .  Stockholm, S u n d s v a l l ,  ' 

~ u l e 3 ) .  

Moderate mar i t ime  i n f l u e n c e  w i t h  l e s s  extreme w i n t e r  
t e m p e r a t u r e s  t h a n  i n  d ) .  Exposure t o  c o l d  N-E winds .  Moderate 
exposure  t o  r a i n  w i t h  E-S winds .  

In land  a r e a s  n o r t h  of l a t .  5 0 ' ~ .  

C o n t i n e n t a l  c l i m a t e  w i t h  co ld  o r  v e r y  c o l d  w i n t e r s .  
R e l a t i v e l y  low monthly p r e c i p i t a t i o n  except  i n  mounta ins .  
Topographical  e f f e c t s  on t empera tu re  s t r o n g l y  pronounced 
( c o l d  v a l l e y s )  d u r i n g  w i n t e r .  Winds g e n e r a l l y  weak, ve ry  
h i g h  f r e q u e n c i e s  (30-50 p e r  c e n t )  of  calm i n  v a l l e y s  d u r i n g  
w i n t e r .  



Figure BiII. 4 .  

D i f f e ren t  c l i m a t i c  zones i n  
Sweden and LUT ,50 e.g. t he  
50 h o w s  per year f a l l i n g  
below given temperatures.  
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Figure BII I .5 .  Terrperature, wet buZS temperature and wind speed a t  
fitce d i f f e r e n t  places i n  Sweden. (Yormal monthly 
values. ) 



B1 I I .3  BUILDING DESIGN SOLUTIONS 

B I I I . 3 . 1  External  wal ls  

T  IMBER WALLS 

By t r a d i t i o n ,  e x t e r n a l  w a l l s  w i t h  a  t imber  frame c o n s t r u c t i o n  a r e  

q u i t e  c o m o n  i n  Sweden bo th  i n  s i n g l e - f a m i l y  d w e l l i n g s  and i n  d i v i d i n g  

w a l l s  i n  mul t i - f ami ly  hous ing .  The b a s i c  d e s i g n  i s  i l l u s t r a t e d  i n  

F i g u r e  B I I I . 6 .  The c h o i c e  o f  f a c a d e  c l a d d i n g  i s  o p t i o n a l  t o  a  c e r t a i n  

e x t e n t .  Br ick  o r  t imber  a r e  c o m o n  i n  s i n g l e - f a m i l y  d w e l l i n g s  whereas 

t imber  o r  me ta l  c l a d d i n g  i s  used on mul t i - f ami ly  hous ing .  S h e e t s  of  

t imber  m a t e r i a l  o r  p l a s t e r b o a r d  a r e  o f t e n  used a s  a  wind b a r r i e r .  

Paper i s  sometimes u s e d .  Minera l  wool i s  t h e  domina t ing  i n s u l a t i n g  

m a t e r i a l .  P o l y e t h y l e n e  f i l m  i s  o f t e n  used a s  a n  a i r f v a p o u r  b a r r i e r  

i n  c o n j u n c t i o n  w i t h  a n  i n n e r  c l a d d i n g  of p a r t i c l e  board o r  

p l a s t e r b o a r d .  For  t h e  d e s i g n  t o  be a s  s imple  a s  p o s s i b l e  and c o r r e c t ,  

i t  i s  impor tan t  f o r  t h e  frame t i m b e r s  t o  be p o s i t i o n e d  c o r r e c t l y  s o  

t h a t  s t a n d a r d  format s h e e t s  of i n s u l a t i o n  and c l a d d i n g  can  be 

accomodated a s  f a r  a s  p o s s i b l e .  

T h i s  t y p e  o f  wa l l  i s  s u i t a b l e  f o r  bo th  o n - s i t e  and f a c t o r y  p r o d u c t i o n .  

Facade c l add l ng 
A i r  space 
Wind protection 
Mineral wool (1 or 2 layers 
between vertical framework 
members, 600 mm centre-to 
centre 
Vapour barrierlair sea l Figure BIII. 6 .  
In ternal  covering 

The basic des ign  for a 
wooden-framed waZ 1. 

C u r r e n t  demands f o r  the rmal  i n s u l a t i o n  o f t e n  mean t h a t  i n s u l a t i o n  

t h i c k n e s s e s  o f t e n  exceed 150 mm. Up t o  t h i s  t h i c k n e s s ,  a  s i n g l e  frame 

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

But c e r t a i n  d i f f i c u l t i e s  may a r i s e  i n  g e t t i n g  a  s a t i s f a c t o r y  r e s u l t  

u s i n g  a  s i n g l e  l a y e r  o f  t h i s  t h i c k n e s s  - a i r  gaps occur  e a s i l y  

a d j a c e n t  t o  frame t i m b e r s .  Thus t h e  u s e  of  s e v e r a l  l a y e r s  of 

i n s u l a t i o n  i s  becoming more common. S e v e r a l  v a r i a t i o n s  of w a l l  

s t r u c t u r e s  a r e  i l l u s t r a t e d  i n  F i g u r e  B I I I .  7 .  



a )  In ternal  load-bearing b )  Ia ternal  load-bearir i  ve r  t i c a  l 
v e r t i c a l  framework w i t h  framework a-nd eccternal r n i ~ e r a l  
ex ternal  hor isonta l  wool i n s u k t i o n  w i th  a wird 
framework pro tec t ion  glued on  

Exterral  uer  t i c a l  load-bearing framework and i n t e r n a l  horizonta l 
framework ( t h e  p o s i t i o n i r ~  o f  t h e  air/uapour b a r r i e r  d i f f e r e n t i a t e s  
t h e  two methods) 

Figure BIII. 7 .  External wa l l s  w i t h  two i n s u l a t i o n  layer s .  Normally 
t h e  t o t a l  i n s u l a t i o n  t h i c k n e s ~  for these  t ypes  o f  
wa l l s  i n  a e d e n  i s  1 4 5  or  165 m. 

When w a l l s  a r e  c o n s t r u c t e d  w i t h  a  h o r i z o n t a l  frame i t  cou ld  permit  

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

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

BI I I .7d .  Holes can  a lmost  comple te ly  be avoided and t h u s  t h e  

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

Mois tu re  c o n s i d e r a t i o n s  mean however t h a t  t h e r e  must be s u f f i c i e n t  

i n s u l a t i o n  o u t s i d e  t h e  vapour b a r r i e r .  A t  l e a s t  213  of t h e  t o t a l  

i n s u l a t i o n  t h i c k n e s s  should  be o u t s i d e  t h e  vapour b a r r i e r .  

For even g r e a t e r  i n s u l a t i o n ,  w a l l s  sometimes employ a  t r i p l e  frame 

c o n s t r u c t i o n  w i t h  a  t r i p l e  l a y e r  of i n s u l a t i o n .  A s  an  a l t e r n a t i v e ,  



s e v e r a l  new t imber  frame d e s i g n s  have been developed which a l l o w  t h e  

i n s u l a t i o n  t h i c k n e s s  t o  be s i g n i f i c a n t l y  i n c r e a s e d  wi thout  t h e  

q u a n t i t y  of t imber needing t o  be i n c r e a s e d .  These d e s i g n s  a l s o  reduce  

t h e  thermal b r i d g i n g  e f f e c t  o f  t imber  s t u d s .  Examples of t h e  

p r i n c i p l e s  of such l i g h t  frame d e s i g n s  a r e  i l l u s t r a t e d  i n  F i g u r e  

BII I .8 .  

Frame t imber7 

L P a r t i c l e  board 

Frame t im ber --, 

L P a r t ~ c l e  board L M ~ n e r a l  wool 

&--Sheet metal -A 

a )  "The Masonite beam" i s  constructed 
o f  two frame timbers, approx. 
4 5  X 4 5  mm, which are joined 
together wi th  par t ic le  board. 
Jointing i s  achieved by glueing 
and pressing according t o  a 
special ly  developed m e t b d .  

b )  In  t h i s  construction,  two t h i n  
frame timbers are joined m t h  two 
t h i n  part ic le  boards wi th  mineral 
wool between. 

cl  This  construction employs galvanised 
steeZ sheeting instead of frame 
timbers. 

L P a r t i c l e  boord L Mineral wool 

Figure BIII.8. &amples of l i g h t  frame constructions used i n  wZZs 
with th ick  insulat ion.  

The l i g h t  frame s t r u c t u r e s  a r e  i n t e r e s t i n g  from an  economical a s p e c t  

a t  i n s u l a t i o n s  t h i c k n e s s e s  of 200 m and upwards.  Compared w i t h  

homogeneous t imber  frames t h e y  have t h e  advantage t h a t  t h e y  a r e  

s t r a i g h t e r  and l e s s  s e n s i t i v e  t o  m o i s t u r e  movement. 

CELLULAR CONCRETE WALLS 

C e l l u l a r  c o n c r e t e  w a l l s  a r e  used p r i m a r i l y  a s  d i v i d i n g  w a l l s  i n  m u l t i -  

f ami ly  hous ing .  The r e a s o n  f o r  t h i s  i s  t h e  requirement  f o r  a 

p l a s t e r e d  f a c a d e  and an  uncomplicated w a l l .  Two t y p e s  of c e l l u l a r  

c o n c r e t e  w a l l  a r e  used,  sandwich s t r u c t u r e s  known a s  l i g h t w e i g h t  

e lements  and homogeneous c e l l u l a r  c o n c r e t e  i n  e lements  o r  b l o c k s .  See 

F i g u r e  B I I I . 9 .  Aerated c o n c r e t e  e lements  a r e  manufactured t o  s u i t  t h e  



a )  CelZuZar concrete  "Lightwetgizt element" 

3-layer sur face  p las ter ing  o r  prefabricated 
facade 

70 c e l l u l a r  concrete ,  q u a l i t y  groicp 500 
160 polystgrene pZast ic ,  y 1 5  kg/m3 
7 0  cel luZar concrete ,  q u a l i t y  group 500 
i n t e rna l  p las t e r ing  

b )  Iiomogeneous c e l l u l a r  coxcre te  b locks  

3-layer surface p las ter ing  ou t s ide  
. . 350 homogeneous c e l l u l a r  concrete  

. , .  . 
- . ,  

p las t e r  + surface treatment  
, . . . . .  . . 
. . .  . . .  

. . . . .  . . 
- . .  . ' .  . .  . . . .  . . 

. . .  2 0 
. '  - . . . .  ic - 0 . 3  V/m C 

Figure BIII.9. ExampZes o f  t ypes  o f  celZuZar concre te  w a l l s .  

h e i g h t  of apa r tments  and 300 mm o r  600 mm wide e l e m e n t s .  Assembly i s  

f a c i l i t a t e d  by t h e  u s e  of a  b u i l d i n g  c r a n e .  S e a l i n g  between e lements  

i s  done by j o i n t i n g  w i t h  easy-f lowing cement i n  s p e c i a l  j o i n t  c h a n n e l s .  

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

b u i l d i n g s  made o f  t h e  m a t e r i a l  a r e  o f t e n  v e r y  a i r t i g h t .  Among t h e  

advan tages  of c e l l u l a r  c o n c r e t e  w a l l s  i s  t h a t  e l e c t r i c a l  i n s t a l l a t i o n s  

c a n  be i n c o r p o r a t e d  i n  t h e  w a l l s  wi thou t  r i s k i n g  t h e  l o s s  of  

a i r t i g h t n e s s .  

CONCRETE WALLS 

Sandwich w a l l s  of  c o n c r e t e  a r e  s i m i l a r  i n  c o n s t r u c t i o n  t o  l i g h t w e i g h t  

element w a l l s .  They a r e  used t o  a  r e l a t i v e l y  smal l  e x t e n t  i n  

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

m u l t i - f a m i l y  hous ing .  The g a b l e  w a l l  i s  o f t e n  made up of  a  sandwich 

s t r u c t u r e  a s  shown i n  F i g u r e  B I I I . 1 0 .  Concre te  w a l l s  a r e  a i r t i g h t  

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

c a s t  mould b a r s  a r e  s e a l e d .  



Br ~ c k w o r k  

Air gop 
W ~ n d  barrr er 

M ~ n e r o  l woo l  

Concrete 

Figure BIII. 1 0 .  Example o f  a gable external wall  o f  load-bearing 
c o , w r e t e  i n  m l t i - j i n n i l y  housing with brickwork 
facade. 

B I I I . 3 . 2  Details for multi-family housing 

A common method of b u i l d i n g  mul t i - f ami ly  housing i n  Sweden i s  t o  u s e  

c o n c r e t e  f o r  load-bear ing w a l l s  and j o i s t s  a s  i l l u s t r a t e d  i n  F i g u r e  

B I I I .  11. Gable w a l l s  of  c o n c r e t e  w i t h  e x t e r n a l  i n s u l a t i o n  a r e  f i t t e d  

w i t h  a  f a c a d e  l a y e r  - o f t e n  b r i ckwork .  

L o n g i t u d i n a l  f a c a d e s  a r e  made of  l i g h t  c u r t a i n  w a l l s  whose prime 

f u n c t i o n  i s  a  c l i m a t e  b a r r i e r .  These a r e  normal ly  p r e f a b r i c a t e d .  The 

problem of a c h i e v i n g  an a i r t i g h t  s t r u c t u r e  on s i t e  i s  p r i m a r i l y  

c o n c e n t r a t e d  a t  t h e  j o i n t s  around t h e  edges of  c u r t a i n  w a l l s  and a t  

windows and d o o r s  b u i l t  i n t o  t h e  w a l l s .  

F i g u r e  B I I I . 1 2  shows j o i n t s  i n  l i g h t w e i g h t  e l ements  f o r  i n t e r m e d i a t e  

and roof  j o i s t  s t r u c t u r e s  and n e x t  t o  windows. F i g u r e  B I I I . 1 3  shows 

a n  i n t e r m e d i a t e  j o i s t  s t r u c t u r e  j o i n t  a t  an  i n f i l l  w a l l  o f  t imber .  

Inadequa te  a i r t i g h t n e s s  i n  t h e  i n t e r m e d i a t e  j o i s t  s t r u c t u r e  j o i n t  

t o g e t h e r  w i t h  t h e  c o l d  b r i d g e  e f f e c t  can g i v e  r i s e  t o  d i s c o m f o r t  f o r  

t h o s e  occupying t h e  d w e l l i n g .  A i r t i g h t e n i n g  must t h e r e f o r e  be c a r r i e d  

o u t  c a r e f u l l y  and must be we l l  p repared  on d rawings .  The i n t e r m e d i a t e  

j o i s t  s t r u c t u r e ' s  c o n n e c t i o n  t o  t h e  g a b l e  w a l l  w i t h  a  brickwork 

f a c a d e  i s  i l l u s t r a t e d  i n  F i g u r e  BI I I .14 .  

The j o i n t i n g  of i n t e r n a l  load-bear ing  w a l l s  t o  e x t e r n a l  w a l l s  i s  

i l l u s t r a t e d  i n  F i g u r e  B I I I . 1 5 .  The f i g u r e  shows a  p l a n  of j o i n t s  f o r  

two d i f f e r e n t  t y p e s  of e x t e r n a l  w a l l s .  

A f u r t h e r  s e n s i t i v e  i t em a t  i n t e r m e d i a t e  j o i s t  s t r u c t u r e s  i s  where 

c o n c r e t e  s l a b s  extend ou twards ,  f o r  example a t  b a l c o n i e s .  A c o n f l i c t  



U I .  1 .  Tjze framework p r i m i i u l c  i?i a m l t i - f i m i  Zg d~)eLZi i?g .  
'Jer t i ca  7, t x m i  hori::ontn l load-hearin:: francs m e  made 
of n c o m r e t e  structure. C ~ Z P  w Z Z n  are i n s u k t e d  
cxterrxzlly rc?-d h m e  fczcnc!e c o ~ e r i n g .  Other e x t e r m 2  

. . 
1,,(1 L7 , j .  c; f t r n  .r:ns'i U? L,i:~ht~t?2'!~327: C ~ ( Y L C L Z  L I G L Z S .  

a r i s e s  between l o a d - b e a r i n g  and t h e r m a l  i n s u l a t i o n  f u n c t i o n  a t  t h i s  

l o c a t i o n .  F i g u r e  B I I I . 1 6  shows examples o f  s o l u t i o n s  f o r  two d i f f e r e n t  

t y p e s  o f  e x t e r n a l  w a l l s .  



w ~ t h  windbarr ier paper 

W~ndbar r ie r  (e.g. 
plasterboard)- 
TI m ber panel - 

Plan of 

Mlneral  
Bottomi 
Mast IC 

window j u n c t ~ o n  

wool packing 
ng  s t r ip  

3 -  layer sur face p laster ing 
70 ce l lu la r  concrete 
160 polystyrene 
70 ce l lu la r  concrete 
Plaster 

Polyurethane foam 

Concrete floor 
Mineral wool 

Figure BIII. 12 .  

External wall construction 
of  ce ZZuZar concrete e lements 
with jo in t s  against j o i s t  
s t ructures ,  windows and 
intermediate j o i s t  s t ructures .  
Concrete and c e l l u l a r  concrete 
i s  i n  i t s e l f  s u f f i c i e n t l y  
a i r t i g h t .  



Plan of wrndow junc t ron  

T ~ r n b e r  panel 
20 arr space 
50 minera l  woo l  by = SO - 6 0  kg  /m 3 

w ~ n d b a r r ~ e r  paper 

150 mineral  woo l  g =  2 0 -  30 k g l m  3 

between studs 

I 0.2 p o l y e t h y l e n e  f ~ l m  

13 p las terboard  

packing 

I P 

Figure BIII. 13. FxtermZ mZZ made up o f  5imbcr a r t a i r ,  e l m e n t s  
u i t h  j o i n t s  agains t  j o i s t  s t m c t u r e s  awl u i d o w s .  
I t  i s  part icuZarly  importans t k a t  t h c  a i r  aeal 
a r o u ~ d  wirdows i s  posi t ioned GO t h a t  t i g h t n e s s  
agains t  t h e  po Zyethy Zene fi Zm i s  achieved. 



(120 b r i ck  facode 

Mineral wool packin . ; g . .  . '  , . 
prevent  the  spread o ' , . . , 4  . , J  . .  

2 x 7 0  m i n e r a l  wool 

Mineral wool  packing 
4 .  . .  . Bottoming s t r i p  

.- M a s t i c  

Figure BIII.14. The joint  between a gable external  wall o f  load- 
bearing concrete and an intermediate jo i s t  s t ructure .  
Airt ightness i s  achieved w ~ t h  mineral woo2 s t r i p s  
and in ternal  m s t i c .  From an insu la t ion  aspect,  the 
fuZ1 thickness o f  mineral woo2 unhouZd be opposite 
the j o i s t  s t ructure .  



M i n e r a l  wool  packing 

13 plasterboard 
L5 m i n e r a l  woo l b e t  w e  en 
1L5 m i n e r a l  wool  be tween  
0 . 2  p o l y e t h y l e n e  f ~ l m  

studs 
studs 

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

r e t e  e l e m e n t  

Figure BI I I .15 .  Plan o f  j o in t  bemeen  load-bearing i n t e r n a l  wall  and 
two d i f f e r e n t  t y p e s  o f  c u r t a i n  mll. Join t  sea l ing  
employs i n t e r n a l  mast ic  w i t h  mineral wool. The 
l a t t e r  comprises t h e  ac tual  airtightnet38 and should 
be posi t ioned 80 t h a t  a i r t i g h t n e s s  i s  achieved 
agains t  t h e  polyethylene f i lm  i n  t h e  ac tual  wall  
e lement .  Polyurethane foam i s  used t o  seal  agains t  
concrete  elements .  



foam 

M i n e r a l  w o o l  packing 
, i  p 

Figure BIII. 16.  Joints  i n  two d i f f e r en t  external wall constructions 
against j o i s t  s tructures a t  balconies. Bearing i n  
mind tha t ,  for s t r u c ~ h r a l  reasons, i t  may be 
necessary to reduce the i n s u k t i o n  thickness between 
the  edge o f  the j o i s t  s tructure and the  balcony, i t  
i s  particularly important that the  cold bridge 
e f f e c t  i s  not amplified by a i r  leakage. Airtightening 
must therefore be carried out care fu l l y .  The 
example shows two d i f f e r en t  ways of achieving 
a i r t igh tness  - polyurethane foam and mastic 
respectiueZy. 



BIII.3.3 Single-family dwellings 

The m a j o r i t y  of s i n g l e - f a m i l y  d w e l l i n g s  c u r r e n t l y  c o n s t r u c t e d  i n  

Sweden u s e  t imber  i n  t h e  s u p p o r t i n g  s t r u c t u r e .  A smal l  number o f  

houses  a r e  b u i l t  of  o t h e r  m a t e r i a l s  - p r i m a r i l y  l i g h t w e i g h t  c e l l u l a r  

c o n c r e t e .  S ing le - fami ly  d w e l l i n g s  a r e  b u i l t  i n  s e v e r a l  d i f f e r e n t  ways: 

detached houses ,  t e r r a c e d  h o u s e s ,  l i n k e d  houses  o r  p a t i o  houses .  

Detached houses  a r e  o f t e n  b u i l t  a s  u n i t s  u s i n g  a l a r g e  p r o p o r t i o n  of  

p r e f a b r i c a t e d  e lements .  Brickwork i s  o f t e n  used a s  f a c a d e  m a t e r i a l .  

