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PREFACE 

The Divis ion  of Building Research i s  p r i v i l e ge d  t o  
have a c lo se  l i n k  w i t h  the  Swedish S t a t e  Committee f o r  
Building Research, Through M r  a Boris Blomgren, Secre- 
t a r y  to  t h i s  Committee, the  Division was put i n t o  touch 
wi th  two Swedish o rgan i sa t ions  which had i n  opera t ion  
resea rch  programs involving the use of t e s t  hu t s ,  These 
were of spec i a l  i n t e r e s t  t o  t he  Division i n  view of i t s  
own t e s t  hu t  program, now being i n i t i a t e d ,  

This t r a n s l a t i o n  descr ibes  one of t b  Swedish t e s t  
hut  p r o j e c t s  and the reasons  f o r  i t ,  The Divis ion  i s  
glad to  be a b l e  t o  ar range  f o r  pub l i c a t i on  of t h i s  in-  
t e r e s t i n g  record ,  e spe c i a l l y  s ince  it shows that 
bui ld ing  r e sea r ch  problems i n  Canada and Sweden a r e  
s im i l a r ,  This i s  a t r a n s l a t i o n  o f  a r e p r i n t  from 
Teknisk T fdsk r f f t  1948, number S o  

Robert F, Legget, 
Di rec to r  
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SWEDISH TEST HUT RESEARCH PROGRAM 

("Heat and Moisture Problems i n  Barns") 

The c o n t r o l  of  h e a t  and mois ture  c o n d i t i o n s  i s  one 
of t h e  major t e c h n i c a l  problems i n  t h e  c o n s t r u c t i o n  of  b a r n s ,  
C a t t l e  l i k e  humans produce bo th  h e a t  and wate r  vapour,  The 
amounts depend t o  a  c e r t a i n  e x t e n t  on temperature  and mois ture  
c o n d i t i o n s  i n  t he  surrounding a i r ,  t he  a n i m a l s s  s i z e ,  mi lk  
produc t ion ,  f e e d i n g  and many o t h e r  f a c t o r s ,  bu t  under a l l  
c i rcumstances  they  a r e  c o n s i d e r a b l e .  According t o  i n v e s t i -  
g a t i o n s  c a r r i e d  o u t  by t h e  Swedish Research Committee on Farm- 
b u i l d i n g  (SFL),  i n  some Norrland ba rns  d u r i n g  t h e  y e a r s  
1944-45 ') t h e  o u t p u t  of  h e a t  averages  a;lproxirnately 20,000 
k c a l .  over  a  24-hour 'pe r iod ,  I n  t h e s e  i n v e s t i g a t i o n s  i t  was 
found t h a t  26 p e r  c e n t  of  t h i s  q u a n t i t y  i s  e m i t t e d  i n  t h e  form 
o f  water  vapour,  This cor responds  t o  9 kg,  eve ry  24  hour s ,  
I f  i t  were neces sa ry  t o  take i n t o  account  on ly  t he  q u a n t i t i e s  
o f  h e a t  produced by t h e  animals ,  t h e n  the  whole prvoblem of 
b a r n s  would be f a i r l y  s imple ,  s i n c e  a s  a  r u l e  t h e  q u a n t i t i e s  
of h e a t  e m i t t e d  a r e  e n t i r e l y  adequate  t o  ba lance  t h e  h e a t  
l o s s e s  through boundary a r e a s  ( f l o o r ,  r o o f ,  w a l l ) ,  even when 
t h e  temperature  i s  very low, The m a t t e r  becomes somewhat 
complicated,  however, because i t  i s  neces sa ry  t o  n e u t r a l i z e  
t he  e f f e c t s  o f  the  l a r g e  q u a n t i t i e s  o f  wate r  by some means o r  
o t h e r ,  I f  no s p e c i a l  measures a r e  t aken  the  au tomat ic  r e s u l t  
w i l l  be 3 gradua l  i n c r e a s e  i n  t h e  r e l a t i v e  humidi tyo  Even- 
t u a l l y  i t  becomes so h i g h  t h a t  wate r  vapour condenses on t h e  
s u r f a c e s  ( w a l l s  and r o o f ) ,  which g e n e r a l l y  have a  lower tem- 
p e r a t u r e  t han  t h e  a i r ,  Usua l ly  no th ing  can p reven t  t h e s e  
q u a n t i t i e s  o f  condenssd wate r  from be ing  absorbed by t h e  
m a t e r i a l s  of  t h e  roof  and w a l l s ,  This  I n  t u r n  g r a d u a l l y  
i n c r e a s e s  t h e i r  mois ture  c o n t e n t  and causes  t h e i r  s t r u c t u r a l  
e lements  t o  d e t e r i o r a t e  r a p i d l y ,  t h u s  g r a v e l y  jeopardfzfng  t h e  
ba lance  of h e a t  i n  t h e  ba rn ,  According t o  conven t iona l  methods 
removal of t h e  water  vaFour i s  a l l  t h a t  i s  neces sa ry ,  Formerly 
t h e  v e n t i l a t i o n  was cons ide red  adequate  i f  t h e  carbon  d iox ide  
c o n t e n t  of t h e  a i r  d i d  no t  exceed a  c e r t a f n  l i m i t  beyond which 
the  e f f e c t s  might be b i o l o ~ f c a l l y  harmful ,  Research d u r i n g  
t h e  l a s t  t e n  y e a r s  h a s  shown, however, t h a t  t h i s  i s  on ly  of 
secondary concern i n  connec t ion  w i t h  t h e  v e n t i l a t i o n  of ba rns ,  
The removal of t h e  exces s  mois ture ,  n o t  t he  carbon d iox ide ,  
c o n s t i t u t e s  t he  main problem, When t h i s  i s  done, t h e  carbon  
d iox ide  c o n t e n t  of the  a i r  i s  a u t o m a t i c a l l y  a d j u s t e d  and a t  
t h e  same time most of  t he  odours a r e  removed, 

