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T h i s  p a p e r  cons?derget&e%i$.e& F p a c t  o f  a l t e r n a t i v e  c o n s e r v a t i o n  measures  

qn t h e  i n c i d e n c e  o f ' s u r f g e  a@ ; n t e r s t i t i a l  c o n d e n s a t i o n  on o r  w l t h i n  t h e  
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t i o n  and  mould ~*~th:p@L@e$f&here a v e r a g e  v e n t i l a t i o n  ra te ' s  o f  l e s s  
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Ce r a p p o r t  ex&& ~ ' Z f f  r o b a s l e  d e  d i v e r s e s  mesures  d e  c o n s e r v a t i o n  s u r  

?< - a  

l ' i n c ~ d e n c e  dt= c o n d t h s a t i ~ n - d e  s u r p a c e  e t  i n t e r s t i t i e l l e  s u r  OL d a n s  les 
d )" v 

e'le/ments d e  l a  ehi%rp&yE.sa~i s e  penche sp6c i f iquement  s u r  l ' h a b i t a t  d a n s  un 
.a 

c l i m a t  temp&; t e q q u e  c e l u i  du qoqaume Uni e t  d e  1 ' 1 r l a n d e .  ~ ~ r $ s  un a p e r -  

, c u  du m&canisme:de..formation tde  l a  c o n d e n s a t i o n  e t  d e  r luelques  dGsavan tages  

r f s u l t a n t  d ' u n  trra$ternent s t d t l q u e  d e  c c  ph6norn;ne, 1,. r a p p o r t  examine 
T- " -5"  , 

* t r o i s  g r a n d e s  c c + t & c ~ ~ ~ @ ~ ~  mesures  d e  c o n s e r v a t i o n  d e  1 ' 6 n e r g i e :  r & u c t i o n  
- ""A. ' du n i v e a u  d e  chauff*. u c t i o n  d e  l a  v e n t i l a t i o n  e t  auqmenta f ion  d e  

5 l ' i s o l a t l o n .  1 l e 6 t 9 b ~ ~ ~ a ~ n e ' c ~ s s l t 6  d e  p r e n d r e  d e s  p r & a u t l o n s  s p & c l a l e s  . C 
S p o u r  emp$cher lgs p r o b l b e s  d e  c o n d e h s a t i o n  e t  d e  m o i s i s s u r e  l o r s q u e  l ' o n  

e n v i s a g e  d e s  t a u x  moyens d e  v e n t i l a t i o n  e n t r a h a n t  moins  d ' u n  changement 

d ' a i r  p a r  h e u r e .  L e  r a p p o r t  dgmonntre a u s s i  q u e  l ' i s o l a t i o n  d e s  b 2 t i m e n t s  
h" 

r & u ~ t  l ' i n c i d e n c e  d e  con&nsa t ion  d e s  s u r f a c e s .  T o u t e f o i s  d e s  p r & c a u t i o n s  

s p 6 c i a l e s  c o n t r e  f a  c o n d e n s a t i o n  i n t e r s t i t i e l l e  n u i s i b l e  peuven t  G t  
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t h e  b u i l d i n g ,  t h e  b a s l c  mois tu re  c o n t e n t  of t h e  e x t e r n a l  alr and any ar- 

rangements f o r  removing excess mola tu re  c o n t e n t .  Slnce, i n  g e n e r a l ,  t h e  

t empera tu re  o f  t h e  s u r f a c e s  of a t  l e a s t  sane of t h e  enc los ing  elements will 

be lower than  t h e  room a i r  t empera tu re ,  condensa t ion  w i l l  occl r ~ n i t i o l l y  

on t h e  s u r f a c e s  r a t h e r  than  as  a m i s t  i n t e r n a l l y  In t h e  b u l l d l n g .  I n  adiil- 

t i a n  t o  i n t e r n a l  s u r f a c e  condensa t ion ,  condensa t ion  can a l s o  occur w l t h l n  

t h e  e x t e r n a l  f a b r l c  e l ements  o f  t h e  b u l l d l n g ,  1 . e .  wlth ln  c a v l t l e s  or ~n 

t h e  pores or i n t e r s t l c e a  of porous  m a t e r i a l s .  Sznce t empera tu res  and water 

vapour p r e s s u r e s  on b o t h  f a c e s  o f  any f a b r l c  element d l f f e r ,  t h e r e  1s  a 

t empera tu re  g r a d l e n t  and wa te r  vapavr p r e s s u r e  gradient through t h e  element 

connec t ing  i n t e r n a l  and e x t e r n a l  t empera tu res  and p r e s s u r e s  respectively. 

I f  a long-term s t e a d y  s t a t e  e x i s t e d  wl th  r e s p e c t  t o  internal and rx t i i rna l  

t empera tu res  and vapour p r e s s u r e s ,  t h e  s l o p e s  o f  t h e s e  g r a d i e n t s  would de- 

pend on t h e  thermal c o n d u c t i v i t y  and vapour d l f f u s l v i t y  of t h e  e lements '  

s u r f a c e s  and m a t e r i a l s  r e s p e c t i v e l y ,  and cou ld  e a s l l y  be  c a l c u l a t e d .  