Other  house t y p e s  a r e  u s u a l l y  b u i l t  i n  groups  u s i n g  t imber  a s  t h e  

pr imary f a c a d e  m a t e r i a l .  

The f o l l o w i n g  shows examples o f  b o t h  de tached  and non-detached 

housing c o n s t r u c t e d  o f  bo th  t imber  and l i g h t w e i g h t  c o n c r e t e .  There 

a r e  a l s o  examples of d e s i g n  s o l u t i o n s  which a r e  assumed t o  comply 

w i t h  t h e  p a r t i c u l a r  r equ i rements  demanded a s  o f  1 January  1983 f o r  

houses  hea ted  d i r e c t l y  by e l e c t r i c i t y .  

The examples shown a r e  common s i n g l e - f a m i l y  d w e l l i n g s  i n  Sweden i n  

1982. A l a r g e  p r o p o r t i o n  of t h e  houses  a r e  thermographed and p r e s s u r e  

t e s t e d  t o  check a i r t i g h t n e s s  and t h e  s t a t e  of the rmal  i n s u l a t i o n .  

DESIGN FOR SITE-BUILT DETACHED HOUSES 

T h i s  c o n s t r u c t i o n  i s  a n  example of  a s t a n d a r d  d e s i g n  produced and 

a p p l i e d  by Svenska Riksbyggen - one o f  Sweden's l a r g e s t  hous ing  

cus tomers .  T h i s  house  type  i s  v e r y  common - i t  i s  known a s  a  1 112- 

f l o o r  house.  

When deve lop ing  s o l u t i o n s ,  e x p e r i e n c e  ga ined  from b u i l d i n g  h a s  been 

noted c o n t i n u a l l y  s o  t h a t  t h e  s o l u t i o n s  become a s  s imple  a s  p o s s i b l e  

wi thou t  j e o p a r d i z i n g  f u n c t i o n .  A p r i n c i p l e  drawing shows a summary 

of  t h e  c o n s t r u c t i o n ' s  makeup ( F i g u r e  B I I I . 1 7 ) .  An assembly diagram 

shows where t h e  a i r t i g h t e n i n g  p o l y e t h y l e n e  f i l m  may be  j o i n t e d .  J o i n t s  

a r e  n o t  p e r m i t t e d  e l sewhere .  The way i n  which j o i n t s  and j u n c t i o n s  

a r e  t o  be  made i s  shown on a l a r g e  number of  d e t a i l  drawings  ( F i g u r e s  

BI I I .18-BI I I .25) .  



A21 design d e t a i l s  should be shown on drawings - the  majority i n  a 
format sui table  for use on s i t e  

Jo in t i ng  plast ic 
f i lm  

Figure BIII. 17.  

Standard for f i t t i n g  polyethylene film according to  Svenska Riksbyggen. 
The f i lm used shall  comply wi th  the  requirements o f  t h e  Swedish 
Plas t ics  Federation, Verksnonn 2000. Polyethy Zene fabric i n  j o i s t  
s t ructures  must withstand accidental foot pressure i n  accordance wi th  
Memorandum 1976:15 issued by the  National Swedish Board of Ocoupational 
Safety and Health. 

I f  the film i s  damaged, small holes may be repaired wi th  tape whereas 
the  film must be replaced i f  there are lurge holes.  The Zatter must 
be o f  a format which permits cZraping a l l  round against  t h e  r e s t  o f  
the  film. 

Unless otherwise stated i n  the  building descr ip t ion,  the  building contractor 
i s  responsible for sa t i s fac tory  sealing of serv ices  openings and holes. 

Details A - G are shown i n  Figures BIII .18-24.  



I ,r Polyethylene f i lm  
Floor ' S  polyethylene f i l m  i s  
to overlap t h e  w a l l ' s  by a t  
l e a s t  200 mm 

a )  Thermal i n s u l a t i o n  above concrete  s l a b  

,r Polyethylene f i l m  
-Moisture insu la -  

t l o n  and f loor 

The wall  ' S  f i l m  i s  tacked t o  
t he  m22 whi le  t he  f loor  ' B  

moisture i n s u l a t i o n  i s  being 
appl ied .  The f i l m  i s  t h e n  
cut o f f  and folded down so 
t h a t  it overlaps t h e  f loor ' S  

moisture i n s u h t i o n  by 15-20 
mm 

b )  Thermal i n s u l a t i o n  below t h e  concrete  e lab  

Figure BIII.18. Detai l  A - Jo in t  betueen ex t e rna l  wall/ground 
cons t ruc t ion  ( f l o o r  a t  ground l eve l . ) .  



Polyethylene f i lm 

. . ; " .  . . .  ' . .  

Z 

A polyethylene fiZm, a t  l e a s t  600 m wide i s  la id  under the mll. 
the  r e s t  o f  the  floor film must overlap t h i s  as  s h o m  i n  d e t a i l  

I t  i s  very important for timber battens not t o  be i n  d i r e c t  contact 
wi th  the  foundation plate bearing i n  mind the r i s k  o f  moisture 
damage 

a )  Thermal insu la t ion  below concrete slab 

Polyethylene f i  
1 - -1  1 1 1 M ~ i s t u r e  ~ n s u h t i o n  

[ Floor covsrlng 

A polyethylene film i s  placed under the  wall .  This  film i s  tacked 
onto the  wall while the f loor 's  moisture insu la t ion  i s  applied (e .g .  
painting with primer). The moisture insu la t ion  i s  t o  be applied up 
t o  the  wall. The foZded-up film i s  trinuned o f f  so that, a f t e r  folding 
down, it overlaps t h e  f loor 's  moisture insu la t ion  by 15-20 m 

b )  Thermal insu la t ion  below t h e  concrete slab and floor covering 
( p l a s t i c  matting for example) d i r e c t l y  above the concrete 

Figure  BIII. 19.  Detail B - Joint  be tveen load-bearing inner wall 
- floor construction.  



Polyethlene f i lm 

The polyethylene film i s  carej%ZZy f i t t e d  against the  seal around the 
window frame. The jo in t s  a t  the  window splay are taped as  shown i n  
the  figure t o  the  r igh t  

The window should be positioned an near to the ins ide  as possible so 
th t  a i r t igh tness  between the  frame and m22 i s  i n  t h e  same plane as 
t h e  a i r t igh tness  - f i lm - i n  t h e  wall .  In trtis way, the  r i s k  o f  
leakage a t  t h e  corners i s  reduced 

Figure B I I I . 2 0 .  Detail C - J o i n t  between outer m22 -window. 

L ~ o ~ y e t h y l e n e  fabric P Polyethylene f i l m  

The joint ing o f  the polyethylene f i lm i n  t h e  wall against the  f i h  
and fabric i n  the  roof i s  made by overlapping which i s  clamped i n  
posi t ion  when t h e  in ternal  board i 8  f i t t e d  

Figme BIII .  21. Detail D - Joint  between outer wall - roo f .  



This i s  the  most d i f f i c u l t  d e t a i l  t o  make a i r t i g h t  i n  t h i s  type o f  
house. In  t h e  example, the load-bearing floor j o i s t s  are al ternated a t  
t h e  colwnn W Z Z .  I n  t h i s  way, the number o f  j o i s t s  passing the  a i r -  
t ightness  layer i s  reduced while a t  the  same time the  film jo in t s  can 
be pressed together 

The column n z l l ' a  film i s  folded out  over the nogging piece and 
clamped betmeen i t  and the  floor material 

The c e i l i n g ' s  film i s  f i t t e d  and clamped between t h e  nogging piece and 
the  seoondary spaced boarding. I f  the  boarding's pos i t ion  i s  m s u i t a b l e  
for th in ,  an addit ional  batten i s  f i t t e d  for clampirg the film against 
the  nogging piece 

Figure BI I I .22 .  Detail E - Joint  between colwnn wall - 
intermediate j o i s t  s tructure.  



0 2 mm polyethylene f ~ l m  
-0.75 butyl rubber 

sheet ing 
- 3 0  mm mineral wool 

.... - '---l2 mm plywood sheet 
-'-l 3 mm plaster board 

A plywood shee t  i s  at tached under the  roo f  t r u s s e s  and between b a t t e n s  
i n  t h e  s e c t i o n  where the  duc t  i s  t o  pass through. An oval  hole  i s  made 
i n  t h e  plywood sheet  somewhat larger than t h a t  required for the  
passage o f  the  d u c t .  A shee t  o f  b u t y l  rubber i n  which a hole  has been 
made i s  placed on t h e  plywood shee t .  The hole  diameter should be 
approximately 50  mm l e s s  than  t h e  outer  diameter o f  t h e  duc t .  The 
rubber shee t ing  should overlap t h e  polyethylene f i h  by a t  l e a s t  
l00 m 

Considerable work i s  required for a passage o f  t h i s  t ype  t o  have good 
a i r t i g h t n e s s .  I t  i s  t here fore  important t h a t  t h e  number o f  passages 
i s  a s  small a s  poss ib le .  Note that i f  two duc t s  are  posi t ioned 
adjacent  t o  eachother t h a t  it i s  almost impossible  t o  achieve good 
a i r t i g h t n e 8 s  

Figure BIII. 23. Detai l  F - Duct passage through s loping r o o f .  



, , ~ 1 2  mm plywood I 

fabric 
sheet i ng 

A plywood sheet i s  a f f i xed  under the roof t russes  and between 
secondary spaced boarding i n  t h e  sec t ions  where the pipe passages 
are t o  be s i tuated .  A hole somewhut Larger than the  pipe's outer 
diameter i s  made. A sheet o f  butyl  rubber i n  which a hole has 
been made i s  placed on t h e  plywood sheet .  The hoZe diameter 
should be approximately 50 m Less that  t h e  pipe's  outer diameter. 
The rubber sheeting should overlap the  poLyethyZene fabric by a t  
l eas t  100 m 

Refer a lso  t h e  the  coments  under Figure BII I .23  

Figure BIII. 24. Detaii! G - Pipe passage i n  f l a t  roof  s tructure.  



Version l 

r I I 
L ~ o l y e t h y l e n e  f i l m  

Version 2 r Self-adhesive polyethlene f i l m  
wi th punched- out hole 

Version 3 

L ~ a p e  f i lm  

Min. 300 Supplementary 
polyethylene f i lm  

Fi t t ing  polyethylene film around an e l e c t r i c a l  socket can be carried 
out  i n  one of the three following ways: 

Version 1 

Make a round hole i n  t h e  poZyethylene film opposite the  e l e c t r i c a l  
socket somewhat smaller than the  socket and then s t r e t c h  t h e  f i l m  
over the socket 

Version 2 

Make a hole i n  the  polyethylene f i l m  opposite the e l e c t r i c a l  socket 
and roughly the same diameter as the  socket ' s  outer diameter. The f i h  
i s  then supplemented wi th  a self-adhesive polyethylene f i l m  wi th  
minimwn dimensions 150 X 150 and wi th  a punched hole smaller than the 
socket.  The film i s  then stretched ontc the  e l e c t r i c a l  socket 

Version 3 

Make a hole i n  t h e  polyethylene film opposite the  e l e c t r i c a l  socket 
and roughly t h e  same diameter as  t h e  socket ' s  outer diameter. The f i l m  
i s  then supplemented wi th  a self-adhesive polyethylene film i n  which 
a 50 mm hole had been made. The supplementary f i h  must overlap 
the  w a l l ' s  fiZm by a t  l eas t  300 m a t  t h e  edges which are not clamped 
against a batten.  Tape edges which are not clamped 

Irrespect ive  which version i s  applied, the a i r t igh tness  depends t o  
a considerable degree on t h e  qua l i t y  o f  the  work a t  the  s i t e .  Avoid 
locating e l e c t r i c a l  sockets i n  a t e r n a l  s tructures  

Figure BIII. 25. Sealing around e lec t r i ca l  sockets i n  external  or 
p a r t y  wal ls .  



CONSTRUCTION FOR SITE-BU ILT TERRACED HOUSING 

The fo l lowing  example i s  based on d e s i g n  drawings  from a  b u i l d i n g  

c o n t r a c t o r  ( A B  Folkhem). The c o n s t r u c t i o n s  a r e  t a k e n  from c u r r e n t  

p r o d u c t i o n  and r e f e r  t o  a  2  f l o o r  t e r r a c e  house. The c o n t r a c t o r  h a s  

made u s e  of e x p e r i e n c e  from t h e  Akersberga p r o j e c t  ( s e e  S e c t i o n  A3.2) 

t o  a c h i e v e  optimum a i r t i g h t n e s s  and energy consumption.  The t o t a l  

purchased energy f o r  h e a t i n g ,  h o t  wa te r  and domes t i c  e l e c t r i c i t y  i s  

i n  t h e  range  12-14 MWh/year i n  t h e  Stockholm c l i m a t e .  The 

compara t ive ly  low consumption h a s  been achieved p r i m a r i l y  through 

t h e  f a v o u r a b l e  b u i l d i n g  d e s i g n ,  good the rmal  i n s u l a t i o n ,  c o n s i d e r a b l e  

a i r t i g h t n e s s  and c o n t r o l l e d  v e n t i l a t i o n .  The d e s i g n  o f  t h e  house i s  

shown i n  F i g u r e  B I I I . 2 6 .  F i g u r e s  BIII .27-BIII .34 show a  number o f  

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

i n  t h e s e  houses .  



Entrance facade 

Section 

Garden facade 

Entrance floor 1:st f loor 

Figure BIII.26. EZevations and plans for the terrace house. The 
Ziving area i s  approx. 120 m2. 



The a i r t i g h t n e o s  layer  under the  s i l l  comprises EPDM rubber s t r i p .  This  
has been found t o  be s a t i s f a c t o r y  providing t h e  concrete  i s  even ( s e e  
Chapter A $ ) .  The w a l l ' s  polyethylene f i lm  must be c a r e f u l l y  appl ied C O  
t h e  s i l l ,  a  s t r i n g  of mast ic  can be applied t o  t h e  i n s i d e  o f  the  o i l 2  
be fore  applying t h e  f i h  

Figure BIII. 27 .  Jo in t  ou te r  w a l l  - foundation p la te .  



Clamped overlapp~ng 

Plaster board 

Clamped over lapping 

Secondary spaced boarding 

Continuity i n  the  air/vapour barrier i s  achieved i n  t h i s  example wi th  
a s t r i p  o f  reinforced polyethylene f i l m  which can pass unbroken 
betueen the  intermediate j o i s t  s tructure since the  external wall i n  
the  upper floor i s  displaced outwards i n  r e t a t i o n  t o  the external 
wait on t h e  bottom floor. This s t r i p ,  f i t t e d  when t h e  framework was 
raised, i s  held i n  pos i t ion  beween t h e  j o i s t s  w i th  the  aid o f  a 
nogging piece 

The m 1 1  construction i s  the  same,as i n  Figure BI I I . 27  

Figure BIII. 28. Joint  beween outer m 1 2  (facade wall) - intermediate 
j o i s t  s tructure.  



Polyethylene f i l m  

In  t h i s  case, the  polyethylene film i s  given support b y  the  floor 
j o i s t s  and need not  be reinforced 

(flogging pieces are needed for nail ing t o  secondary spaced boarding) 

Figure BIII. 29. Joint  between outer m21 (gable wal l )  
- intermediate j o i s t  s t ructure .  



Airt ightness a t  the  eaves i s  achieved by overlapping the 
polyethylene film which i s  clamped by the  in terna l  b o a r d i ~ g  on 
timber battens (capping p l a t e ) .  I t  i s  advisable to fold the  fiZm 
down onto the  wall. I t  i s  part icularly important for t h i s  joint  
t o  be a i r t i g h t  since incoming a i r  leakage w i l l  give r i s e  t o  
cold downdraught along external walls .  This can o f t e n  cause 
hygienic discomfort - an amplified sense o f  draught 

Figure BI I I .30 .  Joint  a t  the  eaves. 



I 

Pol e t h y l e n e f i l m  ; 
wit [  clamped 
over lapping - - - -  

The horizontal view of the  jo in t  between external walls  i l l u s t r a t e d  
i n  Figure BIII. 27. An ex tra  bat ten  i s  required i n  the  corner to be 
able t o  a f f i x  boarding 

The polyethylene f i l m  need not rwrmalZy be jointed a t  t h e  corner 

Figuxe BIII. 31 .  Joint  between external waZZs (horizontal  v iew) .  



Polyethylene 
f i lm  

lene f i l m  

- 

Plan 

Polyethylene 
f ~ l m  

Sec t i o  n 

A i r t i gh tnes s  i n  t h e  jo in t  i s  achieved by aZZowing the  polyethylene 
f i lm  t o  pass t h e  gap between t h e  window and the  wall and then  
clamping it Lvith i n t e r n a l  boarding agains t  t he  window. Th i s  s o l u t i o n  
funct ions admirably but  r equ i re s  great  accuracy during i n s t a l l a t i o n  

Figure BIII. 3 2 .  Jo in t  a t  window. 



L Polyethylene f ~ l m  

A polyethylene film s t r i p  is i n s t a l l e d  i n  conjunction with frame 
erect ion against which the  respect ive  wall fi lm i s  jointed. The 
posi t ion  of battens enoures clamped jo in t s  and tha t  the  a ir t ightneso 
layer is continuous 

Figure BIII .33.  Joint  betueen eaternal m22 - load-bearing in ternal  
wall (horizontal  view).  

Roof construction 

Continuity i n  t h e  a i r t igh tness  Zayer i s  achieved i n  t h i s  case as we22 
wi th  a poZyethyZene f i h  s t r i p  which i s  jointed t o  the  poZyethyZene 
film i n  t h e  respect ive  house roof .  By drawing t h i s  s t r i p  down a b i t  on 
t h e  wall,  clumped jo in t s  are possibZe, This f i lm s t r i p  a l s o  prevents 
a ir f low wi th in  the  party W Z Z .  This assumes o f  course tha t  a i r  Leakage 
i s  prevented both a t  facades and a t  g r a n d  l eve l  

Figure BIII.34. Joint  betueen party wall - roof ( v e r t i c a l  view).  



THE CONSTRUCTION OF SINGLE-FAMILY DWELLINGS WITH PARTICULARLY 

LOW ENERGY CONSUMPTION 

A s  of  1983,  houses  which a r e  d i r e c t l y  hea ted  by e l e c t r i c i t y  must be 

p a r t i c u l a r l y  low energy u s e r s .  Demands f o r  thermal  i n s u l a t i o n  w i l l  

become more s t r i n g e n t  and t h e  demand f o r  some form of h e a t  r ecovery  

from v e n t i l a t i o n  a i r  w i l l  b e  i n t r o d u c e d .  The f o l l o w i n g  d e s i g n  example 

shows how a s o l u t i o n  w i t h  g r e a t e r  i n s u l a t i o n  t h i c k n e s s  can  be a p p l i e d .  

What a r e  known a s  Masoni te  beams a r e  used f o r  w a l l ,  roof  and j o i s t  

s t r u c t u r e s .  T h i s  means t h a t  t h e  s t r u c t u r e s  c o n t a i n  a  minimum of c o l d  

b r i d g e s .  The same s p a c i n g  between b a t t e n s  i n  w a l l s  and roof  t r u s s e s  

i s  used ,  i . e .  c-c 1200 mm. T h i s  means t h a t  a r e l a t i v e l y  t h i c k  - 16 mm 

- chipboard w i t h  low formaldehyde c o n t e n t  i s  used a s  i n t e r n a l  board ing .  

The a i r t i g h t n e s s  l a y e r  i s  made up o f  0 .2  m p o l y e t h y l e n e  f i l m  except  

i n  f l o o r s  where adequa te  a i r t i g h t n e s s  i s  ach ieved  through f l o o r  

chipboard b e i n g  n a i l e d  and glued t o  f l o o r  j o i s t s .  

The d e s i g n  examples i n  F i g u r e s  BI I I .35-BI I I .41  a r e  based on s o l u t i o n s  

a p p l i e d  by Masoni te  AB t o  de tached  houses .  The houses  can be e i t h e r  

s i t e - b u i l t  o r  p r e f a b r i c a t e d .  

Figure BIII. 35 .  

Facade views.  



- -0-- 7 

Car port 

9 
I 

. - -  9 

Entrance floor, 78  m 2 

Figure BIII. 3 6 .  Plan views. 

Figure BIII. 37. ShelZ-frame system ( C  1 2 0 0 ) .  

The sect ion shows t he  house's she22 made up of 
Masonite beams C 1200 for both mLZs, j o i s t s  and 
roof s tructures .  The sozutions a t  A-D are 
i lZustrated i n  the  foZZowing. 



Structured hardboard facade with battens 
300 m~neral wool. 3 layer between 
masonite wall frame H300R 
0.2 "Tenonat" polyethylene f i l m  

a )  Normal facade 

b )  Venti lated facade for 
severe c Limate 

In  t h e  case o f  s i t e - b u i l t  construction,  the polyethylene f i h  can 
be drawn "round" the  corner so tha t  continual sealing i s  achieved. 
The corners are sealed with mastic i n  prefabricated elements 

Figure BIII. 38.  Joint between ezternal  waZZs (outer  corner) 
d e t a i l  A (horizontal  view) 



Nogging piece against 
which the polyethylene 
film is clamped 

16 mm chipboard permits 
alternative of placing 
services within 
air /vapour barrier 

Paper strip- 

a) Long side 

Version for 
ventilated facade 

(22  floor chipboard (glue - 
n a ~  led 

HLOOMB 4 2 .  Masonite beam 
C600 

350 mineral wool 

Crawl space I 

Floor corners are 
sealed with m s t i c  i f  
the polyethylene f i lm - 
cannot be folded i n  
under the floor 
c hipboard 

Specially- treated cement - 
b ndfd chipboard 

b )  Gable 

Figure BIII. 39.  Joint be tmen  crawl space jo iat  - external m22 
(de ta i l  B ) .  