1) 
S e t h ,  E, and Holmquist, N o  : N6gra undersok- 
n i n g a r  ra rande  no r r l ands l adug&rda r ,  
S t a t o  Forskn ,-Komm, Lantmannabyggn, no, 5 (1945) 
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However, t h i s  p roces s  f a i l s  e n t i r e l y  t o  so lve  t h e  
problem o f  h e a t  c o n s e r v a t i o n  s i n c e  approximate ly  26 pe r  c e n t  
o f  t h e  t o t a l  h e a t  i s  r e t a i n e d  i n  t h e  wate r  vapour. Fu r the r -  
more, very  l a r g e  q u a n t i t i e s  o f  h e a t  a r e  consumed i n  o r d e r  t o  
h e a t  t h e  o u t s i d e  a i r  which r e p l a c e s  t h e  evacuated a i r  masses. 
I n  a l l ,  no t  more than  about 30 pe r  c e n t  o f  t h e  20,000 k c a l .  
mentioned above i s  l e f t  t o  h e a t  t h e  a i r .  I n c i d e n t a l l y ,  i t  
may be mentioned t h a t  l a s t  y e a r  i n v e s t i g a t i o n s  were s t a r t e d  
i n t o  t h e  p o s s i b i l i t y  o f  caus ing  t h e  wate r  vapour i n s i d e  t h e  
ba rn  t o  condense i n  ano the r  way on s u r f a c e s  where it  can do 
no damage. By t h i s  means advantages  might be ga ined ,  p a r t l y  
i n  t he  u t i l i z a t i o n  o f  t h e  q u a n t i t i e s  o f  h e a t  r e t a i n e d  and 
p a r t l y  i n  t h e  r e d u c t i o n  of  v e n t i l a t i o n ,  t h e r e b y  g r e a t l y  
d imin i sh ing  t h e  h e a t  l o s s e s o  However, t h e s e  i n v e s t i g a t i o n s  
have no t  y e t  proauced u s e f u l  r e s u l t s ,  and i t  i s  neces sa ry ,  
t h e r e f o r e , t o  a t t empt  a  s o l u t i o n  by t h e  t r a d i t i o n a l  method. 
( I t  h a s  been p o s s i b l e  t o  app ly  t h e  system d e s c r l b e d  above i n  
po ta to - s to rage  p l a n t s  w i t h  good r e s u l t s , )  