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

g r a d i e n t  can a l s o  be  c a l c u l a t e d ,  and by comparison wl th  t h e  vapour p r e s s u r e  

g r a d i e n t ,  t h e  l i k e l i h o o d  of condensa t ion  i n  t h e s e  conditions established. 

T h l s  forms t h e  b a s i s  of t h e  wide ly  used condensn t lon  rlsk analysis tech- 

n ique  emplayed by d e s i g n e r s  t o  assess t h e  likelihood of  condensa t lon  occur- 

ring i n  p a r t i c u l a r  c o n s t r u c t i o n s  i l l .  

However, t h e  s t e a d y  s t a t e  model o u t l i n e d  above bears l l t t l e  r e l a t l o n s h l p  

t o  what normally occurs  I" r e a l  buildings. I n t e r n a l  and e x t e r n a l  tempera- 

t u r e s  and vapour p r e s s u r e s  are  continually changing i n  p r a c t i c e .  The therm- 

a l  g r a d i e n t ,  s a t u r a t i o n  vapour pressure  g r a d i e n t  and a c t u a l  vapour p r e s s u r e  

g r a d i e n t  i n  t h e  e lement ,  t end  t o  fo l low t h e s e  changes,  b u t  c o n s i d e r a b l e  

t ime  l a g s  can be invo lved  b e f o r e  s t e a d y  s t a t e  conditions wl th in  t h e  e l e -  

ment are reached.  The e x t e n t  of t h e  t l n e  l a g s  depends on t h e  thermal admit- 

t ance  o f  t h e  s t r u c t u r e  f o r  t h e  the rmal  g r a d l e n t  and s a t u r a t i o n  vapour pren- 

sure g r a d i e n t  and on t h e  a b s o r p t i v i t y  and mois tu re  c o n t e n t  of t h e  m a t e r ~ a l s  

for t h e  a c t u a l  vapour p r e s s u r e  g r a d i e n t .  o t h e r  f a c t o r s ,  such as t h e  m i i t -  

ence of  c o l d  b r i d g e s  on t h e  one hand, or  h o l e s  I" w a l l  l l n i n g s  and vapour 

b a r r i e r s  on t h e  o t h e r ,  a l s o  a f f e c t  t h e  t ime l a g s  ~ n v o l v e d .  Time l a g s  of 

s e v e r a l  hours  have been found ~n some r e c e n t  r e s e a r c h  work, e . g .  Rodwell 

(21 found t ime  l a g s  o f  t h e  o r d e r  o f  seven hours  I" t h e  response  o f  t h e  

vapour p r e s s u r e  i n  t h e  c a v i t y  behlnd a p l a s t e r b o a r d  l l n i n g  t o  sudden 

changes i n  vapour p r e s s u r e  on t h e  o t h e r  side. 

The s t e a d y  s t a t e  condensa t ion  r i s k  a n a l y s l s  1s a l s o  l i m l t e d  b] t h e  f a c t  

t h a t  it i n d i c a t e s  o n l y  t h a t  t h e  r i s k  a f  condensatron ex i r . t s .  I t  does  no t  

~ n t r o d u c t i o n  

~ h i %  pdper considers t h e  l i k e l y  impact of alternative enerny conse rva t ion  

I ~ : ~ I I U ~ C S  o n  t h e  ~ n c ~ d e n c c  o f  sur fzce and t n t r r a t l t i a l  cor:rion- i: i n n  o n  or 

b , t l l l r l  t h a  ~ l l r rn rn t ,  cl lo 1,113 ld i11 , r  f , ~ b r ~ c .  i t  concpn t r .> r r~ .  it>. cl f i c r l l l i  u n  

domestic buildings ~n t empera te  climates, e .g .  Unlted Klngdo~ and I r e l a n d .  

slncr cnrl3ensatlan has long bucr, prnb le~ i )  ~n t h l s  s ~ t u l t l o n ,  and ~n r e c e n t  

~ " a r ;  l t s  lnc ldence  appears  t o  h a r e   crease; r a t h e r  ti;d:l I r c rens rd .  The 

+ r , , . l ~ t ! o n a l l y  r e c o ~ l n ~ n 3 e a  m e , t . . l , r  c F -  y r w c n t  condcrsa t  1 c . n  I :  r .  i , r a t l n g ,  

t h e s e  shau l3  r i e v e n t  condensa t ion .  

c ~ F , I ~ I ~ > .  Increiir , r j  i i - a r l n r l  an? vcn t : l  l t ~ ; : ~  l e v e l =  a r c  n c - t  t,' :X recommend- 

<.,, trOln t h r  c.li,rly i r , l , i . v v , *  r a n  : . c l l l t  C I ~  v L C W  - III f ) - t  ' :  ii i l l ~ j l c j l t c  mly b., 

d+,;1r4ble. T I ) u ~ ,  t h e ~ e  1 s  an npparent  conflict be tbeen  t t lr  ob3ec t l ; e s  o f  

e.,erg;r c o n s e r ~ a t l O n  in .?  rnreventlorl of condensa t lo r  f a r  a; t h e s e  a r e  cnn- 