T r ~ p l e  g laz ing w i t h  low 
e r n i s s ~ o n  glass, 
( k - 1 . 5  w / ~ * ~ c )  

Section 

I c l c  1200 I 

b )  Plan 

A sheet of chipboard i s  positioned i n  the  window opening against which 
the  window i s  mounted with the  jointing against the  i m i d e .  The 
chipboard i s  nailed and glued agaimt  the  mZZ battens 

Figure BIII. 4 0 .  Joint external wall - window (detaiZ C ) .  



(Concrete roof t i les  ' Masonite roof l ight ' 3.2 hardboard 
1 350 m~nera l  wool 
r Masonite beam H400 0,  

i MB30, c 1200 
) 0.2 'Tenotat' polyethylene 
i f i l m  (taped jo in ts )  
: 22 timber panel or sec 

spaced board 
; +plasterboard 

122 f loor chipboard 
I Masonite beam H350, 
i MB38,c 600 
! G5 mineral wool for 1 acou~t ic insu1at10n 
' 19 timber panel or sec. 
1 spaced board 
\ + plasterboard 

a) Section 

350 mineral wool 

10 structured hardboard 

" polyethylene f i l m  

300 mineral wool 

Perspeative 

T h e  solut ion i s  d i f f i c u l t  and requires comiderabZe aaauraay when 
i m t a t l i n g  t o  achieve good a i r t igh tness .  I t  i s  important tht both 
t he  thermal i m l a t w n  and the  polyethylene f i h  be drawn unbroken 
past t he  joint  

Figure BIII. 41 .  Joint external. wall - sloping roof  (detail .  D ) .  
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BIV. 1 REGULATIONS 

In Switzerland, each canton and several towns have their own building 

codes with generally very different arrangement and contents. 

Therefore, it is nearly impossible to make any statements with 

general validity. The building codes are most comparable with regard 

to coefficients of thermal transmittance and air permeability of 

joints. 

At present, there is a tendency to standardize the building codes. 

For that purpose, the Federal Office of Energy - in cooperation with 

the cantons and the Swiss Association of Engineers and Architects - 

is about to work out model codes, e.g. with regard to 

o transmission heat loss 

o heat loss due to infiltration and ventilation 

o installations for heating and ventilation. 

All "Codes of Practice" in this field are established by the 

following associations and are mandatory. 

o Swiss Association of Engineers and Architects (SIA) 
(most Swiss standards on thermal protection and HVAC-problems). 

0 Association of Swiss Heating and Cooling Firms (VSHL).  

0 Swiss Association of Heating and Cooling Engineers (SWKI 
affiliated with ASHRAE). 
(Recommendations for heating installations, ventilation, 
air conditioning plants, refrigerating plants). 

BIV. 1.1 A i r t i g h t n e s s  

With regard to airtightness none of the existing recommendations 

include more than some indications of air leakage values for windows 

and doors. 

Usually the values should be in the ranges shown in Figure BIV.l. 



Tes t  pre8sure (Pa) 150 300 600 >600 

A l t i t u d e  o f  bu i ld ings  (m) < 8  8-20 20-100 - 

AZ Zowab Le c o e f f i c i e n t  for 
a i r  permea t i l i t y  o f  j o i n t s  
fm3/m h ~ a " / ~ )  0.44 0.22 0.22 0.22 

Ai r  permeabi l i ty  of j o i n t s  (m 3 /m h ]  
per m crack length  

1 2 L 6 810 20 40 60100 LOO 1000 
80 200 600 

Pressure above atmospheric (Pa 1 

Figure B I V . 1 .  A i r  permeabil i ty  o f  j o i n t s  o f  windows and doors 
( t a b l e  and diagram). 

BIV.1.2  Minimum ventilation rates 

Standards exist only for sFecific types of buildings and spaces where 

ventilation systems are prescribed (restaurants, theatres, etc.). 

- Residental buildings 

o Recommendations exist only for interior bathrooms, toilets 
and kitchens ( S I A  3 8 4 1 2 ,  building codes of cantons and 
local government). 



Examples: kitchen 
3 

80-120 m /h 
bathroom with toilet min. 60 m3/h 
toilet min. 30 m3/h 

o In some cantons there exist special regulations in the 
building codes on the requirements for fresh air at 
construction processes (gas heating, etc.). 

B I V . 1 . 3  Thermal i n s u l a t i o n  

The recommendation SIA 180/1 "Thermal Protection of Buildings in 

winter" has been developed by the Swiss Association of Engineers and 

Architects. This redommendation covers the transmission heat loss of 

the building shell limiting the allowable heat transfer coefficient 

of the building shell, km 

k < k  m -  m 
a1 lowable 

Besides this limitation the requirements on the k-values of each 

building element (windows, walls, etc.) must be fulfilled. 

Below, the expressions k m and kallowable are clarified 
allowable 

k 
m 
allowable 

k CO - Cl S C2 
m 

C, (wlmL K) 
all. . 

where 
C 0 

- 0.75 W / I U ~  K 

Cl = geometry factor (0.8-1.4) 

C2 
- climate factor (0.8-1.1; 1.0 for most Swiss houses) 

Cg = room temperature factor (0.8-1.2; 1.0 for 20°c). 

The solar gain through east-, west- and especially southfacing 

windows is introduced by a reduction of their k-values in the 

calculation of k . m 



kal lowab le 

Besides the limitation of k of the building shell the following m 
requirements have to be fulfilled: 

o roofs k - < 0.5 w/mL K 

o walls facing outside air 
2 

k < 0 . 6 W / m  K - 

o windows 
2 

k < 3.3 W/m K 

floors facing outside air 
2 o k < 0 . 6 W / m  K 

o floors facing unheated 
rooms or earth 

2 
k < 0.8 Wlm K. - 

Sometimes triple glazed windows are required when the wall is facing 

north in order to fulfil the allowable km. 

Calculations of k-values are made regardless of thermal bridges. 

The gross areas are used in the calculations. 

B I V . 2  CL IMATE I N  SWITZERLAND 

Switzerland is a country with large differences in altitude. The 

climate is much more dependent on the height above sea level than on 

the geographic location. The temperature gradient on the south side 

of the Alpes is larger than on the north side. 

The mountains also affect wind velocity and wind direction. There are 

two main wind directions: south and west. Figure BIV.3 shows 

temperature and wind plots for four Swiss cities which locations are 

given in Figure BLV.2 (for further information see Chapter A6). 

The annual heating degree day value HGT 20112 may be calculated from 

the annual mean temperature with Figure BIV.4 (see SIA 38113 and 

also Section A6.1). 

Switzerland is nominally divided in 12 climate zones. The 12 zones 

are reduced in Figure BIV.2 to 3 zones, which are used to calculate 

the minimal building construction temperature (SIA 271). 
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Switzerland could be d iv ided  i n  t h ree  d i f f e r e n t  c l imate  zones: 

Zone I :  

a  l Swiss "kfiddle-Land" and Jura 
(except  Chasseral)  
Val ley  grounds i n  mountains 

b )  Protected coas ta l  regions o f  Lakes 

C) Region o f  La 3revine 

Zone 11: 

Swiss par ts  south o f  t he  Alps,  
Berge 21, Puschlav, Wal l i s  

Zone 111: 

Alpine reg ion ,  h ighes t  Jura- 
reg ion  (ChasseraZ) 

8 
min. 

= -lsOc 

0 r -13O~ 
m i n .  

e = -23 '~ .  
min. 

8 H 0  = -(2.0+0.85-- ) C 
min. H. 

0 H 0  = -(13.5+0.45.- ) C min. H. 

where Onin = min. temp. for bui ld ing-  
I cons truc t ion .  Column 5 ,  

Tab. 0. S IA  180 (and 271) 

H = e l e v a t i o n ,  m 

Figure B I V . 2 .  The c l imate  zones o f  Switzerland.  



Z ~ R I C H  

l a t .  4 7'23 ' N  long. 8'34 ' E  
e l e v a t i o n  556 m 

GENEVA 

Zat. 46'12 ' N  Zong. 6O09 ' E  
e l e v a t i o n  405 m 

O C  temperature O C temperature 

1 1 1 1 1 1 1 1 1 1 1 1  
J F M A M J  J A S O N D  

windspeed 

0 

1 1 1 1 1 1 1 1 1 1 1 1  
J F M A M J J A S O N D  

windspeed mls  
8 
6 
4 
2 

0 

CA VGS 

Zat. 46'48 ' N  Zong. 9'49 ' E  
e l eva t ion  1561 m 

l a t .  46'00 ' J J  Zong. 8'58 ' E  
e l e v a t i o n  275 m 

O C  temperature  O C  temperature 

- 20 0 
J F M A M J  J A S O N D  I I I I I I I I I I I I  

J F M A M J  J A S O N D  
m l s  windspeed 

8 ,  1 Dai l  y mean 
d.-.- Annual 
------ Range 
o o o o o  Wet bulb  

Figure B I V . 3 .  Daily mean, extreme and wet bulb temperatures and 
windspeeds for  four c i t i e ~  i n  Switzerland.  The p l o t s  
are based on monthly mean va lues  according t o  Chapter A6 .  



Heating degree days, O C  days 

Annual mean temperature,OC 

Figure B I V . 4 .  Heating degree d a y s  HGT 2 0 / 1 2  a s  funct ion o f  annual 
mean temperature (SwitzerZand).  

BIV.3 COMMONLY USED CONSTRUCTIONS IN SWISS DOMESTIC BUILDINGS 

In  Swiss domestic bu i ld ings  today the  methods of cons t ruc t ion  i n  

common use a r e  based on the  t r a d i t i o n a l  bu i ld ing  types ,  namely massive 

cons t ruc t ion ,  framework cons t ruc t ion  and timber cons t ruc t ion .  From 

many bui ld ing  ma te r i a l s  a v a i l a b l e  a  g rea t  v a r i e t y  of l a r g e l y  

s tandard ized  d e t a i l  cons t ruc t ions  have been developed. Table B I V . l  

shows the  most commonly used bu i ld ing  ma te r i a l s  and t h e i r  app l i ca t ion .  

In o rde r  t o  i l l u s t r a t e  t he  problems of achieving a i r t i g h t n e s s  i n  

Swiss bu i ld ings ,  four  t y p i c a l  dwell ing houses were s e l e c t e d .  I n  

choosing these  p a r t i c u l a r  bu i ld ings ,  t he  primary cons idera t ions  were 

t h a t  t he  type of cons t ruc t ion  was commonly used and t h a t  a  l a rge  

number of c r i t i c a l  d e t a i l s  of the  cons t ruc t ions  with regard t o  

a i r t i g h t n e s s  were covered. 

The cons t ruc t ion  d e t a i l s  shown i n  Sect ion B I V . 3 . 2  apply t o  the  t y p i c a l  

bu i ld ings  shown i n  Sect ion BIV.3.1. In  some cases ,  r e l a t e d  designs 

have been in t eg ra t ed  i n  order  t o  cover t h e  widest poss ib l e  spectrum 

of d e t a i l  s o l u t i o n s  i n  common use.  

The s tandard  cons t ruc t ions  used i n  Switzerland a r e  p r imar i ly  

conceived t o  s e a l  aga ins t  d r i v i n g  r a i n  and d i f f u s i o n  of vapour but 



not to achieve satisfactory airtightness. For this reason a practical 

construction of improving airtightness was worked out for most of the 

illustrated details. 

Table B I V .  1 .  The most commonly used b u i l d i n g  materYiaZs and t h e i r  
app l i ca t i on .  

Massive construction Skeleton conetruction Cellular construction 

EWJSI; F/C WD IW EW F/C ST WD Ih' EW F/C SW WD IW 

Wood 

Brick 

Concrete 

Lightweight concrete 

Steel 

Gypsum wallboard. 
plaster-board 

Asbeetos cement 

tilaaa 

Sheet metals. metals 

Synthetic6 

Partlclc board 

Cement wovd products 

Insulating materials 

X X  X X X  X  X 

X  X  X X  X X  X 

X X  X  X  X  X  X X  

X 

X X 

BIV.3.1 Typical buildings 

As typical buildings four dwelling houses were selected. These 

represent the most common construction methods currently in use: 

0 conventional massive type of construction 

o cellular construction, pre-cast concrete construction 

o wooden framework construction. 

The selected buildings illustrate the majority of critical points in 

construction with regard to airtightness: 

Important structural Doors Windowe Sash Roof Roller Frame- Wood- Attic Roof- Curtain 
elements with regard windows windows blind work joist details walling 
to sirtightneee housings details ceiling 

See Section BIV.3.2 a) b) C) d )  e) f B) h)  1) j) 

Critical conrtruction 
detailr/rtructural 
elements 



I n  t h e  f o l l o w i n g  s e c t i o n  t h e  impor tan t  s t r u c t u r a l  e lements  r e l a t i n g  

t o  a i r t i g h t n e s s  i n  t h e  s e l e c t e d  b u i l d i n g s  w i l l  be  no ted  i n  t a b u l a r  

form as above.  

CELLULAR CONSTRUCTION 

D i s t r i b u t i o n  

T e r r a c e  houses ,  r e p r e s e n t i n g  a  growing p r o p o r t i o n  of s i n g l e - f a m i l y  

houses  i n  urban a r e a s .  

S g l e c t e d  example - ----------- 
T e r r a c e  house ,  y e a r  of c o n s t r u c t i o n  1960. 

- Construct ion 

Suppor t ing  p a r t y  w a l l s ,  f i r e p r o o f  c o n s i s t i n g  of two l e a v e s  of 15 cm 

b r i c k .  F l o o r s  of r e i n f o r c e d  c o n c r e t e  spann ing  whole house wid th ,  

v e n t i l a t e d  crawl  space  above ground, f l a t  roof covered w i t h  t o p s o i l  

and grown o v e r ,  i n t e r n a l  w a l l s  of  p l a s t e r e d  b r i c k ,  whole s o u t h  f a c a d e  

of wooden windows w i t h  s e a l e d  double  panes ,  n o r t h  f a c a d e  wood 
X 

c o n c r e t e  b r i c k s  20 c m  t h i c k .  

- Technical  equipment 

Heat ing  by means of hot-water r a d i a t o r s ,  c e n t r a l  h e a t i n g  p l a n t  f o r  

whole group of houses .  C e n t r a l  hot -water  p r e p a r a t i o n  i n  combinat ion 

X 
Wood c o n c r e t e  b r i c k s  a r e  a  s p e c i a l  k ind  of hol low b locks  w i t h  an 
average  X = 0.15 W/m K .  



with heating. Distribution of piping in accessible ducts. Internal 

bathrooms and kitchens mechanically ventilated. Ventilator manually 
3 

operated with capacity of 200 m per hour. 

- Construction detaiZs 

For important structural elements and corresponding construction 

details relating specifically to airtightness, see following table: 

Important structural Doors k'indows Sash Roof Roller Frame- Wood- Attic Roof- Curtain 
element0 with regard windows windows blind work joist details walling 
to airtightneae housing# details ceiling 

. . . . . .. - - 

Sec Section BIV.3.2 a) b )  C )  d )  C )  f )  H) h )  i) j)  

Critical conmtructjon 
detaile/structural 
elements 

X X X 

BASEMENT PLAIV 

GROUND FLOOR PLAm 

FIRST FLOOIi PLAN 

1 B e d r o ~ m . 1  doth- l  Bedroom i S o l . a . r t M t - ! , z  

Figure BIV. 5a. CeZZuZar construction. 



Bedroom Solar ium 

. 

S td re  F ron t  L i v i n g - d i n i n g -  room 

Garden 

.- 

Figure R I V .  5b. Cellular construction. 

WOODEN FRAMEWORK CONSTRUCTION 

Distribution ------------ 
Single-family houses in rural areas (including weekend and holiday 

homes), agricultural buildings, small multi-family houses in rural 

areas. 

Selected e x a m ~ l e  -- 
Detached single-family house, year of construction 1978. 



- Construct ion 

Reinforced concrete in basement walls and floor. Ground- and first- 

floor of wooden framework construction, internal and external panels 

filled with 10 cm insulating material, mostly mineral wool. Wooden 

roof structure with boarded rafter. system, insulation and asbestos 

cement roofing (Everlite), wooden windows with insulating glass 

(2 panes) and lip sealing. 

- Technical equipment 

Low temperature floor-heating, water storage container heated by 

wood-fired boiler. Internal bathrooms and kitchens mechanically 

ventilated with fans operated by light switch, fans continue to work 

for a limited period after light is extinguished. 

- Construct ion d e t a i l s  

For important structural elements and corresponding construction 

details relating specifically to airtightness, see following table. 

Important structural Doors Windows Sash Roof Roller Frame- Wood- Attic Roof- Curtain 
elements with regard windowe windows blind work joist details walling 
to airtightness houeings detaila ceiling 

See Section BIV.3.2 a) b) c) d )  e )  f ) 8) h) i) j) 

Critical construction 
detaile/structural X X X X X 

BASEMENT PLAN 

Figure BIV .  6a. Wooden frameuork constmtct ion.  



GROUND FLOOR P L A I  

P - -  --n 

I 
l 
I 

FIRST FLOOR PLAN 

- -- 

Figure B I V .  6b. Wooden framework construction. 



MASSIVE TYPE OF CONSTRUCTION 

Distribution ------------ 
Small multi-family houses. Single-family houses in urban and rural 

areas. 

Selected example -______-_-_-_ -- 
Six-family house, year of construction 1958. 

- Construction 
Reinforced concrete walls in basement, 30 cm brick facade walls, 

partition walls between apartments and other internal walls of brick. 



Reinforced concrete floors. Roof construction rafters covered with 

double Roman clay tile, attic partially insulated and habitable, 

double glazed wooden windows. 

- Technical equipment 

Hot-water heating by means of radiators, oil-fired central-heating 

boiler, hot-water preparation with individual electric boilers in 

apartments. Internal bathrooms with ventilation stack, gravity 

ventilation by means of adjustable flaps. 

- Construction d e t a i l s  

For important structural elements and corresponding construction 

details relating specifically to airtightness, see following table: 

Important structural Doors Windows Sauh Roof Roller Frome- Wood- Attic Roof- Curtain 
elements with regard windows windows blind work joist details walling 
to airtightness h ~ u s i n g e  details ceiling 

See Section 8IV.3.2 a) b )  c) d) e) f ) 8) h )  i) j )  

Critical construction 
details/structural 
element0 

X X X X X X X 

BASEMENT PLAN 

Figure BIV.7a. Massive type of construction.  



SECOND FLOOR PLAN 

Maste r  
bedroom L i v i n g - r o o ~  

-=?- 

Living -roor 
Master 

Figure B I V .  7b. Massive type of construction. 
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Figure B I V . 7 c .  Massive type of construction. 



PRE-CAST CONCRETE PANEL CONSTRUCTION 

Distribution ------------ 
Large urban developments. 

Selected exampie 

18-storey block with over 300 apartments, year of construction 

- Construction 
Pre-cast concrete panel supporting structure for partition walls, 

side facades and floors. Non-supporting partition walls and main 

facades of light-weight building components, accessible flat roof 

with roof apartments, double glazed wooden windows throughout. 

- TechnicaZ equipment 
Central heating system and central hot-water preparation for whole 

development. One-pipe radiator room heating system. Bathrooms and 

kitchens mechanically ventilated (air change prescribed only for the 

kitchens and bathrooms to 5 ac/h)  . 

- Construction detaiZ.9 

For important structural elements and corresponding construction 

details relating specifically to airtightness, see following table: 



Important structural Doors Windows Sash Roof Roller Frame- Wood- ~ t t i c  Roof- Curtain 
elsments with regard windows windowe blind work joist details walling 
to oirtightneaa houeings detoils ceiling 

Sec Section BIV.3.2 a) b) c) d) e )  f) 8) h)  i) j) 

Critical construction 
detailo/etructural X 
elomonta 

X X X 

STANDARD FLOOR PLAN 

Figure B I V .  8a. Pre-cast concrete pane 2 construction. 



SECTION 

Figure BIV.8b .  Pre-cast concrete pane2 construction. 

BIV.3.2 Construction details 

In principle, light-weight types of construction present far more 

problems with regard to airtightness than massive types. Whatever the 

type of construction, all connections, openings, joints and seams in 

the building shell are critical points when considering airtightness. 

The following construction details apply to the typical buildings 

described in Section BIV.3.1. These are mostly standardized methods, 

which are widely used in Switzerland and have proved their expediency. 