While most o f  t h e  h e a t  produced w i t h i n  t h e  b a r n  i s  
used up f o r  v e n t i l a t i o n  purposes ,  t k e  remainder s e r v e s  t o  keep 
t h e  b u i l d i n g  war r .  There i s  t h e  u s u a l  ba lance  between t h e  
amount o f  h e a t  supp l i ed  and t h a t  t r a n s m i t t e d  t o  t h e  o u t s i d e  
a i r ,  mainly through r o o f ,  f l o o r  and w a l l s ,  I n  ba rns  o f  con- 
v e n t i o n a l  d e s i g n  bu t  no t  a t t a c h e d  t o  t h e  house,  t h e  mutual  
h e a t  l o s s e s  between t h e  s e c t i o n s  a r e  approximately  e q u a l .  

With r ega rd  t o  t h e  r o o f ,  t h e  p o s s i b i l i t i e s  o f  
r e s t r i c t i n g  t h e  h e a t  l o s s e s  depend t o  some e x t e n t  on t h e  t ype  
of c o n s t r u c t i o n ,  I n  ba rns  of  t h e  low-roof t ype ,  t o  which, f o r  
example, most o f  t h e  I iorrland ba rns  belong,  i t  i s  p o s s i b l e  a t  
smal l  expense t o  o b t a i n  g r e a t  thermal  r e s i s t a n c e  t o g e t h e r  w i t h  
p r o t e c t i o n  a g a i n s t  mois ture  i n  t h e  framework, t h e r e b y  g r e a t l y  
r educ ing  t h e  h e a t  l o s s e s  th rcugh  t h e  r o o f ,  However, i n  son- 
v e n t i o n a l  barns  w i t h  more than  one s t o r e y  t h e  problems 
involved a r e  no t  so s imple ,  s i n c e  t h e  framework h a s  a  suppor t -  
i n g  f u n c t i o n  i n  a d d i t i o n  t c  i t s  i n s u l a t i n g  p r o p e r t i e s .  k t  
t imes t h i s  suppor t ing  framework does n o t  p ~ o v i d e  any i n s u l a -  
t i o n  a t  a l l  u n l e s s  t h e  hay s t o r e d  i n  t h e  l o f t  i s  s u f f i c i e n t l y  
h e a t - i n s u l a t i n g G  This  i s  t r u e  a s  l o n g  as t h e r e  i s  a c t u a l l y  