L, rn~I1 .  ~ o t i l  o l l l e c t l - c ~ ,  hilr;ever. mpl;r a n  ~rnprovcment ~n ~n ,m~l . l t lon  1e.- 

i . 1 ~ .  Yet,  even  h r r r ,  conflicts can . i r l , t ,  s l n c r  ~ n c r p a i e d  1n iu1 , i t l zn  l ev -  

e l s  can reduce t h e  t e n p e r 3 t u r e  wl th ln  t h e  b u l l d l n g ' b  e x t e r n a l  e l m e n t J  ilr:. 

t h e r e f o r e ,  l n c r P a S e  th -  l l k e l l h o o d  of l n t e r s t l t l a l  condensa t lon .  :Ills ..e- 

?ends o n  * ) , e re  the Ins 'd l l t io r ,  1s placed  and t h e  a r r a n g ~ m e n t .  maoe t o  pre-  

~ , - l ) t  nol; t , i re I l r ~ r i . i i  ~ n t o  t h e  i t r r : c t u r e .  

> l >  1, , S ,  11  I,,! L,? B,:? ldlnt7, 
- -- - - - - --. . - - . 

1 t r  ., ,. I l . . r j l , , ,  I :  i ! l ; . ~  * crcrq)  c o n s e r v a t l s n  :ne.liIrc,, l n  this L '11- 

f ~ t ,  l t  l: . ; i . b l r a i ~ l ~  f o  re rer  t o  t : ~ e  b a s l c  mechanlsn 1.). w h l ~ h  ~ 0 ~ 2 e n s a t l o n  

r ~ ~ ~ r ~ ,  3,111 sLimT- of t i  e sl 'nple s t e a d i - s t a t e  r sndrn i . i t l an  r l s r  

a n d l y i i n  method t!,e I i .*-po~nt method1 as appllerl  '. > u l l ? l n 2  3 z i l d n .  

%:ln(ln.lliiltlOll Wlll  C , C C ' ~ I  i t  ,1I1y .--.lnr h ~ t h l r  3 buhlJln.7 l ' l c~l r  - ' , c  -'31?131 

b a t e r  Y Z I ~ O U T  nress , lre  rurci ,e .  r a ~ u r a t l o n  vapdur : I l e , - , l l .  i t  t h l t  p o l n t .  

Saturation x.,iro,~r p re r i ' d r l  1 -  1 1 r i c t l ~  re la t l ; i  t c  tcn:i,r?turr.. Tile a c t u d l  

r ,  ,,,, ,,,, , I , , , , ,  I , , I - ' ,  t t  , l , , .  T ~ V ,  t , t t f , ~ k  # l  t h ~  'rl~'' 

, c  , l  ,"P ,,"",,,,,~, , l., , l , ) , ) ,  , ,,,.r p,cs:,8,rc L X I , , ?  c ! 3: 1 ,>PrcvPtaqc o f  

saturation V ~ ~ O U I  : ,~+; -uIL' .  3 -  t ! ~ e r ~ f o r e  dependent rn t.otL1 t e a r e r a t u r e  and 

m i , l i t u r r  :urntent. ~h..;-- r ~ l z l f ~ ~ ~ . ; ~  a r c  u s u a l l y  pre . , rn+r2  ~n t h e  form ~f 

a p s y ~ i ~ r o m e t r ~ ~  c h a t .  

i n  biull ; i in,~n,  hotn t , - n ~ r e ~ a t u r e  a d  m o l i t u r c  con ten t  I n  tile enc losed  a > %  

~ , a r j .  Tihl;. ~ t  1: I r J - l l  I r  t k i t  Lemperatllre and r n . , ~ i t u r , '  c an t%-n t  camllna- 

t l a : ~ s  ~ 1 1 1  occur  bill-.i, ~ a k c  coniens,?tlon ~ r r v l t n b l r .  Thr l l k e l ~ h o o d  of  

tlln-E C C C U ~ ~ I I I ~ ~  ~ ! . . ~ ~ . n . 3 ~  oil I >wmber of f a c t o r s ,  e g .  t h c  tp rn~ , - ra tu re  p.31- 

t ~ r r :  r n ~ l n t a l q i  l i l t ~ l l ~ l  t i , e  llna, t h e  r a t e  :f n o l q t >  ri, rrr..1ucLlo- '4." I n  
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E n e q  Conserva t ion  and Condensation 

The energy conse rva t ion  methods which have d i r e c t  impact an  t h e  l i k e l y  in-  

c i d e n c e  of condensa t ion ,  e i t h e r  s u r f a c e  or i n t e r s t i t i a l ,  f a l l  i n t o  t h r e e  

b road  c a t e g o r i e s :  

(a) r e d u c t i o n  o f  h e a t i n g  l e v e l s ,  i . e .  reduced average  t empera tu res  

(b )  r e d u c t i o n  i n  a i r  i n f i l t r a t i o n ,  i . e .  reduced average  r a t e s  of a i r  change 

( C )  i n c r e a s e  i n  i n s u l a t i o n ,  i . e .  i n c r e a s e d  average  U v a l u e s  o f  t h e  f a b r i c  

e x t e r n a l  e l ements .  