It should be noted that these standardized methods are primarily 

conceived to seal against driving rain and diffusion of vapour. In 

relation to the present level of building practice, however, several 

of these standard methods are not entirely satisfactory. For this 

reason a practical method of improving airtightnees was worked out 

for most of the illustrated details. A number of these improvements 

are also attainable by use of construction systems other than those 

illustrated here. 



a  1 DOORS 

I n  o r d e r  t o  reduce t o  a  minimum t h e  l o s s  of warm a i r  th rough  door  

j o i n t s ,  t h e  f o l l o w i n g  p o i n t s  shou ld  be observed:  

o use  of s u i t a b l e  f i t t i n g s  

o l i p - s e a l i n g  between door-frame and door- leaf  

0 s e a l i n g  s t r i p  (if p o s s i b l e  doub le )  between door-frame and 
a d j o i n i n g  s t r u c t u r a l  e l ements .  

A70 t e 

The l o s s  of  warm a i r  th rough  door j o i n t s  between unheated rooms and 

f u l l y  h e a t e d  o r  p a r t i a l l y  h e a t e d  rooms i s  o f t e n  over looked .  

Standard construction 

Non-warping door  c o n s t r u c t i o n  wi thou t  s e a l ,  w i t h  two r a b b e t s .  

IIVSIDE 

OUTSIDE 

Figure B I V .  9a. Doors. 

Improved cons truction 

Non-warping door c o n s t r u c t i o n  w i t h  a d d i t i o n a l  l i p - s e a l i n g  and s e a l i n g -  

s t r i p  between door frame and w a l l ,  s i n g l e  r a b b e t  o n l y .  

OUTSIDE 

Figure B I V .  9b. Doors. 



Standard cons t ruc t ion  

OUTSIDE 

SECTION 

-Seal ing  s t r i p  

Frame 

PLAN 

-- Flush door w i t h  thermal 
i n s u l a t i o n  and moisture 
b a r r i e r  5 .5  cm 

INSIDE 

c- Seal ing  s t r i p  

Improved construction w i t h  add i t i ona l  Zip-sea2 

PLAN 

Lip sea2 

Seal ing  s t r i p  

Figure B I V .  9c. Doors. 



b  WINDOWS 

I n  o r d e r  t o  keep t h e  l o s s  of warm a i r  through window j o i n t s  t o  a  

minimum, t h e  f o l l o w i n g  p o i n t s  should  be observed:  

o use of s u i t a b l e  f i t t i n g s  

o s e a l i n g - s t r i p  a t  j o i n t s  between window-frame and r a b b e t  

o l i p - s e a l i n g  between window-frame and casement.  

Standard construction 

Frames s e a l e d  w i t h  s e a l i n g  s t r i p ,  no casement s e a l i n g .  

SECTION 

Sealing 

Frame 

s trip 

PLAN 

I 

F i g w e  BIV.  l Oa. Windows. 



Improved cons truc t ion  

Additional casement seal and external frame seal. 

PLAN 

(neoprene pro f i  Ze) 
( Z i p  s e a l )  

Rain sea2 
Wind sea l  
Wind and vapour sea2 (rubber p r o f i l e )  

Figure B I V .  lob. 

Windows. 

With ex t e rna l  i n s u l a t i o n ,  window rabbet i n  embrasure 

SECTION 

Sealing 
PLAN 

L Seating strip 

Figure B I V .  l Oc. Windows. 



324 

Window rabbet f lush wi th  facade 

SECTION 

Weather bar dr l 

Sealing s t r i p  
Cover s t r i p  
Wood frame 5 . 5  

Rain guard 
Weather ba 
Sealing S trip Y F i  

PLAN 

L seal ing s t r i p  

Figure B I V .  l Od. Windows. 

Note: h%ether insu la t ing  glass or double glazing i s  used, the  problems 
wi th  regard t o  a i r t igh tness  remain basical ly  the same. 

c) SASH WINDOWS 

In order to minimize the loss of warm air through joints in sash 

windows, complicated and costly structural measures must be taken. 

The following points should be observed: 

o joints between frame and rabbet 

o joints between fixed window casement and frame 

o special attention must be paid to joints between opening 
window casement and frame. 



Sliding sash window ------ 
Optimal solution for achieving airtightness by a mechanism, which 

presses the seals in the closing position. 

SECTION PLAN 

>c ., < , . , ", / . . / / , i 

. . I ,  

. . . 

Fixed casement 

kfovab Le casement 

Movable casement 

. . , . .  
. ~ \ . . . .  . 

\ , ' \ /  \ \ \ /  v , . . J 

F i p e  B I V .  l I .  Sas h windows. 



d ROOF WINDOWS 

With regard to airtightness roof windows create very much the same 

problems as standard window types (see b )  Section BIV.3.2). 

Centre-hung roof window ---------- 
Standard construction with built-in lip seal. Optimal 

solution for achieving airtightness. 

L i p  seal  i n  window 

Lip sea2 i n  casement 
When placing roof window ensure 
tha t  casing jo in t s  are sealed 

Header 1 0 / 1 4  

Vapour barr ier  

, ' 
Rafter 1 0 / / 4 ,  
Casing 

i n  window frame 

Figure BIV.12.  Roof windows. 



e > ROLLER BLIND HOUSING 

The airtightness of roller blind housings is often insufficient. In 

particular the standard construction with internal opening for 

maintenance purposes has many joints which can often only be 

satisfactorily sealed with great difficulty. 

Standard construction 

Housing with internal opening for maintenance. 

Detail two-leaf masonry wall 

board 

Detail cur ta in  walling 

Figure B I V .  13a. Ro l l e r  bl ind housing. 

Improved construction 

External housing across facade; only one internal opening for roller 

blind crank. 

Figure B I V .  13b. 

Ro l l e r  b Zind housing. 



f > FRAMEWORK DETAIL 

In order to keep the loss of warm air in wooden types of construction 

to a minimum, all joints must be sealed with elastic material with 

good age resistance. The construction must allow for shrinkage, 

swelling and creeping without loss of airtightness. 

Join between framework and basement ceiling 

Standard construction 

Joint between sill and infilling sealed, joint between sill and base 

as normal. 

Wooden external  fac 
Thermal insulat ion 
wi th  vapour barr ier  
Wooden in terna l  facing Potential  a i r  

leakage locations 

Sealing s t r i p s  

Figure B I V .  l4a.  

Framework, de t a i  l .  

Improved construction 

Additional putty-joint or sealing strip between base and sill. 

Rabbet bat ten  

B I V .  14b. 

Framework, d e t a i l .  



Facade construction for framework-construction 

Standard construction 

Infilling with sealing strips and battens between vertical studs and beams. 

SECTION, general view 

Floor 

+Vertical s t m t  

SECTION, general view SECTION, d e t a i l  

External facing 

maZ insula- 

F Vapour barr ier  
Sealing 
G t r i p  

Figure B I V .  14c. 

Framework, d e t a i l .  

Improved cons tmc t ion  

Construction not exposed, air seal throughout beneath continuous 

external facing. 

SECTION, general view SECTION, de ta i  1 

Polyethy 
sheeting 

External facing 
Wind seal  (PE-fiZm) 
Thermal insu la t ion  
Vapour barrier 
Particle board 

Figure BIV .  l l d .  

Framework, detai  2 .  



S) WOOD J O I S T  C E I L I N G  

The l o s s  of warm a i r  th rough  t h e  c e i l i n g  i n t o  t h e  unheated a t t i c  i s  

o f t e n  over looked.  

Standard cons truc t ion  

I n s u l a t i o n  of  a t t i c  f l o o r  between wood j o i s t s  ( v a r i a n t  1) o r  over  

board ing  ( v a r i a n t  2 ) .  Thermal i n s u l a t i o n  w i t h  vapour b a r r i e r .  

Variant 1 A t t i c  co ld  

Figure B I V .  l5a.  Wood j o i s t  c e i l i n g .  

Improved cons truc t ion  

As s t a n d a r d  c o n s t r u c t i o n  bu t  w i t h  a  s e p a r a t e  p o l y e t h y l e n e  f i l m  b u i l t  

i n  th roughout  a s  a i r  s e a l  and vapour b a r r i e r .  

Figure B I V .  15b. Wood joist c e i l i n g .  



h ROOMS I N  ATTIC 

The loss of warm air at the joints between wall and roof construction 

is often overlooked. 

Figure BIV .  16.  Rooms i n  a t t i c .  



i > ROOF DETAIL 

The same problems arise as with framework construction details (see 

f )  Section BIV.3.2). 

Roof construction with exeosed rafters ------------ 

Standard cons t ruc t ion  

DETAIL OF RIDGE 

DETAIL OF VERGE 

OUTSIDE 



Improved construction 

Vapour b a r r i e r  a s  wind  s ea l .  

DETAIL OF RIDGE 

, Vapour barrier throughout 
/ at3 wind seal  

> Connections t i g h t  l y  gtued 

DETAIL OF VERGE 

I 

OUTSIDE 

Vapour barr 
Connection8 
s i v e  tape 

~ i e r  throughout a8 
t i g h t l y  gtued (W 

wind seal  
i t h  adhe- 

Figure B I V .  17b. Roof detai l .  Improved conatruction. 



Standard construction 

Thermal insulation between rafters, internal boarding on rafters. 

DETAIL OF EAVE DETAIL OF VERGE 

spanned f o i l  shee 

Figme BIv.17~. Roof detail-.  

Improved construction 

Continuous wind protection membrane between rafters and boarding. 

DETAIL OF EAVE DETAIL OF VERGE 

t i n g  

Figure B I V .  17d. Roof d e t a i l .  



j 1 CURTAIN WALLING 

In order to reduce to a minimum the loss of warm air through joints 

in curtain walling, the following points should be observed: 

o joints between curtain walling and adjoining structural 
element S 

o impermeable surface. 

Standard construction 

SECTIOIJ 
genera2 view 

SECTION 
de t a i  7, 

IfiSIDE Sandwich pane 2 : 

Hardboard 5 mm -- 
Softboard 40 m - 
Formed metal sheet 
( v e n t i  latedl  

Connection glued - 

PLAN -- -v PLAN 
general view Connection glued 

OUTSIDE 

Figure B I V .  l 8 a .  

Curtain walling. 
Standard construction.  



Improved cons truc t ion  

SECTION 
genera2 view 

PLAN 
general view 

OUTSIDE 

SECTION 
detai l 

Seal ing s t r i p '  

Seal ing strip 
\ 

PLAN 
de t a i  l 

Figure BIV.18b. Curtain wal l ing .  Improved cons truc t ion .  



B I V . 4  REFERENCES 

SIA - Codes and Recommendations 

S IA TITLE 

CODE NR. 

Thermal Protection of Buildings (principles). 

Thermal Protection of Buildings for Winter Conditions. 

Annual Heat Consumption of Buildings (simple calculation 
method). 

Flat Roof S (principles). 

Thermal Insulation Materials (requirements, testing). 

Building Construction Materials (characteristics). 

Climatic Data for Solar Energy Applications. 

Heating Degree Days for Switzerland. 

Ventilation Installations (special conditions for 
installation) . 

Central Water Heating Systems (techn. requirements for 
installation). 

Heating System Design Rules. 

Central Heating Systems 

Domestic Hot Water Preparation Systems. 





U N I T E D  K I N G D O M  

P A R T  B V  



BV. 1 NATIONAL REGULATIONS FOR HOUSING IN THE UNITED KINGDOM 

BV.  1 . l  Requirements for airtightness 

The UK has neither mandatory nor recommended standards for the 

airtightness characteristics of complete dwellings. 

However, a draft standard (DD4:1971) has been issued by the British 

Standard Institution as an interim standard for development. This 

document gives preliminary recommendations on the grading of windows 

in respect of resistance to wind loads, air infiltration and water 

penetration and is expected to be revised and reissued as a full 

British Standard in the near future. The air leakage limits from DD4 

are as follows: 

Exposure Pressure difference Maximum air 
rating under test (Pa) infiltration rate 

Sheltered 

Moderate 

Severe 

3 12 m /h per 
metre length 
of crack 

The three exposure ratings are defined in terms of the wind's maximum 

gust speed, averaged over a 3 second period, which is expected on a 

once in 50 year probability, as follows: 

Exposure Maximum 3 s gust 
speed (rnls) 

Sheltered 

Moderate 

Severe 

There are no similar national standards for doors, although the 

criteria which have recently been proposed for the selection of doors 

and door sets include requirements for air infiltration rates, but 

these are less stringent than for windows. A guidance document is to 

be published by the Building Research Establishment. 



BV.1.2 Minimum ventilation rates 

The Building Regulations for England and Wales contain a requirement 

for mechanical ventilation rates, in respect of sanitary accommodation 

only. This applies to all building types including housing, but only 

as an alternative to natural ventilation. All other ventilation 

provision in the Regulations is expressed in terms of area of 

ventilation opening (see Table A5.5 in Part A). 

Table 12 of the Scottish Building Standards gives more specific 

requirements for ventilation rates in a great variety of types of 

room and building occupancy. For kitchens, bathrooms and WCs, these 

requirements are expressed in terms of air change rates and for 

living-rooms and bedrooms, as a volume of fresh air per person, the 

number of persons being the number for which the room is designed. 

In Inner London, the GLC Building (Constructional) Bylaws require 

natural ventilation by means of openable windows to all habitable 

rooms and kitchens. In addition, there is a basic requirement for 

these rooms to have permanently open ventilation of 2000 mm2 (see 

Table A5.5 in Part A). However, District Surveyors (London Building 

Control Officers) have the discretion to approve mechanical 

ventilation to such rooms where natural ventilation is not possible. 
3 

The mechanical ventilation rate must be at least 22 m /h per occupant 
3 2 

or 5 m /h per m floor area, whichever is the greater. There are no 

specific rates given for bathrooms but the District Surveyors' 

Association have agreed to follow the requirements of BRE Digest 78 

(3 air changes per hour). The ventilation of WC compartments is 

controlled by Environmental Health Inspectors under the GLC's 

Drainage Bylaws, under which there are no specified ventilation rates 

laid down. 

Recommendations are also made in British Standards and also CIBS 

publications. The recently published British Standard for ventilation 

principles and design (BS 5925) draws on the CIBS Guide Section A1 to 

give minimum and recommended ventilation rates, but only for air- 

conditioned residences (i.e. not applicable generally to UK housing). 

BV.1.3 Requirements for thermal insulation 

The thermal insulation requirements for housing in the UK, to which 

reference is made in Part A, were amended in 1982. They apply to 



buildings for which approval is sought after the 1st April 1982 

(England & Wales) or 17th March 1982 (Scotland). In Inner London, the 

GLC Building (Constructional) Bylaws include no requirement for 

thermal insulation. 

The main features of the amended national regulations are: 

o lowered maximum permitted k-values (U-values) for elements 
of the building (walls, roofs, etc.) 

0 new requirements to limit the risk of condensation in lofts 
and roof spaces 

o the omission of the calculated average k-value for perimeter 
walling 

o its replacement with requirements to limit the area of 
glazing relative to that of the perimeter walling. 

The maximum permitted k-values are as shown in Figure BV.l. 

LIMITING CONDENSATION RISK 

The following alternative methods of limiting the risk of roof space 

condensation are accepted: 

o construction in accordance with clauses 22.8 to 22.16 of 
BS 5250 (these clauses give general guidance on how to avoid 
condensation problems in flat and pitched roofs of dwellings, 
including the use of vapour barriers and vapour checks 

o cross ventilation by means of permanent ventilation to the 
roof space (cold roof design) with a total free area not 
less than 0.3 per cent of the roof plan area, but evenly 
distributed around the perimeter of the roof 

o cross ventilation to pitched roofs of rectangular plan shape 
by means of permanent ventilation providing a free area 
equivalent to a continuous gap width of: 

10 mm (if roof pitch >15O) 

25 mm (if roof pitch <15O). - 
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has more than 30 per cent of i t s  boundary wall used for 
permangn4 v e n t i l a t i o n  

C Combined construction of internaZ wal l ,  roof space and 
roof .  (Room-in-the-roof condi t ions)  

D Combined construction of c e i l i n g ,  roof space and 
externaZ wal l .  (Gable wall condit ion) 

E Exposed floor construction between a dwelling and the  
open a i r ,  or  a space which has more than 30 per cent of 
i t s  boundary wall used for permanent v e n t i l a t i o n  -------- 

F Wall construction between a dwelling and a space which 
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0.35 

I The combined construction of c e i l i n g ,  roof space and 
roof f i n i s h  

Figure BV. I .  Diagram showing maximum permitted k v a l u e s  (U-ualuesl 
for various building elements. 



PERMITTED AREAS OF G L A Z I N G  

The area of single glazing should be no greater than 12 per cent of 

the perimeter walZ area when the external wall k-value is 0.6 w/m2 K. 

The "perimeter wall" includes party walls and walls between the 

dwelling and unheated ventilation spaces. 

Adjustments may be made for double and triple glazing as follows: 

double glazed area + perimeter wall area must not be greater 
than 24 per cent 

triple glazed area perimeter wall area must not be greater 
than 36 per cent. 

Alternatively, if the designer wishes to use an external wall 

construction with a k-value less than 0.6, there is the opportunity 

to increase the area of glazing, provided that the combined rate of 

heat loss through the windows and wall of the proposed design is no 

worse than if the above rules for percentage glazing areas had been 

applied, i.e. 

n A 

/Thermal transmittance 
f 
Thermal transmittance of3 

using percentage glazing proposed design 

where 
2 

WAO. 6 - wall area with k = 0.6 W/m K 

G% - area of glazing designated in the Regulations 
G U = k-values of the glazed areas: 

- single glazing = 5.7 values assumed for the pur- - double glazing - 2.8 
poses of this calculation - triple glazing - 2.0 

2 
'*<0.6 = wall area with k < 0.6 W/m K 

2 
w<~. 6 = actual k-value of wall with k < 0.6 W/m K 

G A - proposed area of glazing in the wall with k < 0.6 w/m2 K. 
P 

For this calculation, it is permitted to determine the area of glazing 

either as the structural opening into which the window is placed 

(provided the wall k-value is maintained up to the window frame) or 

alternatively the area of the structural opening plus the area of the 

wall (i.e. at window sills, lintels and reveals) which does not meet 

the k-value requirement. 



There i s  t h e r e f o r e  no s p e c i f i c  requirement  t o  avoid  c o l d  b r i d g e  

d e t a i l i n g .  However, t h e  f a c t  t h a t  t h e  p e r m i t t e d  a r e a  of g l a z i n g  can 

be inc reased  i f  c o l d  b r i d g e s  a r e  avo ided ,  p rov ides  some i n c e n t i v e  

f o r  d e s i g n e r s  t o  choose t h i s  o p t i o n .  

BV.2 THE CLIMATE OF THE UNITED KINGDOM 

BV.2 .l General d e s c r i p t i o n  

Owing t o  i t s  e longa ted  shape between l a t i t u d e s  50 and 60 degrees  

n o r t h ,  t h e  United Kingdom h a s  a  c o n s i d e r a b l e  v a r i a t i o n  i n  c l i m a t e  

w i t h i n  a  r e l a t i v e l y  smal l  a r e a .  There  i s  a  c l e a r  c l i m a t i c  d i s t i n c t i o n  

between ' h i g h l a n d 1  a r e a s  ( S c o t l a n d ,  Wales and p a r t s  of t h e  South West) 

w i t h  land h i g h e r  t h a n  400 met res  above s e a  l e v e l  and lowland a r e a s  of 

t h e  South and East  of England and a l s o  Northern I r e l a n d .  

F igure  B V . 2  shows t h e  l o c a t i o n  of h igh  ground and F i g u r e  B V . 3  t h e  

t empera tu re  and windspeed p l o t s  f o r  f o u r  c i t i e s  i n  t h e  Uni ted Kingdom. 

F u r t h e r  d e t a i l s  of c l i m a t e  a r e  given i n  S e c t i o n  A 6 .  

Figure BV.2. M a p  s b w i n g  t h e  parts o f  t h e  UK where land is higher 
than 400 metres  above sea l e ve l .  
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Figure BV. 3. CZimatic data for four cities in the UK. 



BV.2.2 Degree days and des ign  temperatures 

The difference between average temperatures in the South of England 

and those in Northern Britain are as follows: 

minimum winter temperature difference = 5 ' ~  

mean temperature difference in coldest month = 2'~. 

This is reflected in the range of degree day values found across the 

UK. Figure BV.4 shows degree day contours based on a 30 year period 
0 

between 1921 and 1950 and with a 15.6  C base temperature. In the UK, 

however, degree days are used only for estimating seasonal fuel 

consumption, rather than for heating system design, see Section A6.2. 

Figure RV.  4 .  Degree day contours fo r  the UK with  15.6'~ base 
temperatme ( a f t e r  SheZZard 1 9 5 6 ) .  



The use of climatic zones with different external design temperatures 

has not been adopted as standard practice in the UK. As a result, the 

majority of design specifications for the whole of the country 

require the heating installation to maintain the chosen internal 
0 

temperature when the external temperature is -1 C. 

Under these circumstances, the designer is expected to choose whether 

or not, in order to achieve adequate internal temperatures on very 

cold days, to increase the power output of the heating system above 

that derived from the steady state design specification, and run the 

risk of reduced system efficiency during the many mild days throughout 

the winter. In the UK, therefore, the part load efficiency of the 

heating boiler is of particular significance. 

BV.3 TYPICAL DOMESTIC BUILDINGS IN THE UNITED KINGDOM 

BV.3.1 The housebuilding market generally 

Domestic construction activity in the UK is divided between the 

public sector (Local Authorities and Housing Associations receiving 

Government support) and the private sector (financed by contractors/ 

developers and private individuals). 