, hay l e f t ,  bu t  a f t e r  February o r  March most o f  i t  may a l r e a d y  
have been ecnsumed, so t h a t  l a r g e  s e c t i o n s  a r e  o f t e n  comple te ly  
b a r e ,  A s  a  r u l e  t h i s  i s  t h e  c o l d e s t  pe r iod  o f  t h e  w i n t e r  and 
a t  t h e  end of  February,  t h e r e f o r e ,  it  becomes i n c r e a s i n g l y  
d i f f i c u l t  t o  ma in t a in  an  even ba lance  of  h e a t  i n  b a r n s  o f  t h i s  
t ype .  I f ,  on t h e  o t h e r  hand, t h e  h e i g h t  o f  t h e  framework i s  
u t i l i z e d  t o  accommodate t h e  f i l l i n g  i n  t h e  u s u a l  manner, more 
s t a b l e  c o n d i t i o n s  a r e  o b t a i n e d .  However, a p a r t  from t h e  ques- 
t i o n  of  h s a t  ba lance ,  t h i s  has  no g r e a t  b e a r i n g  on t h e  con- 
s t r u c t i o n  of t h e  r o o f ,  I t s  importance i n  t h i s  connec t ion  w i l l  
r a t h e r  depend mainly on t h e  arrangement o f  t h e  ba rn  a s  a whole 
acco rd ing  t o  t he  p e r s o n a l  requi rements  of  t h e  owner. 
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The o t h e r  g r e a t  h e a t  l o s s  may be a t t r i b u t e d  mainly  
t o  t h e  f l o o r ,  t h e  u s u a l  t y p e s  be ing  u n s a t i s f a c t o r y  from t h e  
p o i n t  of view o f  i n s u l a t i o n .  I n  t h e  Norrland i n v e s t i g a t i o n s  
i t  was found t h a t  t h e  degree  o f  i n s u l a t i o n  i s  o f  fundamental  
s i g n i f i c a n c e  t o  t h e  t o t a l  h e a t  l o s s e s  th rough  t h e  f l o o r .  More 
comprehensive t e s t s  i n  t h i s  f i e l d ,  however, a r e  planned by t h e  
SFL next  y e a r ,  The purpose o f  t h e s e  t e s t s  i s  t o  examine t h r e e  
i n s u l a t i o n s :  t h a t  f o r  t h e  c o n s t r u c t  i o n  of  t h e  founda t ion  
i t s e l f ,  t h a t  o f  t h e  v a r i o u s  p a r t s  o f  t h e  f l o o r  r e q u i r i n g  
d i f f e r e n t  degrees  of i n s u l a t i o n  and, i n  p a r t i c u l a r ,  t h a t  f o r  
t h e  manger. The i n v e s t i g a t i o n s  a r e  planned w i t h  a  view t o  
a n a l y s i n g  t h e  c o n d i t i o n s  o f  t h e  h e a t  l o s s e s  o f  b u i l d i n g s  a s  a  
whole, i , e . ,  i n  con junc t ion  w i t h  t h e  ba lance  o f  h e a t  i n  b a r n s ,  
and of  t h e  d i r e c t  h e a t  t r a n s f e r  from t h e  recumbent animal t o  
t h e  manger and i t s  importance from t h e  p h y s i o l o g i c a l  p o i n t  o f  
view f o r  v a r i o u s  c a s e s .  