A i r  I n f i l t r a t i o n  and Temperature C o n t r o l  

O m p l o p e n t  of e i t h e r  method (a) or lb )  on i t s  own, or both  methods toge the r  

w i l l  a lways  i n c r e a s e  t h e  l i k e l i h o o d  of s u r f a c e  condensa t ion .  T h i s  does  no t  

mean t h a t  t h e s e  measures shou ld  never be  adap ted  a n  t h e i r  own. 1n s i t u -  

a t i o n s  where h u m i d i t i e s  are r e l a t i v e l y  low and t empera tu res  or a i r  change 

r a t e s  e x c e s s i v e l y  h igh ,  t h e n  a r e d u c t i o n  i n  t empera tu re  or a i r  change r a t e s  

or bo th ,  may be  d e s i r a b l e .  Such a c t r o n  w i l l  r e s u l t  m an i n c r e a s e  i n  aver- 

age  r e l a t i v e  humidity which must b e  k e p t  below 708 f a r  t h e  prevention of  

mould growth.  Moreover, Loudon's  17) wark s u g g e s t s  t h a t  t h e  r e l a t i o n s h i p  

between i n t e r n a l  r e l a t i v e  humid i ty ,  h e a t  i n p u t  and alr change r a t e s  i s  such 

t h a t  t h e  g r o s s  h e a t  i n p u t  r e q u i r e d  t o  m a i n t a i n  i n t e r n a l  r e l a t i v e  humidrty 

below 70% i s  a t  a minimum a t  between one and two a i r  changes p e r  hour ,  and 

i n c r e a s e s  f o r  bo th  lower and h igher  r a t e s  o f  a i r  exchange.  Tab le  1 shows 

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

e x t e r n a l  t empera tu res .  T h i s  assmes  t h a t  t h e  r a t e  o f  mois tu re  i n p u t  wi th rn  

t h e  house does  n o t  va ry  wi th  a i r  change r a t e s  - a r e a s o n a b l e  assumption.  

Thus,  where maintenance of r e l a t i v e  humidity below 70% becomes t h e  d e t e r -  

mining f a c t o r  on t empera tu res  and energy requ i rements ,  t h e r e  i s  no energy 

sav ing  t o  b e  made by i n c r e a s i n g  a i r  change r a t e s  above approx imate ly  one 

a i r  change p e r  hour.  I n  t h i s  s i t u a t i o n  t h e r e  i s  a d e f l n i t e  advan tage  I n  

terms o f  ccmfor t  i n  keeping ai: change r a t e s  dawn t o  t h l s  l e v e l .  There  1s. 

t h e r e f o r e ,  an optimum a i r  change r a t e  i n  terms of energy requ i rements  f a r  

t h e  p r e v e n t i o n  o f  condensa t ion .  T h i s  i s  abou t  one a i r  change p e r  hour ,  and 

v a r i e s  l i t t l e  wi th  e x t e r n a l  c o n d i t r o n s .  There  i s  same v a r i a t i o n  wi th  t h e  

i n s u l a t i o n  l e v e l  o f  t h e  b u i l d i n g  - t h e  optimum l e v e l  t end ing  t o  be  lower 

f o r  w e l l - i n s u l a t e d  b u i l d i n g s  than  f o r  poor ly  i n s u l a t e d  ones. For a moisture 

produc t ion  r a t e  o f  7.2 kg/day,  t h l s  a i r  change r a t e  i m p l i e s ,  i n  I r i s h  c l i -  

m a t i c  c o n d i t i o n s ,  a n  i n t e r n a l  t empera tu re  7 - 8°C above t h e  e x t e r n a l  tem- 

p e r a t u r e  f o r  much of t h e  h e a t i n g  season, which i s  c l o s e  t o  t h e  t y p i c a l  tem- 

peratue c u r r e n t l y  ach ieved .  For average  d a i l y  e x t e r n a l  t empera tu res  of 7°C l 
i 
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l n d i c a t e  t h e  p o i n t  I" t h e  s t r u c t u r e  where condensa t ion  will f i r s t  occur, or  

t h e  mecnanrsms invo lved  I" de te rmin ing  t h e  bu i ld -up  of condensate with>" 

t h e  s t r u c t u r e .  Cons ide rab le  r e s e a r c h  work has  been done on t h i s  a s p e c t ,  

e . g .  t h e  work of Vos and T m e s  13) and Hens (41 ,  b u t  f u r t h e r  wark needs t o  

be  done b e f o r e  t h e r e  i s  a f u l l  unders tand ing  of t h e  mechanisms invo lved  i n  

t h e  v a r i o u s  types  o f  f a b r i c  e l ements ,  and a method o f  t ak ing  accoun t  of 

t h e s e  a t  t h e  des ign  s t a g e  established. 

s t e a d y  s t a t e  condensation rlsk analysis i s  b a s i c a l l y  u s e f u l ,  t h e r e f o r e ,  

i n  signalling t h e  risk of long-term i n t e r s t i t i a l  condensa t ion ,  b u t  no t  of 

shor t - t e rm condensa t ion  i n  r esponse  t o  f l u c t u a t ~ o n s  of l n t e r n a l  or e x t e r n a l  

t empera tu res  or mols tu re  c o n t e n t s .  ~ o n g - t e r n  average  r n t e r n a l  and e x t e r n a l  

c l l m a t l c  d a t a  shou ld  be  used ~n t h e  c a l c u l a t ~ a n s .  