In 1975, a roughly equal share of the housebuilding market was taken 

by each sector. Since then, the general decline in the UK construction 

industry has had a greater effect on the public sector and 

substantially reduced its share of the market. 

BV.3.2 Typical dwelling types 

There has been a steady decline since the 1960s in the use of multi- 

storey housebuilding. Indeed, industrialized building systems using 

large finished components made off-site are now virtually non- 

existent. 

The current emphasis being put on building dwellings for smaller 

families and for special groups, such as the elderly and handicapped, 



Housing for  the  e l d e r l y  by Local authsr7;ty housing for  
a Housizg Assoc ia t ion .  t he  handicapped. 

has resulted in a predominance of two storey family houses and small 

scale flat developments. On occasions, flats are built in blocks of 

three or four storeys. 

Figure 3 V .  7 .  Y i xed  family housing. 



Figure 3 V .  8 .  I%O and threc person f Zats. 
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p r o j e c t s  i n  t h e  p u b l i c  sector. 



BV.3.3 Forms o f  c o n s t r u c t i o n  

In the UK, the basic structure of two storey dwellings is either load- 

bearing masonry (brickwork and blockwork) or timber frame. In both 

cases, there is a preference for the use of natural materials for the 

external facing, e.g. brick, clay tiles or timber (see Figures BV.10 

and BV.ll). 

Three and four storey flats are often constructed with concrete floor 

slabs, supported by load-bearing masonry cavity walls. Roofs are flat 

and either of concrete or timber construction. The critical details 

from the point of view of airtightness are associated with the 

formation of openings in masonry walls and are therefore dealt with 

in the general discussion of masonry construction. 

Whilst masonry construction is often specified for public sector 

developments, the advantage of timber frame construction in respect 

of rapid site erection has caused builders and private developers 

increasingly to choose this form of construction for their speculative 

developments. Indeed, the general availability of design guidance has 

changed 'timber frame' from a building 'system' to a form of 

construction which can be used even by the small scale building 

contractor. 

However, masonry construction will continue to be chosen where 

concrete floors are preferred as a means of achieving adequate sound 

insulation between flats and where the designer considers it an 

advantage from the point of view of the control of the environment 

within the dwelling. 

MASONRY CONSTRUCTION 

In load-bearing masonry construction, the cavity walls are 

conventionally built with a single leaf of brickwork externally and 

an inner leaf of brickwork or blockwork. Before 1982, it was 

possible to comply with Building Regulation thermal insulation 

requirements simply by using a light-weight concrete block for the 

inner leaf of the wall. 

However, since the amendments came into effect in MarchIApril 1982, 

it has no longer been possible to comply with the maximum k-value 

requirements without the use of insulating materials with high 
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Figure BV.  I l .  Typical timber frame 
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thermal resistance within the external wall construction. This is 

done most conveniently by filling or partially filling the wall 

cavity as the wall is built with insulating material, usually in 

quilt or board form. 

The load of the first floor and roof is supported on the inner leaf 

of the cavity wall. Roofs are constructed of trussed rafters with a 

pitch between 221' and 30'. The roof trusses sit on a timber wall 

plate, above the inner leaf and are held down to the masonry wall 

with metal straps. The use of attic accommodation is not commonplace 

in public sector housing, but occurs occasionally in the private 

sector. 

The first floor timber joists may be supported on joist hangers built 

into the inner leaf or alternatively the joist may penetrate the 

inner leaf so as to have the maximum direct bearing on the wall. 



From the point of view of fire resistance, the Building Regulations 

limit the continuity of air spaces within the elements of construction 

and between one element and another. 

The finish to masonry walls was traditionally wet plaster, but in 

recent years, plasterboard dry lining has become more popular. When 

first introduced, it was fixed to timber battens, but this is an 

expensive solution and methods have been developed which rely on 

adhesive fixing direct to the masonry wall. 

Ground floor construction is either the traditional suspended timber 

floor with underfloor ventilation or alternatively a solid concrete 

slab, cast in contact with the ground. Very recently, the use of 

suspended concrete plank floor has been introduced as an alternative 

to the traditional timber suspended floor. These concrete floors have 

also been used in flats as some consider them able to meet the sound 

insulation requirements (both airborne and impact) more conveniently 

than does timber construction. It is not common in the UK for the 

ground floors of dwellings to be insulated as there is no requirement 

to do so in the Building Regulations. If insulation is included, the 

aim is to reduce heat loss at the perimeter of the building. 

TIMBER FRAME CONSTRUCTION 

In timber frame construction, the loads of floor and roof are 

supported by frame constructed of 75 X 50 or 100 X 50 mm timber studs 

(posts) stiffened by a sheathing material of plywood or hardboard. 

The external and party walls of the dwelling are formed from 2 or 3 

panels, joined together at an intersection with an internal wall 

panel. The space between the studs of the external wall panels are 

insulated with mineral fibre and the framework is lined on the inside 

with plasterboard. A vapour barrier of polyethyleneX is introduced 

as a separate membrane, as a backing to the plasterboard sheet or 

as a facing to the mineral fibre insulating quilt. 

The first floor is supported by the ground floor panels either from 

joist hangers attached to an edge beam or by bearing directly on the 

lower panels. The roof structure is formed of trussed rafters (as 

for masonry construction) which span between the external walls. 

X More commonly known as polythene in the UK. 



E x t e r n a l l y ,  t h e  frame may be  f a c e d  w i t h  a n  independent  veneer  of 

brickwork s e p a r a t e d  from t h e  frame by a n  a i r  s p a c e ,  o r  w i t h  t imber  o r  

t i l e  c l a d d i n g  f i x e d  d i r e c t l y  t o  t h e  f rame.  It i s  common t o  u s e  a  

b r i c k  veneer  up t o  f i r s t  f l o o r  l e v e l  w i t h  t imber  o r  t i l e s  above.  

I t  i s  normal p r a c t i c e  f o r  an impregnated " b r e a t h e r  paper"  t o  be 

a p p l i e d  t o  t h e  s h e a t h i n g  t o  p r o t e c t  it from m o i s t u r e  d u r i n g  t h e  

c o n s t r u c t i o n  p r o c e s s  and t o  p r o t e c t  i t  from w e t t i n g  by r a i n  d r i v e n  

by wind th rough  open j o i n t e d  c l a d d i n g .  

The ground f l o o r  i s  u s u a l l y  of c o n c r e t e  w i t h  an i n t e g r a l  founda t ion  

' t o e '  t o  suppor t  t h e  b r i c k  v e n e e r .  A l t e r n a t i v e l y ,  a  c o n v e n t i o n a l  

masonry t y p e  f o u n d a t i o n  may be used t o  s u p p o r t  t h e  t imber  frame and 

t o  make i t  p o s s i b l e  t o  p r o v i d e  v e n t i l a t i o n  f o r  a  suspended t imber  

f l o o r  . 

As i n  t h e  c a s e  w i t h  masonry c o n s t r u c t i o n ,  ground f l o o r s  a r e  n o t  

normal ly  i n s u l a t e d .  I n s u l a t i o n  above t h e  c o n c r e t e  s l a b  o r  w i t h i n  a  

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

of thermal  c a p a c i t y  w i t h i n  t h e  b u i l d i n g  may make i t  d i f f i c u l t  t o  

c o n t r o l  i n t e r n a l  t e m p e r a t u r e s .  I n s u l a t i o n  p laced  benea th  t h e  s l a b  i s  

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

l o s s  from t h e  p e r i m e t e r  of  t h e  f l o o r .  

BV.3.4 Construction details 

I n  UK house c o n s t r u c t i o n ,  s p e c i a l  c a r e  i s  n o t  normal ly  t a k e n  t o  s e a l  

a l l  p o t e n t i a l  a i r  l eakage  p a t h s .  Emphasis i s  more o f t e n  p l a c e d  on 

reduc ing  t h e  passage  of  w a t e r  vapour  th rough  t h e  c o n s t r u c t i o n  and 

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

A s  t h e  need t o  do t h i s  i s  c o n s i d e r e d  t o  be  g r e a t e r  i n  t imber  frame 

t h a n  i n  masonry c o n s t r u c t i o n ,  t h e  p o t e n t i a l  f o r  improving t h e  a i r  

i n f i l t r a t i o n  c h a r a c t e r i s t i c s  of t imber  frame c o n s t r u c t i o n  a l r e a d y  

e x i s t s .  Great  improvements can be made by f i r s t l y  e n s u r i n g  t h a t  t h e  

vapour b a r r i e r  i s  c o r r e c t l y  f i x e d  and secondly  by e n s u r i n g  t h a t  i t  

i s  c o n t i n u e d  a t  j u n c t i o n s  of  w a l l s ,  f l o o r s  and r o o f s .  

Masonry w a l l s  which a r e  b u i l t  w i t h  j o i n t s  w e l l  f i l l e d  w i t h  mor ta r  

and w i t h  p l a s t e r  f i n i s h  e x h i b i t  v e r y  l i t t l e  a i r  l eakage .  However, t h e  

t r e n d  t o  use  p l a s t e r b o a r d  w a l l  l i n i n g  and t h e  l a c k  of  importance  

o f t e n  p l a c e d  on f i l l i n g  mor ta r  j o i n t s  h a s  i n c r e a s e d  t h e  p o t e n t i a l  f o r  



air leakage through walls and at their junctions with floor and 

ceiling. 

Also, the ventilation of wall cavities encourages air to penetrate 

through the inner leaf of the wall, particularly at first floor level 

where the floor joists are often built into the wall and sealed only 

with cement mortar. Whilst this sealing method is acceptable as a 

means of stopping the spread of fire, it is unlikely to be adequate 

to prevent air infiltration into the building. 

Research by the Building Research Establishment and the UK fuel 

industries (both gas and electricity) is currently in progress to 

determine the air leakage paths through typical houses and the 

proportion of the total leakage attributable to each. Published 

papers do not yet indicate firm relationships between specific 

construction details an1 air leakage characteristics. Under these 

circumstances, it is possible only to identify the potential air 

leakage paths and suggest ways in which these might be eliminated or 

substantially restricted. 

The principal air leakage paths are associated with the following: 

o windows and doors 

o floor/wall and walllceiling junctions 

o openings for access to the roof space 

o holes for services. 

These are illustrated in Figure BV.12 for a two storey house. 

Each of the critical points shown on the diagram are discussed in the 

following pages, where necessary with separate consideration of 

masonry and timber frame construction. In each case, the construction 

detail thought most typical of existing practice is shown, followed 

by suggested methods for reducing air leakage. Many of these methods 

still require site evaluation. 

Some of the air sealing methods shown are recommended in manufacturers' 

product literature but not generally applied in practice; others have 

been chosen for specific low energy housing projects. 
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Figure BV.12 .  A i r  leakage paths i n  2-storey family houses. 



BASIC WALL CONSTRUCTION 
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plasterboard f ixed w i th  p las t e r  dabs. 1;f care i s  not taken t o  seal  
the space behind t h e  l i n i n g ,  there  can be a d i r e c t  path between 
ground f loor  and roof space 

Figure BV.13.  Standard masonry cons truc t ion .  

Brickwork Mineral f i b re  i n s u l a t i o n  qu i  lt 
facing 

Breather paper Polyethy lene vapour barr i e r  (waterproof but 
vapour Plasterboard l i n i n g  
permeab Ze 
w i t h  100 mm lap 

SECTION 

hor izonta l  Zy 
1:' Sheathing board o f  9 mm plywood 
L 

(hardboard i s  used as  an a l t e r n a t i v e )  
Breather paper 
fixed by V e r t i c a l  s tuds  o f  t h e  t imber f r m e  through a PVC 
s t r i p  a t  each 
s tud pos i t i on  

Other than a t  t he  panel junct ions o r  where se rv i ces  pene tra te ,  the  
t imber frame pane2 has reasonably good a i r  i n f i l t r a t i o n  c h a r a c t e r i s t i c s .  
However, t here  i s  a body o f  opinion which recommends v e n t i l a t i n g  w i th in  
the  pane2 by means o f  holes  d r i l l e d  i n  t h e  sheathing a t  t op  and bottom. 
In  these  circumstances,  i t  i s  e s s e n t i a l  t o  maintain t h e  c o n t i n u i t y  o f  
the vapour b a r r i e r  

Figure BV.14 .  Standard timber frame cons truc t ion .  



WINDOW AND DOOR COHPONENTS 

There are now many windows (timber, metal and plastic) which are 

weatherstripped to meet 'severe' rating of DD4 (see Section BV.l.l). 

It is not common, however, for external doors to be weatherstripped, 

although at least one manufacturer is offering an insulated, 

weatherstripped, metal reinforced door and frame assembly as an 

"energy efficient" unit. 

Outward opening softwood casement 
window for single glazing, without 
draught-sealing or slot ventilator; 
an economy window unit 

Figure BV. 1 5 .  

Timber window - standard construction. 

115x55 Outward opening softwood casement 
window, suitable for double glazing 

50x65 units, draught-stripped and including 
a controllable slot ventilator in 
the window frame 



7 5 x 5 5  Inward opening, plywood faced 
hollow core door i n  softwood frame 
w i t h  hardwood o i l 2  and weatherbar 

Figure 5V.17. 
130x55 Externa l door - standard cons truc t ion .  

Standard door and frame w i th  
weatherstr ipped head and jambs 
w i t h  a f u l l y  weatherstripped 
s i l l  t o  replace t h e  weather bar 

Many alternative p r o f i l e s  are 
avaiZabZe if t he  weather s ea l  i s  
ab le  t o  be f i t t e d  during 
manufacture 

Figure BV.18. 

External door - modified standard door. 

75x55 S t e e l  faced door f i l l e d  w i t h  
polyurethane foam, w i t h  t imber 
edging, ready hung i n  alwninwn 
frame, complete w i t h  v i n y l  
weathers t r ipping ,  designed for 
s i t e  f i x i n g  i n t o  t imber subframe 

130x55 
Figure BV. 19. 

U External door - "Energy saving" u n i t .  



JUNCTION BETWEEN WINDOW OR DOOR COMPONENTS AND EXTERNAL WALLS 

In the UK the main emphasis at door and window junctions is to prevent 

dampness reaching the interior of the building, rather than to reduce 

air leakage. In Scotland, however, there is a tradition of setting 

the window frame back from the building face, behind the outerleaf of 

brickwork. 

This practice is recommended for both masonry and timber frame 

construction, although the designer should be careful to choose 

window and door components with dimensions that are compatible with 

the satisfactory setting out of the brickwork. A rebated detail at 

the window head is unlikely to be possible if standard steel lintel 

components are used. 

Combined damp proof 
course (dpc);  f i r e  
barr i e r  and l i n t e l  
for both masonry 
leaves 

Mortar j o i n t s  l e f t  
open t o  dra in  
c a v i t y  

SECTION 
D a v p  proof membrane 
(dpml 

S t ra igh t  through 
j o i n t  wi thout  a i r  
sea l 

Plasterboard l i n i n g  

S t e e l  l i n t e l  packed 
w i t h  insuZant t o  avoid 
major co ld  bridges 

Open 'weep holes  ' packed 
w i t h  in su lan t  t o  reduce 
a i r  i n  f i  Z t ra t ion  

Unsealed junct ion 
between l i n i n g  and 
tvindow frame 

Cold bridge a t  window 
revea l  

Frame b u i l t  i n t o  wall  
w i t h  cramps 

Crack a t  junct ion o f  
wal l  f i n i s h  and window 
frame 

PLAN 

Figure BV .20 .  Masonry - standard cons truc t ion .  



- Part cav i t y  insulat ion 

- dpm separate from l i n t e l  

CompressibZe oealing 
s t r i p  above window 
frame, with the 
face pointed with 
sealant 

- Insulation taken behind 
Zinte Z 

Plaster stop bead 
positioned t o  provide 
space for sealant 

Window frame bedded Timber bat ten  f ix ing 
on compressible dpm and window s i l l  
sealing s t r i p  and 
pointed wi th  sealant 

Plaster stop bead wi th  
sealant a t  junction 

Concrete sub- wi th  window s i l l  
s i l l  

Damp Proof Part cav i t y  insulat ion 
membrane (dpml 

SECTION 

Part cav i t y  insu la t ion  

Crmps f i x  frame t o  
b lockwork 

Sealant pointing n 
Frame s e t  back / I  1 l 1  I 

Plaster stop bead s e t  
back t o  provide space 
for sealant 

behind brickwork PLAN 

Improvement made by s e t t i n g  frame behind brickwork, pointing care fu l l y  
wi th  sealant ex ternal ly  and i n t e r n a l l y  between frame and plas ter  stop 
bead 

Figure BV. 21.  Masonry - plas ter  f i n i s h  - improved construction.  



Cavity insu la t ion  

Weep holes 

CompressihZe 
sealing s t r i p  
pointed wi th  sealan 

window frame bedded I 

Combined l i n t e l  providing 
dpc and support for 
masonry 

Insulated pZasterboarcZ 
i n  window reveal t o  
avoid CO ld bridge from 
l i n t e l  - bedded i n  sea- 
Zant u i t h  cover mould 

Cavity f i  l 1  insu la t ion  

on compressib l e  
sealing s t r i p  and 
pointed wi th  sea- Timber bat ten  t o  f i x  
Zan t windot, siZZ and plaster-  

/ board - plasterboard Profi led s t e e l  bedded i n  sealant 

 laster er dab f ixing 

Rigid closed c e l l  
insu ik t ion  board 
fixed t o  back of 
window frame 

Frame s e t  back 
be hind brickwork 

Sealant pointing 

PLAN 

Cavity f i l l  i nsu la t ion  

Fixing crcmrp for window 
frame 

Plasterboard bedded i n  
acoustic  sealant wi th  
cover mould 

Window frame bedded on a compressible seal  and pointed wi th  sealant .  
In terna l l y ,  the  plasterboard should be bedded i n  sealant and firmly 
fixed t o  a timber bat ten  

F i g u r  BV.22.  Masonry - dry l ined - improved construction.  
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GROUND FLOOR J U N C T I O N  WITH EXTERNAL WALL 

Air leakage occurs from the ventilated underfloor space of a suspended 

floor or through gaps between timber frame panels. 

dpm below concrete 

No serious a i r  leakage paths 

Figure B V . 2 4 .  Masonry construction - standard concrete floor. 

S lab 

Crack below s k i r t i n g  allows cold a i r  
t o  reach house from underfloor space 

Floor j o i s t  

Pipe betueen a i r  brick and 
a t  1350 mm underfloor space 

Floor not insulated i n  the  majority o f  UK houses. Considerable 
potent ia l  a i r  i n f i l t r a t i o n  through crack below sk i r t ing  from 
vent i la ted  underfloor space. The continuation of  polyethylene 
across the complete floor i s  not favoured i n  the  UK because 
water spi l lage  cannot drain m a y  

Figure BV.25.  Masonry construction - standard suspended floor. 



Par t ia l  c a v i t y  insu-  
l a t i o n  

High re s i s tance  block 
t o  reduce cold bridge 
e f f e c t  

Heavy duty  polyethy- 
Zene shee t  b u i l t  i n t o  
wall  and f ixed  be low 
f  looring t o  provide 
an a i r  s ea l  

Heavy duty  polyethy lene l i n k s  wall  and f loor t o  provide an a i r  s ea l  

Figure BV.  2 6 .  Improved cons truc t ion  - plas tered  wall  f i n i s h .  

Polyethy lene aeal 
b e b e e n  f l oor  and 
plasterboard d r y  p 
l i n i n g  

UZock w i t h  high 
reoiatance t o  heat - 
flow t o  reduce co ld  
br idge  e f f e c t  

- Possible  con- 

Fibreboard shee t  
a s  support for 
for  f l oor  insu-  

---,,A 
\ l a t i o n  and as 

\ wind b a r r i e r  
Timber b a t t e n  as s u ~ v o r t  

p-.+, 
for  i n s u l a t i o n  

PO l ye thy  lene shee t  bridges gap between plasterboard f i x i n g  b a t t e n  
and f l oor  j o i s t  

Figure BV. 2 7 .  Improved cons truc t ion  - dry l i n i n g  mechanically f i xed .  



Insulat ion q u i l t  Seal provided by bedding 
compressed a t  junction s k i r t i n g  i n  acoustic  sealant 
o f  f  loor and wall t o  a t  wall and f loor 
provide par t ia l  a i r  
sea2 - Tongued and 

grooved flooring 
High res is tance  block - pane 2s 
t o  reduce cold bridge 
e f f e c t  

Venti  Zation t o  under imber batten supporting 
floor space insu la t ion  and wind barr ier  

Floor/waZZ junction sealed a t  s k i r t i n g  

Figure BV .28 .  Improved construction - dry l in ing adhesive f ixed.  

Timber base p k t e  
fixed t o  concrete s lab 

Every 4 
open t o  
cav i t y  

seal  between wall 
and the  i n t e r i o r  

-Cement : sand screed 
on insulat ion board 

++- L~~ proof membrane 

Block for f ix ing holding down 
straps t o  concrete foundation 

k q h o l e s  t o  drain p l+, 
cav i t y  

Potential  a i r  leakage a t  frame junctions 

Figure BV.29. Timber frame - standard f loor construction.  