However, t h e  problem most f r e q u e n t l y  i n v e s t i g a t e d ,  
y e t  t h e  most d i f f i c u l t  t o  so lve ,  i s  t h a t  a s s o c i a t e d  w i t h  t h e  
w a l l s .  The w a l l s ,  o f  cou r se ,  have two f u n c t i o n s ,  a  suppor t ing  
one and a  h e a t - i n s u l a t i n g  one, and t h e r e f o r e  t h e i r  c o n s t r u c t i o n  
i s  more complicated t h a n  t h a t  o f  o t h e r  p a r t s  o f  a  b u i l d i n g ,  
P o s s i b l e  p e n e t r a t i o n  by moi s tu re  may g r e a t l y  a f f e c t  bo th  t h e  
b e a r i n g  c a p a c i t y  and t h e  h e a t - i n s u l a t i n g  p r o p e r t i e s  o f  a  w a l l ,  
and, t h e r e f o r e ,  a s  h a s  been proved, t h e  c o n s t r u c t i o n  o f  t h e  
w a l l s  l a r g e l y  de te rmines  t h e  l i f e  o f  t h e  whole barn .  Carefu l  
s tudy  of  t h e  most s u i t a b l e  w a l l  c o n s t r u c t i o n  i s  t h u s  o f  prime 
importance f o r  a g r i c u l t u r e  from t h e  economic p o i n t  of  view, 
Following t h e  above p r e l i m i n a r y  i n v e s t i g a t i o n s ,  which were 
c a r r i e d  o u t  i n  c e r t a i n  Norrland barns, t h e  SFL began f u l l - s c a l e  
t e s t s  i n  1946 ( F i g o  I), I n  one and t h e  same ba rn  t h e  e x t e r n a l  
w a l l s  have been d i v i d e d  i n t o  1 2  s e c t i o n s ,  each  r e p r e s e n t i n g  
one type  o f  w a l l -  I n  t h i s  barn ,  i n  so  f a r  a s  t h e  method of  
measurement pe rmi t s ,  t h e  h e a t  and mois ture  p r o p e r t i e s  a r e  
i n v e s t i g a t e d  w i t h  r e s p e c t  t o  b o t h  t r a n s m i s s i o n  and c a p a c i t y .  
Th i s  w i n t e r ' s  t e s t  r e s u l t s  i n d i c a t e  t h a t  much v a l u a b l e  i n f o r -  
mat ion w i l l  be ob ta ined  i n  t h i s  barn ,  p a r t i c u l a r l y  on c o n d i t i o n s  
o f  h e a t  t r a n s m i s s i o n  and t h e  s i g n i f i c a n c e  o f  h e a t  c a p a c i t y  f o r  
d i f f e r e n t  w a l l s ,  I t  need o n l y  be po in ted  ou t  i n  t h i s  connec t ion  
t h a t  t h e  h e a t  c a p a c i t y  i s  perhaps  no t  so impor tan t  a  problem 
f o r  farm b u i l d i n g s  a s  f o r  d w e l l i n g s ,  I n  f a c t ,  t h e  even pro- 
d u c t i o n  o f  h e a t  i n  ba rns  c o n t i n u e s  day  and n i g h t .  Hence o n l y  
c e r t a i n  v a r i a t i o n s  i n  t h e  o u t s i d e  tempera ture  can be ba lanced .  
I n  dwe l l i ngs ,  on t h e  o t h e r  hand, even a  s m a l l e r  h e a t  c a p a c i t y  
which w i l l  balance  t h e  v a r i a t i o n s  i n  i n t e n s i t y  o f  t h e  f i r e  f o r  
day and n i g h t  i s  g r e a t l y  d e s i r e d .  

P e n e t r a t i n g  wa te r  from d r i v e n  r a i n  i s  ano the r  condi-  
t i o n  which, however, cannot  Se i n v e s t i g a t e d  i n  t h e  b a r n  f o r  
t e s t i n g  w a l l s ,  bu t  p robably  i t  i s  o f t e n  v e r y  impor tan t  f o p  t h e  
ba lance  of  h e a t ,  I n  t h e  l a t t e r  p a r t  o f  t h e  summer and d u r i n g  
t h e  autumn r a i n  wate r  i s  being  absorbed by t h e  e x t e r n a l  w a l l s ,  
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often in large quantities. Its evaporation removes a certain 
amount of heat. These heat losses add to those caused by the 
normal heat transmission through the walls. This behaviour is 
of special interest for Central Sweden and particularly for 
the most southerly parts of the country. Here heat insulation 
in barns is normally chosen for temperatures in the neighbour- 
hood of O°C, or immediately below it, for which these additional, 
heat losses due to evaporation of rain water can, for the most 
part, be estimated and added to those previously calculated 
for the barns. For conditions in Norrland these additional 
heat losses are probably less important. The estimated heat 
balances of Norrland barns are based on outside temperatures 
of the order -10 to -15OC. Therefore, the evaporation from 
the external surface of a wall ceases when the wallfs external 
temperature drops below O°C., i,e., the temperature which is 
critical only in this one respect must be above approximately 
'-3OC. This behaviour has been observed in Norrland too, and 
it can be surprisingly difficult to maintain an indoor tempera- 
ture which is neither too high nor too low without excessive 
humidity in the air, particularly in cases where the temperature 
fluctuates about O°C. However, at this outside temperature 
conditions in Norrland are seldom so severe that they cannot 
be overcome. However, should such a situation arise diffi- 
culties would result only when the outside temperature was at 
its lowest, because the barn then obviously could not have been 
properly designed by conventional standards of calculation. 

Since these difficulties are particularly pronounced 
in the southwestern part of the country, a test with half-scale 
models was started during the summer of 1947 by the SFL in 
order to investigate the significance of these conditions in 
detail. 