The b u l l d l n g s  most a t  r i s k  from condensa t ion  are  those  wi th  a ve ry  h igh  

l e v e l  o f  mois tu re  ~ r o d u c t l o n ,  e .g .  swimming p w l s ,  l a u n d r ~ e s ,  and those  

where t empera tu res ,  ma l s tu re  p roduc t ion  and m o i s t u r e  removal are  l a r g e l y  i n  

t h e  c o n t r o l  of individual u s e r s  and n o t  determined by considerations of  

aptlmum comfort  and r e l a t i v e  humidity. I n d i v i d u a l  dwel l lngs  are t h e  main 

b u l l d i n g  type  i n  t h l a  l a t t e r  c a t e g o r y .  Condensation c o n t r o l  In t h e  former 

ca tegory  has  always been a problem and i s  no t  c l o s e l y  r e l a t e d  t o  energy 

conservat~an. Individual dwel l lngs ,  however, r e p r e s e n t  a b u l l d l n g  t y p e  

where r t  1s  f e l t  t h a t  l a r g e  energy s a v i n g s  can be made, and where c e r t a i n  

measures a ~ m e d  a t  achieving t h e s e  savings can s i g n i f ~ c a n t l y  a f f e c t  t h e  r i s k  

o f  condensatvan.  ~ h r s  p a p e r ,  t h e r e f o r e ,  c o n c e n t r a t e s  on t h l s  b v l l d i n g  type .  

condensa t ion  h a s  always been a problem I" houslng i n  I r e l a n d  and t h e  

u n i t e d  ~ ~ n g d o r n .  ~ h l s  1s n o t  s u r p r i s i n g  when one considers t h e  c l m a t e  - 

hlgh  relative humldlty and moderate t empera tu res  i n  win te r  - and t h e  aver- 

age  t empera tu re  main ta ined  I" houses .  There i s  l i t t l e  enough in fo rmat ion  a n  

t h i s  l a t t e r ,  b u t  ba th  measured and c a l c u l a t e d  d a t a  s u g g e s t  an average  I"- 

t e r n a l / e n t e r n a l  d ~ f f e r e n c e  o f  6 - @'C dur ing  t h e  h e a t l n g  season (5). For 

t h e  average  e x t e r n a l  t empera tu re  i n  I r e l a n d  f o r  t h e  months October 

- ,nay i s  7'c and t h e  average  r e l a t i v e  humidity 1s  about 808. T h ~ s  p e m l t s  

an  average  i n t e r n a l / e n t e r n a l  d i f f e r e n c e  o f  3 mbar ~n vapour p r e s s u r e  or  2g/ 

kg i n  mols tu re  con ten t  f a r  a n  average  1 4 ' ~  internal tempera tu re  and 70% 

r e l a t i v e  h m i d l t y .    he mois tu re  p roduc t ion  r a t e  w l t h i n  dwel l rngs  i s  n o t  

known t o  any hrgh degree  of accuracy ,  b u t  ave rage  production rates are  

sugges ted  t o  l l e  between 7 .2  kg and 14 .4  kg p e r  day ( 6 ) .  The lower o f  these.  

m a s s o c l a t l o n  wi th  a n  alr change r a t e  of one a i r  change pe r  hour,  would 

g ~ v e  t h e  above ~ n t e r n a l / e x t e r n a l  vapour p r e s s u r e  and mois tu re  c o n t e n t  d i f -  

f e r e n c e s .  
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sation. This is particularly significant slnce the greatest increase In 

temperatures are likely to occur in those houses with the lower internal 

temperatures and therefore, the higher Condensation risk. Generally, wall 

surfaces in insulated houses should be )'C warmer than similar uninsulated 

ones. 

As well a s  surface condensation associated with average levels of inter- 

nal moisture content, surface condensation can also occur due to rapid 

changes in either the moisture content or the temperature of the air. 

Whilst both these may be caused by climatic factors, the more critical 

changes in internal temperatures are associated with occupancy factors.  he 

trend towards intermittent occupancy and heating are both considered to be 

significant contributory factors determining the incidence of condensation. 

Intermittency implies that both heat and moisture inputs to the dwelling 

are concentrated in morning and evening periods - generally not exceeding 
three and six hours respectively. Thus, whilst air temperature and moisture 

content may rise rapidly in the early morning and early evenlng, the rise 

in the fabric's average and surface temperature will lag behind making con- 

densation more likely. The extent of the lag depends on the thermal mass 

and insulation characteristics of the structure. 