A i r  seal  a t  pane l junction and polyethy lene overlap 

Figure BV. 30. Improved construction - concrete foundation and S lab. 

Compressible sealing &m turned up a t  edge of 
s t r i p  between frame concrete s lab and extended t o  
and Saae plate 

Cauity t ray  dpm lding down strap cas t  
i n t o  concrete 

Open jo in t s  for 
drainage and ven t i -  
Zat ion 

Closed c e l l  insulat ion 
board 

A i r  sea2 provided a t  panel junction. In addit ion polyethyZene dpm i s  
bui  Z t  i n t o  masonry wa Z Z 

Figure BV. 32 .  Improved construction - masonry foundation. 

F I R S T  FLOOR J U N C T I O N  WITH EXTERNAL WALL 

As the cavity between the inner structure and the brick facing or 

cladding is ventilated, it is important that air leakage paths are 

eliminated where the floor meets the external wall. 

The use of joist hangers to support the floor joists eliminates the 

problems resulting from inadequate sealing around built-in floor joists. 



A i r  i n f i l t r a t i o n  through 
cracks a t  c e i l i n g  and under 
s k i r t i n g  

F-- 
I 
I 
I 
I 

I 
I 

t 

Figure BV .32 .  Standard construction - masonry wi th  p las ter  wall f in i sh .  

-.Electric wiring 

1, 

Heavy duty polyethy Zene seals  gap a t  f loor and ceiZing 

Figure BV.  33. Improved construction - masonry wi th  p las ter  wall f in i sh .  

C 

External a i r  
i s  blown i n t o  
c a v i t y  through 
weep b l e s  
and u n f i l l e d  - 
mortar jo in t s  

I I 

f-\ 
Shrinkage crack 
inev i tab le  between 
plas ter  and c e i l i n g  

Floor j o i s t s  ----' 
buiZt i n t o  
wall 

=I I I l l /  S k i r t i n g  does not f i t  t i g h t l y  t o  
wall or  f Zoor 

Floor boards cannot be f i t t e d  t i g h t l y  
t o  the  wall 

- I 
I - Natural 8hrYinkage i n -  

- 
i' duce8 cracking when space 

/ l  around j o i s t s  f i l l e d  
t with  mortar 

?\ , 
Crack occurs where plasterboard wall 

- .  l in ing meets c e i  l i n g  

A i r  i n f i l t r a t i o n  where plasterboard meets c e i l i n g  and f loor 

Figure BV. 34. Standard construction - adhesive fixed dry l in ing .  



Sealant  used t o  f i l l  gaps a t  c e i l i n g  and where s k i r t i n g  meets the  
wa l l  and f Zoor 

S k i r t i n g  bedded i n  acous t ic  

Figure BY. 3 5 .  Improved cons t ruc t ion  - adhesive f ixed  dry l i n i n g .  

- 

- 

- 

Use o f  j o i n t  hangers 
enableo t h e  masonry- 1- 1 u!!!l-- 

sealant  a t  wall  and f loor  

- - -,. E l e c t r i c  wir ing  

Acoust ic  sea lant  where p las -  
terhoard jo ins  and behind 

Heavy duty  polyethylene b u i l t  i n t o  wal l  a t  l e v e l  o f  j o i s t  hanger and 
f ixed  behind p lasterboard ba t t en  

Figure BV.36. Improved cons t ruc t ion  - mechanically f ixed dry l i n i n g .  



There i s  usuaZZy no 
Zink between the f i r s t  
f loor and ground 
fZoor vapour 
barr iers  

Vapour barr ier  stops 

Floor j o i s t  

Vapour barrier stops here 

In tegr i t y  of vapour barrier broken a t  f i r s t  f loor ZeveZ 

Figure BV.37.  Standard construction - timber frame. 

PO Zyet hy Zene a i r  sea 2 
need not be punctured 
by fZoor j o i s t s  i f  i n  
t h i s  posi t ion 

Danger tha t  condensa- 
t i o n  w i l l  form on ! 
poZyethyZene due t o  
i t s  closeness t o  the  I 

outside a i r  I 
I 
I 

- FZoor j o i s t  

Plasterboard fixed where 
vapour barrier Zaps the 
poZyethy Zene a i r  sea2 

PO Zyethy Zene membrane unpunctured by f Zoor j o i s t s .  There may be 
i n s u f f i c i e n t  insuZation outside the  a i r  sea2 for condensation t o  be 
avoided 

Figure BV.38. Improved construction - a i r  sea2 wi th in  edge beam. 



PolyethyZene s t r i p  
wrapped around in terna l  
face of f  Zoor beam but - 
punctured by f loor j o i s t  
(see ske tch)  

PO lyethy lene broken but stapled t o  s ides  o f  f loor jo i s t3  

Figure BV. 39 .  Improved construction - a i r  seal  on face of edge beam. 

Figure BV.  40.  

Isometric sketch showing the  sealing of 
the  heavy duty polyethylene sheet l ink ing 
the  ground floor and f i r s t  f loor vapour 
barr iers .  PoZyethy lene sheet joined by 
adhesive tape where punctured by floor 
j o i s t s .  

ROOF J U N C T I O N  W I T H  EXTERNAL WALL 

It is essential to improve air leakage at the ceiling/wall junction 

due to the requirements under Building Regulations to ventilate roofs 

at the eaves. The insulation should also be contained and protected 

from ventilation air so as to maintain its insulation value. 



Qui Z t  suscept ib  Ze t o  
l i f t i n g  and Zoss o 
i n s u l a t i o n  value 

Anti-bird -/ Shrinkage crack where 
meets c e i l i n g  

Minimwn cold bridge 

Par t ia l  c a v i t y  i n s u l a  
Vent i  Zation t o  

p Zas t e r  

t i o n  

Shrinkage crack forms a t  c e i l i n g  corner.  There i s  no vapour barr i e r  
a t  c e i l i n g  l e v e l  

Figure BV. 4 2 .  Standard cons truc t ion  - plastered masonry wal 2 .  

r e  wal l  l i n i n g  mee 

Zec tr ic  cab Ze 

created by br i ck  

A i r  leakage where plasterboard meets c e i l i n g .  There i s  no vapour 
barr i e r  a t  c e i  Zing Zeve Z 

Figure BV.42.  Standard cons truc t ion  - masonry waZZ d r y  l i ned .  



Board between r a f t e r s  
contains and protects  
i n s u k t i o n  - also  
maintains v e n t i l a t i o n  
t o  roof space 

Batten seated 
on compressible seal  

PO Zyethy Zene vapour barrier 
behind c e i l i n g  plasterboard 
turned down and fixed behind 

Ven t i la t ion  gap - plas ter  stop bead 

E lec t r i cs  chased i n t o  

Polyethylene vapour barr ier  above c e i l i n g  turned down wall a d  fixed 
behind plas ter  stop bead. Insulat ion retained by a board which 
maintains v e n t i l a t i o n  gap t o  roof space 

Figure BV. 43.  Improved construction - plastered masonry wal l .  

PO lyethy lene turned down 
behind timber bat ten  

Separate f i r e  stop unnecemary 
when mineral f ibre insu la t ion  

Ceil ing vapour barrier fixed behind bat ten  nailed t o  wall plate 
supporting trussed r a f t e r s  

Figure B V . 4 4 .  Improved construction - masonry wall dry l ined.  



376 

Insulation susceptible / 
to lifting and loss of / / 

~ ;/./ ~ ~me. ets ce~ l~ng 

I ~  ~ Vapour barrier stops at 
I] ? \ ~  ~ top of wall panel 

. . . .  " / A II ~sra mesh across ~ / P~I c ~ . . . .  

ventilation gap / L- ~ a-~ --.~re s~op 

Allowance made for / ~  '~__2 
shrinkage of timber-- 
frame and expansion 
of brickwork 

No continuity between wall vapour barrier and ceiling. Roof insulation 
unprotected from uplift 

Figure BV. 45. Standard construction - timber frame. 

Board contains insulation 
and ensures ventilation to 
roof space 

Plasterboard lining fixed 
where wall and ceiling 
polyet~ lene overlap 

Vapour barrier introduced across ceiling and turned down at edges 
to overlap that of the wall panels. Both are secured by the 
plasterboard which is nailed to the timber frame 

Figure BV. 46. Improved construction - timber frame - detail 1. 



e Zectric wiring 

Detail shows c lose  f i t t i n g  
eaves and e l e c t r i c  wiring 

Figure BV.  4 7 .  

Improved construction 
- timber frame - d e t a i l  2 .  

LOFT ACCESS HATCH 

A i r  l eakage  through t h e  l o f t  a c c e s s  h a t c h  ( o r  i s  a  major 

c o n t r i b u t o r  t o  v e n t i l a t i o n  h e a t  l o s s  and t h e  inc idence  of roof space  

condensa t ion .  

18 nun block board pane2 

No seal  where access panel 
meets support battens 

Access panel unsealed - can be l i f t e d  by suction forces i n  the roof 
space 

Figure BV.  48. Standard construction . 

Draught s t r i p  where pane2 
meets bat ten  I 

Insulated board as acces8 
pane Z 

P o l ~ e t h y  Zene vapo& 
barr ier  held behind 
support bat ten  

\ / 
Pane Z k l d  down 
t o  support batten 

Cei Zing po Zyethy Zene securely fixed around hatch - hatch draught 
atripped and held down t o  frame 

Figure BV. 49.  Improved con8truction. 



ELECTRIC FITTINGS IN WALL AND CEILING FINISHES 

The e f f e c t  of s ea l ing  a t  the  perimeter  junc t ions  of bu i  

may be l o s t  un less  holes  formed t o  accommodate e l e c t r i c  

accessory boxes a r e  a l s o  sea l ed .  

l d ing  e  

wir ing  

lements 

and 

Unsealed hole 

,W- 
betueelz room and roof space 

Figure BV. 50.  

Standard construction - c e i l i n g  
l i g h t  f i t t i n g .  

Hole f i l l e d  with sealant from above 

cable d r i  l led t o  compress poly- Figure BV.  51 .  
from above ethylene between 

p l a s t  erboard and Improved construction 
support batten - c e i l i n g  l i g h t  f i t t i n g .  

Standard construction -power o u t l e t  i n  masonry wall 

No special  provisions made. 

/ Gromme 
seal 

Box sealed as cable passes 
through 

Figure BV. 5 2 .  

Improved construction 
- o u t l e t  i n  plastered wall .  



Space between 
e l e c t r i c  box and 
p lasterboard 
f i l l e d  wi th  
acry Zic sealant 

Figure BV.53 .  

Improved construction 
- o u t l e t  i n  dry l ined wal l .  

Standard construction - o u t l e t  i n  timber frame wall 

Iv'o special  provision made t o  seal  the  polyethylene, plasterboard or 
cable entry  t o  power out l e t s .  

The a i r  seal made by applying 
s u f f i c i e n t  sealant t o  the 
cable entry  hole t o  reach the 
break i n  the polyethylene. 
Screws f ix ing the  o u t l e t  box 
should be of a length t h a t ,  
when t ightened,  the  polyethy- 
Zene w i l l  be compressed 

Hole for between the  plasterboard and 

cable f i l l e d  the f ix ing bat ten  

wi th  sealant 

Figure BV. 5 4 .  

Improved construction 
- surface mounted o u t l e t .  

Acry l i e  sealant 
around e Zectric 
box making seal  
wi th  polyethy- 
Zene sheet 

A sealant i s  u8ed t o  el iminate 
a i r  leakage a t  the  junction 
between the  e l e c t r i c  box and 
the  surrounding plasterboard/ 
polyethy Zene. The hole i n  the  
bat ten  for the  cable entry i s  
a lso  sealed 

Hole i n  bat ten  
f i l l e d  wi th  
sealant  Figure BV. 5 5 .  

Improved construction 
- recessed o u t l e t .  



Figure BV. 56 .  

Isometric sketch 
i n  framing. 

showing box recessed 

HOLES FOR DRAINAGE AND PLUMBING SERVICES 

The d i s t r i b u t i o n  of plumbing and d r a i n a g e  s e r v i c e s  throughout  t h e  

b u i l d i n g  r e q u i r e s  h o l e s  t o  be made th rough  t h e  major e lements  ( f l o o r s ,  

r o o f s ,  e t c . ) .  When t h e s e  s e r v i c e s  a r e  enc losed  i n  d u c t s  o r  behind 

k i t c h e n  f i t t i n g s ,  it i s  common f o r  l e s s  c a r e  t o  be t aken  t o  f i t  

f l o o r s  and c e i l i n g s  around t h e  p i p e s  because  they cannot  be seen .  

Th is  is  p a r t i c u l a r l y  s e r i o u s  when p i p e s  p a s s  through a  suspended 

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

Standard construction 

Normal practice i s  for the  drainage stack and the  mains water service 
t o  enter  underground and r i s e  within the building t o  the roof space. 
The drainage stack then penetrates the  roof t o  v e n t i l a t e  the  drain 
and the water pipe supplies the storage tank above the f i r s t  f loor 
c e i l i n g .  The tank i s  s i tuated  here t o  provide s u f f i c i e n t  head of 
water for showers t o  operate under gravity i n  f i r s t  f loor bathrooms. 
Bath overfZows are sometimes taken through the  external  wall d i r e c t  
t o  the  open a i r .  

Improved construction 

I t  i s  advantageous t o  reduce the  penetration of  the  f i r s t  f loor  
ce i l ing .  Consider keeping water storage and d i s t r i b u t i o n  pipework 
below the  c e i l i n g ,  provided sui table  sanitary f i t t i n g s  can be 
se lec ted .  An e f f e c t i v e  seal  must be made between the polyethy Zene 
vapour barr ier  and the  drainage s tack .  

A close f i t t i n g  seal  i s  l e s s  easy t o  achieve a t  f i r s t  f loor l eve l  
where there are o f t e n  a var ie ty  of drain e n t r i e s  i n t o  the  stack.  Care 
should therefore be taken t o  seal bath access panels and duct covers. 

A t  ground f loor l e v e l ,  holes for pipes should be sealed and floor8 
c b s e  f i t t i n g ,  par t icular ly  beneath k i tchen storage f i t t i n g s .  

Bath o v e r f b w s  should be linked d i r e c t l y  wi th  the drain f i t t i n g ,  and 
WC c i s t e r n  overflows dischnrrged e i t h e r  i n t o  the pan or t o  an 
a l t e rna t i ve  v i s i b l e  posi t ion.  
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BVI.l B U I L D I N G  CODE STANDARDS IN THE UNITED STATES 

There are a number of building codes in use in the United States and 

these are based on four model codes. The Southern Building Code is 

used predominantly in the Southeast; the Uniform Building Code in the 

West and Midwest; the National Building Code in the Eastern United 

States and the BOCA Code in the Midwest and Northeast. These are 

general regions of application since ultimately the responsibility 

for code choice lies with the states and localities. These governing 

bodies can and do develop their own codes based upon the model codes 

and their state or local special building regulations. This has 

resulted in more than 2000 individualized codes; however, the main 

building requirements tend to be rather close. To aid in the 

standardization process there is a National Conference of States on 

Building Codes and Standards and the Council of American Building 

Officials. 

Building codes in the past have primarily been concerned with public 

health and safety, types and quality of construction, material 

selection, administration and enforcement of the code. More recently, 

through energy-related recommendations as found in ASHRAE Standard 

90-75, efforts have been made to emphasize items such as insulation 

and building tightness. Some 46 states have adapted requirements 

based on Standard 90 into their building codes. Federal incentives 

have promted this action. Thus although the standard recommends 

national insulation levels, it is up to the locality and states to 

incorporate and enforce the standard into their codes. Ultimately the 

benefits depend on the understanding and enforcement of the energy- 

related recommendations by the local inspectors. 

The recommendations found in ASHRAE 90-75 are now being incorporated 

into the model codes. The general reference for building code 

activities in the United States is the National Conference on 

Building Codes and Standards, Energy Programs Division, 481 Carlisle 

Drive, Herndon, Va. 22070, telephone (703) 437-0100. 



BVI.2 CLIMATE 

The weather in the United States encompasses that found in the 

northern extremes of Europe to that found in tropical areas of the 

world. Six air masses influence the weather at various times of the 

year and at various locations within the United States. Maritime 

polar flow from the Atlantic and the Pacific oceans as well as a 

continental polar flow are the sources of the colder weather patterns. 

Maritime tropical flows from Atlantic Gulf of Mexico and Pacific 

ocean sources and continental tropical winds control the warmer 

weather patterns. The flow of the North American jet stream is one 

influence as to the local dominance of the six air masses. Not only 

do the air masses influence temperature and humidity, but many areas 

of the United States experience abrupt changes in weather as they 

become controlled by one pattern or the other. The most severe air 

mass interactions result in such events as tornadoes where a severe 

cold front collides with a mass of hot humid air normally over the 

central United States, where the land is relatively flat. 

This highly variable weather means that there are some areas in the 

United States with no heating degree days (but with a high cooling 
X 

loads) and other areas with heating degree days greater than 6000 

The average value is closer to 3000 but even two cities with 

identical values may present a contrast in the pattern of the heating 

season. For example winter in the Pacific Northwest tends to be 

prolonged but temperatures rarely drop below freezing. Similar degree 

days are encountered on the East coast but winters are shorter but more 

severe with temperatures dropping to about -18'~ for short ~eriods. 

This variety of climate is illustrated in Figure BVX.la-BVI.lc which 

characterize 12 American cities. The background data to the plots are 

described in Chapter A6. The extremes between Miami, Florida and 

Minneapolis - St. Paul, Minnesota are very evident. The differing 

winter patterns for similar heating degree days are illustrated by 

Portland, Oregon and Allentown, Pennsylvania weather plots. Portland 

weather is controlled by Pacific Maritime air flows whereas the 

extremes in Minneapolis are traced to continental polar flow in 

winter and maritime tropical for brief periods in the summer. The 

winter in Allentown changes rapidly depending upon whether continental 

polar or maritime tropical from the Gulf of Mexico is controlling. 

X 
For method of calculating degree days, see section A6.2 and Table A6.1. 
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ALLEIiTOWN, Pennsylvania 
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ALBANY, New Jer8ey 
42'45 ' N ,  73'48 ' W ,  e l e v .  84 m 

GRAND RAPIDS, Michigan 
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Figure B V I .  l .  

Temperature, wet bulb temperature and wind speed 
a t  twelve d i f f e r e n t  places i n  t he  United S t a t e s .  



This flow of Gulf air tends to dominate the summer for the Eastern 

United States making the summers hot and humid. Two examples are Miami 

and Birmingham, Alabama. To a lesser extent these influences are felt 

in Akron, Ohio and Allentown, Pennsylvania. Western cities experience a 

higher temperature but drier summer, e.g. Sacramento, California; 

Dallas, Texas; Albuquerque, New Mexico and even Lincoln, Nebraska. 

BVI.3 DWELLING CONSTRUCTION IN THE UNITED STATES 

BVI.3.1 The b u i l d i n g  envelope and the  housing stock 

Throughout the United States the residential building envelope takes 

many forms. Although wood-frame construction is by far the predominant 

national building choice, certain areas of the country, particularly 

the southeast, are dominated by masonry construction. Still other 

areas, the southwest, for example, have other building techniques in 

evidence such as adobe block construction. Climate and moisture 

considerations are largely responsible for these local envelope 

preferences including the choice of window system. The discussion in 

this section will be mainly concerned with the predominant wood-frame 

construction. Details of other construction methods will be added 

where pertinent. Component contributions to air leakage such as 

window construction details will be added to the more general envelope 

construction details as a separate section. 

UNITED STATES HOUSING STOCK 

The United States 1975 annual housing survey placed the total number 

of occupied houses at about 73 million with conventional single-family 

homes at about 47 million, multi-family housing at 20 million, three 

million townhouaes and three million mobile homes. Because of their 

number, the emphasis here will be on single-family homes. 

The single-family housing may be catalogued by architectural styles. 

Some of the past architectural influences in the US such as English, 

Georgian, Norman, Dutch, etc., do not prove very helpful. However, 

the catagories of Ranch, Colonial, Cape Cod, Victorian and Split-Level 

do provide more useful information and are illustrated in Figure 

BVI.2. 



Colonial s t y l e  

Colonial - f loor plan 

Cape Cod o t y l e  

Cape Cod - f Zoor plan 

Victoriun s t y  Ze 

Victorian - f loor plan 

Split-Levc Z s t y l e  
!. . ..". 

Split-LeveZ - f loor plan 

Ranch s t y l e  

Ranch - f Zoor p Zan 

Figure BVI. 2 .  The var ie ty  o f  housing s t y l e s  most comon i n  the United 
S ta tes .  