. On the basis of principles discussed with civil 
engineer Ernrik Lindman, Stockholm, Professor Hjalmar Granholm, 
GBteborg, and several other experts. the SFL thought it 
appropriate to carry out tests inhuts especially built for the 
purpose, These are shown in Figures 2 and 3, Each hut has an 
inner floor space 1 x 1 m. and external walls of the design 
and material to be investigated. The floors and roofs are 
provided with such good insulation that the extent of the heat 
transmission through floor and roof is considerably lower than 
that of the heat transmission through the walls. Insulation 
of both floor and roof consists of a 21-em. layer of glass-wool 
mattingo Its proportion of the total heat losses is estimated 
at approximately three per cent. In order to avoid "corner 
effect" the hut has been so finished that the wall elements 
only touch at the cornerse The latter have been especially 
insulated with wood shavings and a layer of moisture- and water- 
resisting cardboard, The additional quantities of heat which 
escape in the corners of huts of this construction are relatively 
small and can be estimated. In order to be able to measure 
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d i r e c t l y  t h e  d i f f e r e n c e s  i n  h e a t  l o s s  between t h e  c a s e  where 
t h e  r a i n  w a t e r  i s  pe rmi t t ed  t o  evapo ra t e  and t h a t  where t h i s  
a d d i t i o n a l  h e a t  l o s s  does  no t  e x i s t ,  two h u t s  hav ing  e x a c t l y  
t h e  same shape and w a l l  c o n s t r u c t i o n  have been e r e c t e d .  A s  i s  
e v i d e n t  from one o f  t h e  w a l l  s e c t i o n s  shown i n  F igure  3 ,  one 
o f  t h e s e  h u t s  h a s  been covered with aluminium s h e e t s  f a s t e n e d  
down on t o p  o f  t h e  o r d i n a r y  w a l l s  by means of  b o l t s .  Th i s  
aluminium l a y e r  h a s  been f i n i s h e d  i n  such a manner t h a t  t h e  
r a d i a t i o n  w i l l  be a s  n e a r l y  e q u a l  a s  p o s s i b l e  f o r  e ach  o f  t h e  
t w i n  h u t s o  However, even i n  t h i s  h u t  t h e r e  i s  an  a d d i t i o n a l  
h e a t  l o s s  due t o  evapora ted  r a i n  w a t e r ,  b u t  i t  i s  s l i g h t  
compared w i t h  t h a t  o f  t h e  o t h e r  h u t .  Fur thermore ,  a b s o r p t i o n  
t h rough  sma l l  h o l e s  i n  t h e  s h e e t ,  which p r e v e n t s  t h e  p e n e t r a -  
t i o n  o f  r a i n  w a t e r ,  may permi t  t h e  f r e e  passage  o f  m o i s t u r e  
e s c a p i n g  th rough  t h e  w a l l  from w i t h i n .  The a d d i t i o n a l  heat 
r e s i s t a n c e  o f  t h e  aluminium s h e e t  t o  t h e  uniform l ~ y e r  of a i r  
can be c a l c u l a t e d  t h e o s e t i c a l l y  w i t h  some a c c u r a c y ,  Moreover, 
i t  i s  p o s s i b l e  t o  check t h i s  d u r i n g  t h e  p e r i o d s  when t h e  
t empera tu re  of t h e  s u r f a c e  l a y e r  o f  t h e  w a l l s  d r o p s  below O°C. 
On t h e s e  occas ions  t h e  e v a p o r a t i o n  i s  ve ry  s l i g h t ,  I n  o r d e r  
t o  u t i l i z e  t h i s  o p p o r t u n i t y  of  s u p e r v i s i o n  i t  would be 
n e c e s s a r y  t o  v e r i f y  t h e  f a c t  t h a t  t h e  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  i s  f a i r l y  equa l  f o r  bo th  w a l l s .  F i r s t l y  a  l a r g e  
c o n t a i n e r  w i t h  s a t u r a t e d  b r i n e  i u  p laced  i n s i d e  t h e  t e s t  h u t  
so  t h a t  t h e  r e l a t i v e  humid i ty  i s  ma in t a ined  c o n s t a n t  a t  a  
l e v e l  cor responding  a p p r o x i m a t e l y ' t o  c o n d i t i o n s  i n  a  b a r n  (70 
t o  80 p e r  c e n t ) ,  Then, t h e r m o s t a t i c a l l y  con t r4o l l ed  e l e c t r i c  
h e a t i n g  e lements  a r e  i n s t a l l e d  i n s i d e  t h e  h u t  and connected 
w i t h  a n  o r d i n a r y  power m e t e r ,  Hence, by s e t t i n g  t h e  thermo- 
s t a t  f o r  a  normal ba rn  t empera tu re  o f  +15°C., c o n d i t i o n s  
which, p r a c t i c a l l y  speali ing,  cor respond  i n  a l l  r e s p e c t s  t o  
t h o s e  i n  a b a r n  can  be reproduced ,  The h e a t  t r a n s m i s s i o n s  o r  
h e a t  l o s s e s  a r e  measured d i r e c t l y  by t h e  power me te r ,  These 
va lue s  can be reduced 90 a s  t o  app ly  t o  a  squa re  me t r e  o f  w a l l  
a r e a  a f t e r  a l l o w i n g  f o r  l c s s e s  th rough  f l o o r  and r o o f  and 
making ad ju s tmen t s  w i t h  r e s p e c t  t o  t h e  e f f e c t  o f  t h e  aluminium 
s h e e t  and t h e  r e n a i n i n g  c o r n e r  e f f e c t s ,  i n c l u d i n g  t h e  e f f e c t s  
from t h e  c o r n e r s  between t h e  f l o o r  and t h e  w a l l s .  The d i f f u s i o n  
o f  w a t e r  vapour ,  which i n  f a c t  i s  brought  about  by t h e  w a l l s  
themselves ,  i s  measured d i r e c t l y  by check ing  t h e  q u a n t i t y  o f  
b r i n e  a t  r e g u l a r  i n t e r v a l s *  I t  i s  neces sa ry  t o  keep add ing  
b r i n e  so a s  t o  n:aintain a  c o n s t a n t  l e v e l  i n  t h e  c o n t a i n e r .  