Billington (9) suggests that condensation due to intermittent heating 

will not occur if the following inequality is observed: 

2 U + Us L PO (2Y + Ys) 

Where U = average U value of external elements (W/m2 'C! 

Us = U value Of element at risk (W/m2'C) 

Y = average admittance value of buildrng (w/mHc) 

YS = admittance of element at risk (W/m"C! 

~ A U  + C, 
PO = - 

CAY + cV 

CV = heat loss daze to air infiltration (WI'C! 

This insquality is based an the criterion that the surface temperature 

should never be lower than the minimum air temperature. Far this criterion 

to ensure that surface condensation does not occur, the rate of moisture 

production must be constant (which is generally not the case with intermit- 

tent occupancy) or the materials forming the wall surfaces must be such as 

to absorb and give up any excess moisture over a 24 hour cycle. Thus, the 

llkelihwd of surface condensation due to these causes can be seen to be a 

function not only of the fabric insulatlon level but also the location of 

or greater iwhlch occur for approximately half of the heating season) it 1s 

not desirable to increase this temperature dlfferenco, and therefore, a 

rate of air exchang? of one a l r  change per hour is rcqulred. For perrods 

when svorage daily external temperatures are less than 7 " ~  a larger temper- 

ature differential 1 s  desirable, and thus a lower rate of a l r  exchange re- 

qulred for optlmm energy conservation. However, rf houses are constructed 

wlth typrcal ail rharqc rates of the irder of 0.G per hour, designers must 

i r > : , ~ r r  t ! , t i  I c v i l i  oi nrrc .,LT change per hour can he eailly achieved wrth- 

out ri;aac~;ted problems such as draughts f rm open wlndows. Thls implres 

elther mechanical ventllatlon or arrangements for moisture removal at 

- . L , ~ ~ ~ i . .  Il~uvcl~~~i W l t l )  ilcftt.r iontrolled arrangements for natural ventilation 

tlnn h a s  heen the case ~n the past. Indeed, given the tradltlon of partlal 

rind ~.>term~ttent heating, with energy consumption apparently governed by 

economic rather than environmental determinants, there 1 s  a question mark 

over the deslrab~llty of attempting to attaln low alr lnf~ltratlon rates. 

Insulation and Surface Condensation 

Insulation has the apparent dual advantage of reducrng the risk of conden- 

,ation and consrlving energy. AS far as surface condei~iatlon 1 s  concerned, 

I ~ S  nla ln  impact 1 s  to increase the surface temperature of the fabric ele- 

rents. ~ h x s  ~ n c r e a e e s  the dew nolnt or saturation vapour pressure and. 

til~refore, reducea the llkelthood of condensation. ~ s h l e  2 glvrs the Inter- 

nal tunperature/~urface temperature differences to be expected for differ- 

ent lnsulatlon levels and ~nternal/external temperature difference. From 

r h i ~  the z.ignlilcant lnluact of changing from single to double glazing or 

i ron  2.1 w / s -  "c t o  17.6 w,m 'C ior wall U values r a n  be s r e n .    he v~rtual 

lniporjslblllty of d v o l d l r l ?  condensation on single-gla.~ng 1 s  obvious. Thls 

clearly shows the neccsslty of provldlng dralnage channels and weep-holes 

l n  slngla glazed trarnes - a practlce which has been generally discontrnued 

l,, r C L ? " t  ,Mrs. 

I,, ~ddltlori to the increase ~n surface temperatures outlined above, fleld 

stud~es have shown that typically hlgher internal temperatures are main- 
tamed in ~nsulated houses compared wlth uninsulated houses ( 8 ) .  Thls 

a r ~ s c i  partly from the ray temperatures are detemlned ~n a partially and 

Intemlttently heated house us lnq  heating systems wlth l ~ m ~ t e d  controls and 

partly from cho~ce, 1 . e .  chaoslng hlgher temperatures ~nstead of 

energy savings per s e .  ~ h ~ s  reduces the cost-effectiveness of rnsulation 

when energy savings alone are taken into account. However, there are man)' 

Other benefit* from insulatlon, not least being the reduced rlsk of conden- 
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tion problems are those of category one and two. This paper does not pro- 

pose to deal in detail with design solutions for all such problems. This is 

covered in sene detail elsewhere (101. Rather is it the intention to high- 

light specific problems that may be associated with particular measures or 

constructions adopted for energy conservation purposes. 