More t h a n  70 p e r  c e n t  of  t h e  s i n g l e - f a m i l y  homes a r e  one s t o r e y .  The 

ranch  s t y l e  i s  t h e  most common i n  t h e  US. These homes have o f t e n  been 

c l o s e l y  a s s o c i a t e d  w i t h  l a r g e  g l a s s  w a l l  a r e a s .  The h i g h e r  r a t i o  of  

s u r f a c e  a r e a  t o  volume makes t h e  envelope d e s i g n  even more important  

(about  35 p e r  c e n t  more) than  t h e  two-storey houses .  C o l o n i a l  and 

Cape Cod house d e s i g n s  r e p r e s e n t  22 p e r  c e n t  of s i n g l e - f a m i l y  two- 

s t o r e y  homes. Whereas t h e  ranch  s t y l e  homes a r e  popu la r  throughout  

t h e  US, t h e  two-storey homes a r e  more commonly found i n  c o o l e r  

c l i m a t e s  such  a s  t h e  n o r t h e a s t .  These d e s i g n s  u s u a l l y  have basement 

t o  accommodate t h e  h e a t i n g  sys tem and h i g h e r  p i t c h e d  r o o f s  t o  a i d  

snow removal. Of ten t h e  Cape Cod d e s i g n  i s  c o n s i d e r e d  a s  one and 

one-half  s t o r e y s  because  of  t h e  dormers .  The dormers a r e  a  p o s s i b l e  

s o u r c e  of a d d i t i o n a l  a i r  i n f i l t r a t i o n  because  of complex s u r f a c e s  and 

c o r n e r s  i n  t h e  c o n s t r u c t i o n .  

Of t h e  7 p e r  c e n t  of t h e  housing n o t  covered by one and two-storey 

house s t y l e s  most would be e i t h e r  s p l i t - l e v e l  o r  t h e  V i c t o r i a n  t y p e .  

The V i c t o r i a n  d e s i g n ,  t h r e e  o r  f o u r  s t o r e y s  i n  h e i g h t ,  r e p r e s e n t s  

a n o t h e r  b u i l d i n g  e r a  of h i g h e r  c e i l i n g s  ( 3  metres  o r  s o ) ,  bay windows, 

dormers and g e n e r a l l y  l a r g e r  houses .  Even though t h e s e  f e a t u r e s  l e a d  

t o  h i g h e r  h e a t i n g  l o a d s ,  h i s t o r y  has  l o c a t e d  t h e s e  houses  p r i m a r i l y  

i n  t h e  c o l d e r  a r e a s  of t h e  US. In c o n t r a s t ,  s p l i t - l e v e l  houses  have 

g e n e r a l l y  been b u i l t  i n  t h e  l a s t  20 y e a r s  and t end  t o  be  of  t i g h t e r  

c o n s t r u c t i o n .  They have a  p a r t i a l  basement because  of t h e  b a s i c  s p l i t -  

l e v e l  d e s i g n .  Heat l o s s  p a t h s  th rough  w a l l s  o r  f l o o r  t o  a  ga rage  a r e  

a l s o  common. Two a t t i c s  a r e  t y p i c a l  w i t h  one a d j a c e n t  t o  t h e  e x t e r i o r  

w a l l  o f  t h e  s t o r e y  t h a t  i s  one h a l f  l e v e l  above.  

TYPICAL BUILDING ENVELOPE CONSTRUCTION PRACTICES 

Using t h e  frame c o n s t r u c t i o n  a s  t h e  p r i n c i p a l  example, t h i s  s e c t i o n  

d e s c r i b e s  c u r r e n t  i n s u l a t i o n  and vapour  r e t a r d e r  ( b a r r i e r )  

i n s t a l l a t i o n  p r a c t i c e .  Because of a  v a r i e t y  of b u i l d i n g  codes  and 

l o c a l  i n t e r p r e t a t i o n s ,  c o n s i d e r a b l e  v a r i a t i o n s  can be expec ted  from 

one a r e a  t o  a n o t h e r  i n  t h e  US. 

F i g u r e  B V I . 3  i l l u s t r a t e s  a  t y p i c a l  c r o s s - s e c t i o n  of a two-storey US 

house w i t h  p l a t f o r m  c o n s t r u c t i o n .  Th i s  form of c o n s t r u c t i o n  h a s  been 

predominant f o r  t h e  p a s t  40 y e a r s .  A d d i t i o n a l  a i r  l e a k a g e  problems 

a r e  encoun te red  by t h e  c o n s t r u c t i o n  f e a t u r e s  between f l o o r s .  I n  t h e  



roof 

Sheathing Vapour barr ier  on blanket insulat ion 

Band j o i s t  no insu la t ion  
Fel t  paper e r  

Shingles 

No vapour barr ier  
Doub Ze wood 
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Window ._ 
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no insulat ion or  vapour barr ier ,  
hoZlow block common 

Figure B V I . 3 .  A two storey house cross sec t ion ueing the  predominant 
p l a t  f orm cons t m c t i o n .  

figure, the single-storey house can be represented by the upper storey 

construction alone. Normally the walls consist of 2" by 4" studs 

(the actual stud size is approximately 4 cm X 9 cm) placed -40 cm on 
X 

centre . Normally, glass fibre insulation with attached vapour 
retarder (barrier) is stapled between these studs. The detail of this 

is shown in Figure BVI.4a. Attachment of the vapour retarder to the 

studs is accomplished with staple gun or hammer. The staples are 

X 
2" X 6" studs (4 cm X 14 cm) placed -60 cm on centre has received 
recent attention in the Arkansas Home. This design allows the 
standard ceiling insulation (15 cm thick) to be used in the wall 
cavity. 





f i r e d  i n t o  t h e  sides of t h e  s t u d  s o  t h a t  t h e  s t u d  i s  n o t  obscured 

when t h e  s h e e t  r o c k  crew adds  t h e  i n s i d e  w a l l  m a t e r i a l .  

Problems r e s u l t  from s t a p l i n g  t o  t h e  s i d e s  of t h e  s t u d s .  Between each  

s t a p l e  gaps occur  ( c a l l e d  "fishmouths") making t h e  vapour r e t e n s i o n  

f e a t u r e  ex t remely  q u e s t i o n a b l e .  The sum of t h e s e  gaps over  t h e  w a l l  

s u r f a c e  means t h a t  many s q u a r e  c e n t i m e t r e s  of l eakage  a r e a  a r e  

p r e s e n t .  I f  t h e  l e n g t h  of  i n s u l a t i o n  i s  n o t  a c c u r a t e l y  measured 

a d d i t i o n a l  gaps may be p r e s e n t  a t  t h e  t o p  o r  bottom of  each  s t u d  

c a v i t y .  I n  t h e  piecework n a t u r e  of t h e  i n s u l a t i o n  b u s i n e s s  gaps 

r e a d i l y  o c c u r ,  e s p e c i a l l y  around e l e c t r i c a l  boxes and w i r i n g  u s u a l l y  

found e v e r y  2 m e t r e s  i n  t h e  o u t s i d e  w a l l .  The a i r  t i g h t n e s s  

performance of  t h e  w a l l  under t h i s  c o n s t r u c t i o n  p rocedure  i s  ve ry  

much a q u e s t i o n  of how w e l l  t h e  gypsum board i t s e l f  ( i n c l u d i n g  t h e  

p a i n t e d  s u r f a c e )  s e a l s  t h e  a i r  l eakage  p a t h s .  C r i t i c a l  l e a k  l o c a t i o n s  

a r e  a l o n g  t h e  w a l l - f l o o r  j o i n t ,  openings  a s s o c i a t e d  w i t h  e l e c t r i c a l  

boxes and l i g h t i n g  f i x t u r e s  and t h e  permeance of t h e  w a l l  s u r f a c e  

i t s e l f .  

An a l t e r n a t i v e  w a l l  c o n s t r u c t i o n  t e c h n i q u e  t h a t  i s  more common i n  t h e  

c o l d e r  r e g i o n s  of t h e  US makes use  of f r i c t i o n  f i t  g l a s s  f i b r e  

i n s u l a t i o n  ( s l i g h t l y  o v e r s i z e d  s o  t h a t  i t  ho lds  i n  t h e  p l a c e  between 

t h e  s t u d s )  i n  t h e  s t u d  c a v i t i e s  and t h e n  adds  a  4  t o  6 m i l  (0 .1  t o  

0.15 mm) p o l y e t h y l e n e  vapour b a r r i e r  s t a p l e d  o v e r  a n  e n t i r e  w a l l  

s u r f a c e .  D e t a i l s  a r e  shown i n  F i g u r e  BVI.4b. 

Reviewing t h e  e n t i r e  w a l l  a s  shown i n  F i g u r e  BVI.3, it i s  ve ry  e v i d e n t  

t h a t  between t h e  vapour b a r r i e r  l o c a t i o n s  f o r  each  f l o o r  t h e r e  e x i s t s  

c r i t i c a l  zones ,  t h e  band j o i n t s ,  where no vapour b a r r i e r s  a r e  p r e s e n t .  

I n  t h e  m a j o r i t y  of e x i s t i n g  hous ing ,  t h i s  h o r i z o n t a l  zone,  which 

su r rounds  t h e  house ,  has  l i t t l e  o r  no i n s u l a t i o n .  Thus, condensa t ion  

problems may be expec ted  a s  w e l l  a s  l eakage  problems. Th i s  i s  

p a r t i c u l a r l y  t r u e  f o r  houses  where humidi ty  i s  added d u r i n g  t h e  

h e a t i n g  s e a s o n ,  o f t e n  t o  l e v e l s  of 50 p e r  c e n t  RH o r  even h i g h e r  i n  

t h e  l i v i n g  space .  

The c o n s t r u c t i o n  f e a t u r e s  of  many e x i s t i n g  and even new b u i l d i n g  i n  

t h e  US has  caused a  v a r i e t y  of  a i r  l eakage  problems t o  e x i s t  a t  t h e  

c e i l i n g  l e v e l .  A s  shown i n  F i g u r e  BVI.5, l eakage  a t  t h e  t o p  of  t h e  

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

i n  t h e  s t u d  w a l l ,  i . e .  t h e  vapour b a r r i e r  ends  a t  e i t h e r  s i d e  of t h e  



Figure B V I .  5 .  Comon a i r  e x f i l t r a t i o n  paths from t he  l i v i n g  space a t  
t h e  upper port ions o f  t h e  house: ( 1 )  around f lue  and 
plumbing s t a c k ,  (2) through t h e  i n s u l a t i o n ,  ( 3 1  above 
s o f f i t  c e i l i n g s ,  ( 4 1  around e n t r i e s ,  ( 5 )  penetra t ions  
i n  ou te r  waZls and eaves ,  ( 6 1  leakage up through 
in tem'or  u a l l s  and e l e c t r i c a l  systems and ( 7 )  rccesoed 
l i g h t s .  

w a l l  o r  i s  o n l y  l o o s e l y  i n  p l a c e  above t h e  i n t e r i o r  w a l l .  A s  shown i n  

t h e  f i g u r e ,  a  number of  o t h e r  l eakage  s i t e s  a r e  q u i t e  common. These 

i n c l u d e  r e c e s s e d  l i g h t i n g ,  openings  around v e n t  p i p e s  and f l u e s ,  

a c c e s s  doors  t o  t h e  a t t i c ,  and above s o f f i t  c e i l i n g s  and s t a i r c a s e  

c e i l i n g s  where t h e  c e i l i n g  s u r f a c e  has  been s e p a r a t e d  from t h e  vapour 

b a r r i e r  and a i r  movement i s  th rough  t h e  "fishmouths".  The i t e m  l i s t e d  

a s  ( 2 )  i n d i c a t e s  a  c o n n e c t i v e  loop where t h e  a i r  may never  e n t e r  t h e  

l i v i n g  space  but  can s t i l l  r e s u l t  i n  s i g n i f i c a n t  h e a t  l o s s .  

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

of  t h e  i n s u l a t i o n / v a p o u r  b a r r i e r  i s  shown i n  F i g u r e  B V I . 6 .  Three 

methods of i n s t a l l i n g  b l a n k e t  i n s u l a t i o n  i n  c e i l i n g s  a r e  shown: 

1 )  l a y i n g  t h e  vapour b a r r i e r  f a c e d  i n s u l a t i o n  i n  from above,  when t h e  

c e i l i n g  m a t e r i a l  i s  i n  p l a c e ;  2 )  s t a p l i n g  from below; o r  3 )  i n s t a l l i n g  

unfaced f r i c t i o n - f i t  b l a n k e t s  between t h e  c e i l i n g  j o i s t s  w i t h  a  



Stapled t o  s ide 
board \ o f  c e i l i n g  r a f t e r  

Figure BVI .  6. Three methods o f  instaZZing c e i l i n g  insu la t ion:  
( 1 )  vapour barr ier  faced inoulat ion  i n s t a l l e d  from 
above, (2) stapled from below, and ( 3 )  unfaced 
f r i c t i o n  f i t  blankets  wi th  separate vapour barr ier .  

s e p a r a t e  vapour b a r r i e r .  The c e i l i n g  j o i s t s  a r e  t r a d i t i o n a l l y  s i z e d  

a s  2" X 8" ( 4  X 1 9  cm) and 2" X 6" ( 4  X 1 4  c m ) ,  o r  even 2" X 4" 

( 4  X 9 cm) where t r u s s  c o n s t r u c t i o n  s u p p l i e s  t h e  s u p p o r t .  

BVI.3.2 Improved construction methods t o  achieve envelope tightness 

I n  t h e  y e a r s  f o l l o w i n g  t h e  f i r s t  o i l  c r i s i s  t h e r e  has  been an 

i n c r e a s i n g  emphasis on c o n t r o l l i n g  a i r  i n f i l t r a t i o n  i n  a  v a r i e t y  of 

US b u i l d i n g s .  Cos t -benef i t  a n a l y s i s  p l a c e s  t h i s  i t em h i g h  on t h e  

energy s a v i n g  l i s t .  A number of common f e a t u r e s  a r e  p r e s e n t  i n  t h e  

b e t t e r  c o n s t r u c t i o n  p r a c t i c e s .  One i s  a  consc ious  e f f o r t  t o  c o n t r o l  

a i r  i n f i l t r a t i o n  by c a r e f u l l y  planned approaches  i n  t h e  c o n s t r u c t i o n .  

The use  o f  a  p o l y e t h y l e n e  a i r / v a p o u r  b a r r i e r  h a s  become much more common. 

These and o t h e r  d e t a i l s  w i l l  be  d i s c u s s e d  i n  t h e  s e c t i o n s  t h a t  f o l l o w .  

THE IMPORTANCE OF THE WALL 

One c o n s t r u c t i o n  i t e m  t h a t  had n o t  been g iven  adequa te  a t t e n t i o n  was 

t h e  w a l l  l eakage  s i t e s  and p a r t i c u l a r l y  how t h e  w a l l  j o i n e d  o t h e r  

c o n s t r u c t i o n  e lements .  S e n s i t i v i t y  t o  t h e s e  problems has r e s u l t e d  i n  

use of c a u l k i n g  and s i l l  s e a l e r  where f l o o r  and w a l l  meet.  One 

b u i l d i n g  group makes e x t e n s i v e  use  of s i l l  s e a l e r  ( a  g l a s s  f i b r e  o r  

open c e l l  foam s t r i p  approximately  8 cm wide and 1 cm t h i c k ) .  Not 

on ly  i s  i t  used between t h e  masonry and t h e  wood s i l l  p l a t e  around 



the perimeter of the house, it is also used on top of the platform 

construction, between other wood members and between sections of the 

wall as they are erected into place. These applications of the sill 

sealer are illustrated in Figure BVI.7 together with the builder's 

instruction for use. The method attempts to eliminate gaps of a few 

millimetres. 

L 
Floor j o i s t  

INFILTRATION BARRIER 

I n f i l t r a t i o n  barr ier  or gasket material w i l l  be used on a l l  through 
jo in t s  as followtr: 

a.  betueen foundation wall and framing 

b. between mud s i l l  and r ing  j o i s t  

c. between top of deck and bottom plate of ex ter ior  walls  

d. between top plates  and r ing j o i s t s  

e .  betueen top plate and double plate of knee walls  

f .  between a l l  v e r t i c a l  panel jo in t s  of ex ter ior  walls  including ------- 
corners 

g. between concrete f loor and bottom plate  of f i r e  walls 

h. between end studs o f  f i r e  wall and foundation 

i. a t  any other through jo in t  between conditioned and unconditioned 
spaces 

Figure B V I .  7 .  Builders ins t ruc t ions  on the  application of s i l l  
sealer i n  wall application wi th  sketch.  



The n e x t  p rocedure  t o  reduce w a l l  leakage concerns  t h e  band o r  r i n g  

j o i s t .  T h i s  c r i t i c a l  a r e a  i s  p r e s e n t  i n  t h e  s i n g l e - s t o r e y  house j u s t  

benea th  t h e  p l a t f o r m .  F i g u r e  B V I . 8  i l l u s t r a t e s  t h e  p lacements  of 

s p e c i a l l y  c u t  b a t t s  i n  t h e  band j o i s t  a r e a  and ,  i n  t h i s  c a s e  of a n  

unheated crawl  space  o r  g a r a g e ,  t h e  placement of  t h e  vapour  b a r r i e r  

on t h e  f l o o r  i n s u l a t i o n  t o  minimize a i r  and h e a t  l e a k a g e .  The 

impor tan t  p o i n t  t o  remember i s  t h a t  i n  m u l t i - s t o r e y  c o n s t r u c t i o n  t h e  

a i r  l eakage  problems a t  t h e  band j o i s t  a r e  r e p e a t e d  a t  each f l o o r  

l e v e l .  Hence c a r e f u l  f i t t i n g  o f  t h e  vapour  b a r r i e r  i s  n e c e s s a r y .  Some 

of t h e  most knowledgeable b u i l d e r s  a r e  u s i n g  a i r  i n f i l t r a t i o n  paper  

FLOORS 

Band/ring j o i s t  

ated area above 

CRAWL SPACE GARAGE 

Figure BVI .8 .  Treatment of the  band j o i s t  wi th  a 8peoiaZZy out ba t t  
and vapour barrier backing including floor insulat ion 
above an unheated area wi th  vapour barrier t o  reduce 
a i r  i n f i  l t ra t i on .  



on t h e  o u t s i d e  of t h i s  c r i t i c a l  a r e a .  F i g u r e  B V I . 9  i l l u s t r a t e s  t h e  use  

of t h i s  paper  t o  reduce wind p e n e t r a t i o n  a t  t h e  b a n d l r i n g  j o i n t .  Some 

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

t o  s i d i n g  i n s t a l l a t i o n .  

A I R  INFILTRATION PAPER 

Tradit ional  houses - a i r  i n f i l t r a t i o n  paper sha l l  be i n s t a l l e d  by 
the  lumber yard a t  the base o f  a l l  f u l l  height panels. This material 
sha l l  be used t o  cover r i n g  j o i s t  areas as i n  sketches 

SKETCH A SKETCH B 

Pane l 

Paper nailed 10 
under sheathing 

SKETCH C 

Paper must not p-7 

Adhesive 

In f i  l t r a -  
t i o n  paper 

Figure B V I . 9 .  A i r  i n f i l t r a t i o n  paper added t o  reduce leakage a t  the  
band j o i s t  where sketch A shows the  sheathing, sketch B 
conventional band j o i s t  and sketch C the band j o i s t  and 
can t i l ever  construction.  



Where i n t e r i o r  w a l l s  ( o r  wing w a l l s )  j o i n  t h e  e x t e r i o r  w a l l s ,  

a d d i t i o n a l  a i r  i n f i l t r a t i o n  p o s s i b i l i t i e s  a r e  p r e s e n t e d .  The w a l l s  

a r e  covered w i t h  0 . 1  mm o r  0 .15  mm p o l y e t h y l e n e .  The p a r t i t i o n  w a l l s  

a r e  t r e a t e d  a s  shown i n  F igure  B V I . l O .  

The use  of  a  low p e r m e a b i l i t y  vapour b a r r i e r  i s  c r i t i c a l  i n  t h e  

achievement of  low a i r  i n f i l t r a t i o n  r a t e s  i n  t h e  home. F i g u r e  BVI.10 

i l l u s t r a t e s  some of  t h e  d e t a i l s  of f i t t i n g  t h e  0 . 1  mm - 0.15 m 

p o l y e t h y l e n e  vapour b a r r i e r .  D e t a i l e d  i n s t r u c t i o n s  va ry  from b u i l d e r  t o  

Area o f t en  miooed i n  the 
Wall ex ter ior  ( inoir2nLion process 

Sheet rock Vapour 
barr ier  
broken a t  - I n t e r i o r  par t i t ion  
par t i t ion  

Wall ex ter ior  

Continuous Part i t ion  secured t o  floor 
vapour b a m i h l  and t o  outside c e i l i n g  wall no need t o  na i l  

In ter ior  ,,*A 

par t i t ion  

In order t o  achieve the  coutinuous vapour barr ier  free from the  
problems of i n t e r i o r  par t i t ion  walls  on US custom builder (G. Ledger, 
New Hampshire, Massachusetts) i s  completing the  i n t e r i o r  surfaces 
prYior t o  adding the  i n t e r i o r  walls .  Not only does t h i s  el iminate the  
gap i n  the  vapour barr ier ,  i t  also  el iminates two studs a t  each 
in tersec t ion  a d  the  insu la t ion  gap t h a t  i s  o f t e n  present where the  
i n t e r i o r  par t i t ion  joins the  ex ter ior  wall .  The same basic approach 
i s  used t o  make cer ta in  the  c e i l i n g  does not have gaps i n  the vapour 
barr ier  

Figwe BVI .10 .  Eliminating leaks where a  par t i t ion  or wing wall meet8 
the  ex ter ior  waZZ. 



builder. Typically the film is installed to overlap the floor and the 

ceiling rafters above by at least 5 cm. Where the polyethylene vapour 

barrier is used over the crawl space floor the overlap is 60 cm with 

a gravel cover used to hold it firmly in place. The barrier extends 

15 cm up the exterior walls. Figure BVI.ll shows the relative 

placement of the vapour barriers (red lines) and includes the 

additional treatment of the crawl space walls with glass fibre 

insulation. 