(a) ~~t fh~d- ;~es :&c-Rpo$s :  The typical roof to dmestic buildings in the 

United Kingdom and Ireland consists of tiles or slates on battens on raf- 

ters with an underlay of bitumen felt to the tiles or slates. The pitch of 

the raftere is generally between 20' and 35' although lesser and greater 

pitches are used. The ceiling is generally plasterboard fixed to timber 

ceiling joists. Traditionally no insulation was used, but now 50 to 100 m 

fibreglass or equivalent is generally used, laid between the joists at 

ceiling level. It has been suggested that the addition of insulation was a 

major reason for an increase in incidence of condensation in these roofs in 

the recent past. Work at the BRE Scottish Laboratory (111 suggests, how- 

ever, that whilst it may have been a contributory factor, the major factor 

wan climatic. Other changes in construction and materials also contributed, 

e.g. an increased use of plastic sheeting as underlay instead of the tra- 

ditional felt meant that when condensation occurred it was more likely to 

f o m  droplets. In addition - and this has some basis in energy conservation 
- the tendency to seal houses more tightly has been carried over to roofs 
where tight sealing is not desirable. The reduction of air infiltration 

through the external fabric has meant that a higher proportion of the house 

ventilation took place by way of the attic bringing moisture f r m  the house 

with it. Effective ventilation of the roof space, sealing of air paths from 

the house to attic and, for pitches less than 2 0 ° ,  where ventilation is not 

likely to be so effective, a vapour barrier underneath the insulation are 

recmended. 

ib) W a i l :  In Ireland the majority of domestic external walls in the recent 
past were constructed of either single leaf 225 m hollow blockwork, or two 

leaves 100 m blockwork internal leaf, 50 mm cavity and 100 m brick or 

blockwork external leaf. Such walls were generally rendered externally 

(except where brickwork was used) and plastered or lined with plasterboard 

internally. To improve their insulation characteristics insulation is 

employed either in conjunction with an internal linlng, or in the cavity. 

Cavity insulation may or may not fill the cavity completely. Long-term con- 

densation occurring at the insulation location may damage the insulation or 
I 

ba detrimental to the timber or metal fixings of the internal linings. A 

eterdy state condensation risk analysis will generally show if these l l 

the insulation Islnce this determines the admittance value) and the nature 

of tiie surface finishes. ~ h r s  is i possible area for further research. 

Insulation and Interstitial Condensation 

Thermal insulation materials, ~n general, have a low resistance to vapour 

diffusion. ~ h u s ,  the addition of a layer of thermal insulation to a struc- 

ture w~ll, in general, have a marked impact an the temperatures through the 

structure - reducing those on the cold side and increasing those on the 

uam s~de. ~t the same t ~ m e  ~t wlll have little or no d~rect effect on the 

vapour pressure gradient. ~ogether wlth the drop in temperature across the 

i n s u l r 8 t l o n  inaterial, there w ~ l l  be an equivalent drop in saturat~on vapour 

~ ~ E L . . U T C .  i s h ~ r ~ t ~ r ~ ,  tilere Is generally a much increased r ~ s k  of condensa- 

tlon on thc cold side of the layer of ~nsuiation. This may be such as to 

rcqulrn action to reduce the vapour Fressure in thls area - generally by 

the lntroductlon of a vapour barrier or vapour check on the warn slde of 

the ~nsulatlan. 

 he deqrer of damage that can be caused by ~nterstlt~al condensatlon de- 

pends on the amount and location of the condensate. One can ldentlfy a 

number cf different sltuatlons in this contexti 

L .  Sltuatmns where condensatron at any time and in any quantrty 2s  

undeslrable, e.g. flat t~mber roofs where any condensatlon 1s likely to 

drop onto the ceiling underneath and, at least, cause staining problems. 

2. S~tuatlons where long-term condensat~on - even if in small quantities - 
is undeslrable, e.g. at the locatlon of materials of high thermal resist- 

ance, slnce the thermal leastance qualities of materials are mpaired when 

no1st or xiet .  'rhe 3omt betveen mater~als bonded with adhesives whlch are 

broken down by long-term dampness also falls into this category. Parts of 

the fabr~c contaming timber, steel or other materials of whlch the tend- 

ency to rot or corrode 1s enhanced in a damp environment, also fall in this 

CatPgOry. 

3 .  sltuatlon~ where long-term condensation causing a large volume of build- 

lng fabrlc to become saturated occurs. Thrs will happen lf materlal has not 

,,at the opportunity to dry out either because of the particular construe- 

t l n n  a~rar~gements used, or because sufficient trme does not exlst between 

one period of condensation occurrence and the next. These situations are 

generdlly to be avalded. 

provided precautions are taken to ensure that moisture is not trapped 

w~thin the structure, category three above is unlikely to occur ~n dwell- 

ings in normal use.   or dwell~ngs, therefore, llkely ~nterstltlal condensa- 



barriers i~ an area where further reaearch is required. Seiffert l121 has 

reported that, for aluminium sheet, perforations equivalent to 0.22% of 

area reduce its vapour resistance from 6,000 ms/g to 1.4 ms/g. Rodwell 

(13) reports reductions of a siuilar order for polythene sheets 0.022 to 

0.04 mm and 0.10 mm thick. However, Rodwell further reports that damage to 

barriers attached to board material is not so disastrous.   or example, 

foil-backed and polythene-backed plasterboard, with holes equivalent to 

2.37% of their area, whilst their performances were reduced by factors of 

24 and 12 respectively, were still ten times mare effective as vapour bar- 

riers than undamaged plain plasterboard. These experiments were in situ- 

ation~ where moisture passing through the vapour barrrers was free to dif- 

fuse outwards from the construction. Clearly, further information is re- 

quired about the performance of vapour barrrers in practice. 