Figure BVI.12 further illustrates the path of the vapour barrier in 

crawl space and slab on grade construction. In the arrangement shown 

15 cm wall insulation and wiring raceways have been used in the 

walls. 

Moving to the upper portion of the house there is disagreement in the 

building community as to whether a vapour barrier should be used on 

the ceiling. Figure BVI.13 indicates use of a polyethylene vapour 

barrier overlapped at the corner of wall and ceiling. Other building 

groups have used a well-vented attic (using the ridge vent system) 

and eliminated the ceiling vapour barrier. The reasoning was that 

measured air infiltration rates were between 0.2 and 0.5 air changes 

per hour (down a factor of 3 from an untreated house) and that 

further reduction would require use of mechanical ventilation. 

Furthermore, elimination of the ceiling vapour barrier avoids excessive 

humidity since 25-50 per cent RH levels can be maintained throughout 

the winter without the ceiling barrier. Use of mechanical ventilation 

in bathroom or kitchen meant 18 hour's a day operation in one series 

of houses that had tight wall and ceiling construction. 

The complete vapour barrier treatment as shown in Figure BVI.13 

further limits weather effects on the house and moves the 

infiltration rate into the 0.1 ac/h level. The use of air-to-air heat 

exchangers to recover heat while providing the necessary ventilation 

air then becomes feasible from an economic standpoint. 

Wall systems in some of the low energy, tightly-constructed homes use 

a double wall. One builder who has constructed a number of such homes 

is placing the continuous polyethylene vapour barrier as shown in 

Figure BVI.14. Carefully planning each step of the operation ensures 

that the vapour barrier is installed to completely cover the wall. 



Insulated r ing  ~ i t h  

Vapour barrier 
l 5  cm up wall 

turns  

Figure B V I .  11. Use of vapour barr iers  i n  the crawl space and basement 
areas t o  el iminate a i r  and moisture penetration. 

( 4x14 cm s tuds ,  60  cm 0.0. 

15 cm f r i c t i o n  f i t  insuZation 

r 4x14 cm s tuds ,  60 cm 0.c.  

Wiring, 
raceway 

Caulk 

4 cm methane 
Vapour barrier 

I grade 

W Ground c o v e 4  

insu la t ion  

G 
L ~ a 8 e  course 

CRAWL SPACE CONSTRUCTION (IIISULATION) SECTION THROUGH SLAB 

Figure BVI. 12 .  Vapour barr ier  use i n  the  lower portions o f  the house. 



Figure BVI. 13. Vapour barr ier  used t o  prevent a i r  e x f i  Ztrat ion 
through the  c e i l i n g  area. 

It should be stated that none of the approaches shown in the 

construction methods reviewed here will succeed unless constant 

inspection takes place throughout construction. Of particular 

importance is the attention to detail. The extensive use of adhesives, 

caulking, foams, glass fibre, and special construction techniques 

where electrical, plumbing, windows, and vents pass through the 

building envelope is critical to the success of the overall concept. 

Such local air leakage sites, when untreated, have resulted in local 

moisture problems and thereby provided ammunition to the critics of 

tight construction house designs. 



5x9 cm stud walls  Continuous vapour barrier 

MetaZ t i e s  - typ .  5x24 cm f loor j o i s t s  

2 %  cm polystyrene 

F i  l l ed  wi th  insulat ion 
o i n t  using acous 
eaZant ( t y p i c a l )  

5 cm polystyrene 

The double waZZ sect ion shown i n  the figure i s  made 'up of  two ~ e p a r a t e  
walls .  Where windows and doors are present i n  the wall the inner and 
outer walls  are connected together.  Metal strapping i s  used t o  t i c  the 
walls  together where necessary a t  other locations.  The placement of 
the  vapour barr ier  i s  c r i t i c a l  and considerable care i s  taken t o  make 
it t r u l y  continuous. Special notes are added a t  each of  the  c r i t i c a l  
locations on the  diagram 

Figure B V I . 1 4 .  The use of a continuous vapour barr ier  i n  one version 
of double wall house design. 

BVI.3:3 Chosing other envelope components 

Components t h a t  can i n f l u e n c e  a i r  l eakage  i n c l u d e  windows, d o o r s ,  

v e n t s ,  f a n s ,  l i g h t i n g  and f o l d i n g  s t a i r s .  Care must be t a k e n  i n  t h e  

component s e l e c t i o n  t o  avoid  n e g a t i n g  t h e  t i g h t n e s s  improvements i n  

t h e  envelope c o n s t r u c t i o n  p r e v i o u s l y  d i s c u s s e d .  

WINDOW DESIGNS 

Window d e s i g n s  v a r y  wide ly  o v e r  t h e  US. Examples of t h e  v a r i e t y  a r e  

shown i n  F i g u r e  BVI.15. U n f o r t u n a t e l y ,  t h e  c h o i c e  o f  windows has  

o f t e n  had l i t t l e  t o  do w i t h  low leakage  d e s i g n .  Older  homes have 

tended t o  use  t h e  double-hung window t y p e  which t e n d s  t o  be one of 



Fixed l i g h t  

Ver t i ca l l y  pivoted 
- central  

Top-hung or 
project-out 

Horizontally s l id ing  

Fixed Ziaht over casement or 
sub- 

ver t i ca l l y  pivoted 
2 / 3  out :  1 / 3  i n  

Rorizontally 
pivoted 

Ver t i ca l l y  s l i d i n g  

Figure B V I . 1 5 .  The var ie ty  o f  window designs use i n  US b u c i n g  t e s t s .  

t h e  l e a k i e s t .  Modern C o l o n i a l  home d e s i g n s  c o n t i n u e  t o  use  t h i s  

window d e s i g n  ( a s  do many o t h e r  new houses)  and it  remains a  common 

window c h o i c e  i n  t h e  US. S l i d i n g  s e a l s  a r e  p a r t  of t h e  l eakage  

problem, t o g e t h e r  w i t h  t h e  l eakage  per imete r  which i s  l a r g e  compared 

t o  t h e  window a r e a .  

A t  t h e  o t h e r  extreme of a i r  t i g h t n e s s ,  casement and awning-type 

windows, where t h e  s e a l s  a r e  compressed t h u s  l i m i t i n g  l e a k a g e ,  a r e  



f i n d i n g  wider  use  i n  contemporary home d e s i g n s  and a r e  today t h e  

l e a d i n g  window c h o i c e  based upon t h e  l a t e s t  US windows i n d u s t r y  d a t a .  

Between t h e s e  two ex t remes ,  s l i d i n g  windows and o t h e r  window 

combina t ions ,  a s  shown i n  F i g u r e  BVI.15 a r e  p o s s i b l e  c h o i c e s .  To 

i l l u s t r a t e  t h e  ext remes i n  c h o i c e s ,  one window system common i n  t h e  

warmest US l o c a t i o n  i s  t h e  j a l o u s i e  window. T h i s  window d e s i g n  f a r  

exceeds  t h e  l eakage  r a t e s  of  double-hung windows s i n c e  g l a s s - t o - g l a s s  

s e a l i n g  i s  used and t h e  s e a l i n g  p e r i m e t e r  i s  extremely l a r g e  because  

of t h e  many l o u v e r  window p i e c e s .  

As p o i n t e d  o u t  i n  a  s tudy  of t e s t  l a b o r a t o r y  v s  a c t u a l  o n - s i t e  

measurements of window system leakage  r a t e s ,  n o t i c e a b l e  d i f f e r e n c e s  

o c c u r ,  s e e  F igure  BVI.16. These d i f f e r e n c e s  can be t r a c e d  t o  p o s s i b l e  

d imens iona l  v a r i a t i o n s  t h a t  may have been a  r e s u l t  of t h e  a c t u a l  

i n s t a l l a t i o n  p rocedure .  However, even more i m p o r t a n t ,  t h e  nominal 
3 3 

leakage r a t e  s t a n d a r d  of 0 .5  cm / l i n e a l  f o o t  (1.7 cm /m) i s  on ly  met 

by 60 p e r  c e n t  o f  t h e  windows (and o n l y  40 p e r  c e n t  meet t h e  more 

r i g i d  i n d u s t r y  s t a n d a r d )  l e a d i n g  one t o  s u s p e c t  q u a l i t y  c o n t r o l  a s  

t h e  r e a l  problem. The l eakage  measurements a p p l i e d  t o  f i x e d  g l a z i n g  

i n d i c a t e d  t h a t  t h e s e  u n i t s  a r e  some of t h e  w o r s t .  

ALL WIZ::DC WS 
192 t e s t s  
16 manufacturers 

CASEblZNT VIflDGWS 
79 t e s t s  
11 manufacturers 

DOUBLE SLIDERS 
33 t e s t s  
8 manufacturers 

DOUBLE HUPJG 
38 t e s t s  
9 manufacturers 

Industry/government 
s t a ~ d a r d o  

i Mean 

0 i(ange 

Standard dev ia t ion  

SIKGSE SLIDERS 
31 t e s t s  
5 rranufacturers 

SINGLE HUNG 
11 t e s t a  
2 manufacturers 

I I r 
0.1 . 0.2 mJ/min. / Zinear metre 

o f  crack 
0.0 0 .5  2 .0  1 .5  2.0 2.5 cf?n/Zinear foot o f  

crack 

Figure BVI .  16. Leakage r a t e s  i n  US windows. 



Together  w i t h  t h e  window s e l e c t i o n  ( a s  w e l l  a s  t h e  c a s e  w i t h  t h e  

o t h e r  enve lope  components) i s  t h e  important  q u e s t i o n  of  how t h e  

component f i t s  i n t o  t h e  envelope.  Leaks between t h e  window and w a l l  

a r e  n o t  p a r t  o f  t h e  window leakage  s t a n d a r d ,  hence i t  i s  n o t  "checked 

a t  t h e  f a c t o r y " .  I n  p a s t  p rocedures ,  such a s  t h o s e  i l l u s t r a t e d  i n  

F i g u r e  BVI.4a, t h e  vapour  b a r r i e r  o f t e n  never  reached t h e  a c t u a l  

window assembly.  The vo id  between t h e  window and w a l l  opening was 

o f t e n  n e g l e c t e d  and o n l y  covered w i t h  t h e  i n s i d e  moulding and o u t s i d e  

s h e a t h i n g l s i d i n g .  More r e c e n t l y  t h e  v o i d  h a s  been s t u f f e d  w i t h  g l a s s  

f i b r e  i n s u l a t i o n .  I n  t h e  p a s t  few y e a r s  foam i n s u l a t i o n / s e a l a n t  h a s  

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

a t t r i b u t e s .  P roper  use  of  t h e  con t inuous  p l a s t i c  vapour b a r r i e r ,  a s  

shown i n  F i g u r e  BVI.4b, a l l o w s  t h e  v o i d  t o  be covered ,  t h e r e b y  

a c h i e v i n g  s u p e r i o r  s e a l i n g  of t h i s  c r i t i c a l  l o c a t i o n  ( l eakage  r a t e s  

around t h e  window can be s i g n i f i c a n t  compared t o  a c t u a l  window 

leakage  i t s e l f ) .  

DOORS 

Doors have moved toward improved energy-saving d e s i g n  o v e r  t h e  p a s t  

decade i n  t h e  US. I n s u l a t e d  doors  wi th  m e t a l  c l a d d i n g  have provided 
2 0 h i g h e r  i n s u l a t i o n  l e v e l s  (moving from k  = 3.0 t o  0 .5  W/m C ) ,  have 

e l i m i n a t e d  t h e  s e a s o n a l  warping s o  common w i t h  wooden d o o r s  and have 

s u p p l i e d  a  s u r f a c e  t o  which magnet ic  s e a l s  can a d h e r e ,  t h e r e b y  

a l l o w i n g  f o r  an  e x c e l l e n t  l e a k  s e a l .  A v a r i e t y  of o t h e r  s e a l i n g  

methods a r e  a v a i l a b l e  f o r  a l t e r n a t i v e  door  d e s i g n s .  One f e a t u r e  t h a t  

h a s  become a lmost  u n i v e r s a l  i n  t h e  US i s  t h e  t h r e s h o l d  s e a l .  Th i s  

normal ly  c o n s i s t s  of a n  aluminum e x t r u s i o n  h o l d i n g  a  v i n y l  boot which 

can be  a d j u s t e d  s o  a s  t o  be s l i g h t l y  compressed by t h e  lower edge o f  

t h e  door a s  shown i n  F i g u r e  BVI.17. 

Double f r o n t  door  d e s i g n s  i n  r e c e n t  y e a r s  have made door  s e a l i n g  a 

g r e a t e r  problem. However, t h e  use  of l a r g e  g l a s s  s l i d i n g  p a t i o  doors  

has  been t h e  r e a l  c h a l l e n g e  i n  door  s e a l i n g .  These d e s i g n s  prove t o  

be  a  major s o u r c e  of  envelope l eakage .  Q u a l i t y  of  c o n s t r u c t i o n  and 

d e s i g n  i s  h i g h l y  v a r i a b l e .  To p rov ide  t h e  needed s e a l ,  o f t e n  a  f i x e d  

s to rm door i s  t h e  o n l y  s o l u t i o n  d u r i n g  t h e  w i n t e r .  



DOOR SHOES V I N Y L  BULB THRESHOLDS 

Figure B V I .  17 .  The lower door s e a l  as  a c o n t r o l  o f  a i r  leakage. 

VENTS 

Vents come i n  a  v a r i e t y  of shapes  and s i z e s .  I n  US homes, one common 

d e s i g n  i s  used on e x t e r i o r  w a l l s  t o  v e n t  c l o t h e s  d r y e r s ,  ba throoms,  

and k i t c h e n s .  These v e n t s ,  a s  shown i n  F i g u r e  B V I . 1 8 ,  t y p i c a l l y  r e l y  

on g r a v i t y  t o  s e a l  t h e  "soup can l i d "  type  f l a p p e r  i n  p l a c e .  S e v e r a l  

problems a r e  e v i d e n t  i n  t h e s e  d e s i g n s :  1 )  l i n t  and o t h e r  m a t t e r  t e n d s  

t o  b u i l d  up c a u s i n g  t h e  f l a p p e r  t o  remain p a r t l y  open,  2 )  c o r r o s i o n  

on t h e  h inge  t a k e s  p l a c e  o v e r  t h e  y e a r s ,  c a u s i n g  t h e  f l a p p e r  t o  s t i c k  

i n  a  p a r t l y  open p o s i t i o n ,  and 3) l o c a l  wind c o n d i t i o n s  c a u s e  t h e  

f l a p p e r  t o  open and c l o s e  i n t e r m i t t a n t l y .  A more r e c e n t  d e s i g n  h a s  

added a  magnet ic  c l o s u r e  sys tem.  

Bathroom and k i t c h e n  f l a p p e r  powered v e n t s  o f t e n  have a  s i m i l a r  

f l a p p e r  ar rangement  b u i l t  i n  t h e  hous ing .  U n f o r t u n a t e l y ,  many of  

t h e s e  ar rangements  a l s o  s e a l  p o o r l y ,  and t end  t o  depend on meta l - to -  

me ta l  s e a l s .  A smal l  number o f  t h e  k i t c h e n  f a n s  have g a s k e t e d  c o v e r s  

t h a t  a r e  hand opened w i t h  a p u l l  c h a i n  and t e n d  t o  s e a l  v e r y  t i g h t l y .  

FANS 

Fans ,  where t h e y  p e n e t r a t e  t h e  b u i l d i n g  enve lope ,  p r e s e n t  a  l eakage  

problem t h a t  may r e q u i r e  s p e c i a l  s o l u t i o n s .  Whole house f a n s ,  which 

a r e  mounted i n  t h e  c e i l i n g  and exhaus t  i n t o  t h e  a t t i c  ( o r  have l o u v e r s  

i n  t h e  c e i l i n g  where t h e  f a n  i s  mounted i n  t h e  g a b l e  end of  t h e  a t t i c ) ,  

r e p r e s e n t  a  major l e a k a g e  s i t e .  Because t h e  c e i l i n g  l o u v e r s  do n o t  

p r o v i d e  an  a i r t i g h t  s e a l  (nor  p r o v i d e  any i n s u l a t i n g  f e a t u r e )  o t h e r  
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Figure B V I .  18 .  Vents as a source o f  bu i ld ing  envezope Zeakage. 

s e a l i n g  and i n s u l a t i o n  methods must be u s e d .  

h i g h  i n s u l a t i o n  v a l u e  foam, encased s o  as t o  

can  be screwed on a s  a  cover  f o r  t h e  l o u v e r s  

i t  p r o v i d e s  t h e  n e c e s s a r y  s e a l  a s  shown i n  F 

A minimum of 5 cm of 

e l i m i n a t e  f i r e  d a n g e r ,  

, w h i l e  a t  t h e  same t ime 

i g u r e  B V I . 1 9 .  



Whole-house cool ing a t t i c  fans. Use alone 
o r  w i t h  a i r  condi t ion ing  t o  help cut 
a ir -condi t ioner  use ,  save e l e c t r i c  power 

" 
E4omt i n  gabte  or c e i l i n g  
wi-th e i d e w a Z Z  and ceiZing 
s h u t t e r s .  Fan p u l l s  a i r  i n  
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Ce i Zing 

I n s u l a t e d  cover 

Figure B V I . 1 9 .  Use o f  a  seasonaZ f ixed  sea l  system for v e n t i l a t i o n  
f a m  . 

L I G H T I N G  

Light ing  i n  t he  form of recessed f i x t u r e s  has proven t o  be a  very 

popular choice i n  recent  yea r s  i n  t h  US. Unfortunately,  un less  t h e  

s e a l  can be e s t ab l i shed  a t  the  i n t e r i o r  su r f ace  using a  g l a s s  cover 

wi th  gaske t ,  t h i s  design r e s u l t s  i n  an uncontrol led leakage s i t e .  

US e l e c t r i c a l  and f i r e  codes p r o h i b i t  any s e a l  on t h e  lamp housing 

because of hea t  bui ldup t h a t  can r e s u l t  i n  s t r u c t u r a l  f i r e s  o r  

e l e c t r i c a l  i n s u l a t i o n  degradat ion (and r e s u l t i n g  e l e c t r i c a l  f i r e s ) .  

An 8 cm zone around the  housing must be kept  f r e e  from i n s u l a t i o n  a s  

w e l l .  This l i g h t i n g  choice must be avoided wherever poss ib l e  i f  a i r  

leakage i s  t o  be con t ro l l ed .  



FOLDING STAIRS 

Fo ld ing  s t a i r s  a r e  a  v e r y  popu la r  a c c e s s  r o u t e  t o  t h e  a t t i c  i n  t h e  US. 

A t t i c  a c c e s s  doors  and c o v e r s  r e p r e s e n t  a  g e n e r a l  problem s i t e  f o r  

a i r  l eakage  ( s e e  F i g u r e  BVI.5). The f o l d i n g  s t a i r s  p r e s e n t  even a 

g r e a t e r  energy problem i n  t h a t  t h e  complexi ty  of  t h e  s t a i r  sys tem 

makes i t  d i f f i c u l t  t o  s e a l  and a l s o  makes i t  imposs ib le  t o  i n s u l a t e  

beyond t h e  b a r e s t  minimum ( 3  cm). The b e s t  s o l u t i o n  i s  t o  use  an  

i n s u l a t e d  cover  w i t h  s e a l s  around t h e  edges  t o  l i m i t  t h e  l eakage  and 

conduc t ion  l o s s e s  a s  shown i n  F i g u r e  BVI.20 

InsuZuted to  attic 
/ standards 

Ce i l i ng  7 

Figure B V I .  20. An in su la t ed  cover w i t h  s e a l s  t o  minimize leakage 
over a fo ld ing  s t a i r  system or  over an a t t i c  s t a i r  
w e l l .  

BVI.3.4 Conclusions 

I t  i s  c l e a r  from t h e  p r e v i o u s  d i s c u s s i o n s  t h a t  t h e  achievement of  a  

t i g h t ,  low a i r  i n f i l t r a t i o n  r a t e  house does  n o t  come about  w i t h o u t  a  

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

enve lope  must be des igned  t o  minimize a i r  l e a k a g e ,  o r  a t  t h e  v e r y  

l e a s t ,  c o n t r o l  it i n  a  way t o  avo id  problems.  These problems i n c l u d e  

i n a d e q u a t e  v e n t i l a t i o n  f o r  t h e  l i v i n g  space  and m o i s t u r e  problems i n  

t h e  enve lope  i t s e l f .  The components t h a t  p e n e t r a t e  t h e  b u i l d i n g  

enve lope  must b e  c a r e f u l l y  ana lysed  s o  t h a t  t h e r e  i s  no danger  of 

bypass ing  t h e  c o n s t r u c t i o n  d e s i g n  w i t h  l o c a l  l eakage  s i t e s .  P r o p e r l y  

conce ived ,  e x e c u t e d ,  and i n s p e c t e d  t h e  t i g h t l y  c o n s t r u c t e d  home can  

o f f e r  n o t  o n l y  low energy b i l l s  b u t  h i g h  marks i n  l i v i n g  comfor t .  
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