Canclusion 

This paper suggests that, in certain situations, there is conflict between 

the objectives of energy conservation and prevention of harmful condensa- 

tion. Rowever, careful design and construction should overcane these 

problems. In particular, reduced average ventilation rates (below one air 

change per hour) require positive means of removing moisture at source. In- 

sulated external elements should always be checked for the likelihood of 

harmful long-term interstitial condensation, and, where necessary, steps 

taken to prevent this. In general, higher insulation levels should greatly 

reduce the risk of surface condensation and mould growth through increased 

surface temperatures and probably increased air temperatures. Two areas for 

further research are the short-term response of fabric temperature and 

vapour pressure to fluctuations in internal and external air temperatures 

and vapour oressures and the performance of v a p u r  barriers in practice. 
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dangers exist. In general, cavity insulation will give sane risk of conden- 

sation in the outer leaf, but ~t can safely be assmed that if it occurs it 

will evaporate to the outside. Insulatiun at, or near, the lnternal surface 

however, generally gives a risk of condensation at the junction of insula- 

tion and the external wall element. Because of the location of the canden- 

sation, thls will have more d~fficult~ in drying out and is more likely to 

be harmful. A vapour barrier is, therefore, recamnended on the warm side of 

this rnsulation, i.e. just beh~nd the drylrning. 

In add~tion to the general risk of condensation associated with insulated 

walls, particular attention must be paid to cold bridges since the local 

lowerlng of temperature ~s likely to have more extreme effects when the 

rest of the element is well insulated. 

(cl vapour Barriers: The addltion of insulation to traditional construc- ------------.-- 

tions will require, in some cases,  the incorporation of a vapour barrier or 

vapour check on the warm side of the lnsulatian to prevent harmful inter- 

~tltlal condensation. Whilst its theoretical effectiveness rn elim~nating 

the risk of interstitial condensatlan can easily be shown, doubt has been 

cast on the performance of vapour barriers in practice. There are generally 

two reasons glven for this doubt: 

Li) Even with good workmanship it is extremely dlfflmlt to achieve 

a true vapour barrier, and 

Lli) the lack of trad~tion in this type of work, and the general level 

of quality control enforced in domestic construction, mean that a 

true vapour barrier would generally not be achieved In practice. 

~ a t h  of these reasons carry some weight and, without getting involved in a 

broader topic at thrs point, it seems fair to say that there is an urgent 

need for the education of ~~eratives and ~ract~tioners at all levels rn the 

industry on the need far care in the desrgn and rnetallatlon of construc- 

tuns incorporating ~nsulatian layers and vapour barr~ers. At the design 

level, detailing should be such as to avoid as far as passlble the neces- 

$ity to penetrate vapour barriers with water pipes, electric conduits, etc. 

~t site level care must be taken to avoid damage to vapour barrlers before. 

during, and after placement, to ensure proper detarllng at jornts in vapour 

barrier mater~al, and to seal any punctures which do occur in the vapour 

barrier. In addltian, construct~ons ~hould generally be such as to allow 

the escape of any malsture which does  n net rate past the vapour barrier 
rather than depend solely on the vapour barrier to prevent molsture in- 

gress. 

 he mpact of perforations, tears and holes on the performance of vapour 
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A1r 
Change 
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(Volumes/ 
hr) 

Internal 

Content Internal 
Temperature 

l "Cl 

Useful Energy Required (km1 

Insulation 1 I n s u ~ t l o n ~  Insulatmn 
A C 

Table I. Energy and internal temperature requirements to maintain 70% -. . -. . - 
average relative humidlty ~n typical centre terrace house 

h ate: (a) : External temperature = 0°C =.h. = 90% .-.- 
(b) : External temperature = 7 F  =.h. = 90% 
~nsulatian A : Averaae fabrlc U valve = 1 w/m' 'C 
~nsulation B : Average fabric U value = 0.7 W/m2'c 
~nsulation C : Average fabrlc U valve = 1.4 w/m' 'C 

Table 2 .  Difference between room and fabric surface temperatures . . - - - - - 

- -- 

Internal/ 
External 
Temperature 
Difference 

l0C1 

4 

8 

12 

16 

20 

Fabric U value W/m' "c) 

0.6 

0 .3  

0.6 

0.9 

1.2 

1 .5  

0.4 

0.2 

0.4 

0.6 

0.8 

1.0 

1.7 

0.8 

1.7 

2.5 

3.3 

4.2 

1.1 

0.5 

1.1 

1 . 6  

2.2 

2.7 

2.7 

1 . 3  

2 .7  

4 .0  

5.3 

6 .6  

3.4 

1.7 

3 .3  

5 .0  

6 .7  

8 . 4  

5 .6  

2 .8  

5.5 

8 .3  

11 .0  

13 .8  

2.1 

1.0 

2.1 

3.1 

4.1 

5.2 

4 .7  

2.3 

4.6 

6.9 

9 .2  

11 .6  