S ince  t h e  t e s t  s t a t i o n  h a s  a c c e s s  t o  d a i l y  r e p o r t s  
o f  p r e c i p i t a t i o n ,  wind v e l o c i t y  and wind d i r e c t i o n ,  it  i s  
o b v i o u s l y  p o s s i b l e  t o  o b t a i n  v a l u a b l e  d a t a ,  a p a r t  from t h e  
e f f e c t  o f  r a i n  w a t e r ,  on  t h e  h e a t  t r a n s m i s s i o n  c o e f f i c i e n t  o f  
t h e  d i f f e r e n t  w a l l s  and t h e  e f f e c t  o f  t h e i r  h e a t  c a p a c i t y  
a l o n g  w i t h  t h e i r  r e s i s t a n c e  t o  d i f f u s i o n ,  These v a l u e s  can  be 
d i r e c t l y  compared w i t h  t h o s e  o b t a i n e d  from t h e  p r e v i o u s l y  
mentioned ba rn  f o r  t e s t i n g  w a l l s .  Moreover, exper iments  a r e  
b e i n g  made w i t h  seven d i f f e r e n t  wa l l  m a t e r i a l s ,  most o f  which 
ax3e a l s o  being, t r i e d  i n  t h e  b a r n  f o r  t e s t i n g  walls. The 
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fol lowing types a r e  included i n  t h e  t e s t s :  

( I )  a masonry wal l  c ons i s t i ng  of two withes separa ted  by 
a  12-cm. cav i t y  f i l l e d  wi th  sawdust; 

(ii)  a concrete  block wal l ,  type Nopsa 11, c ons i s t i ng  of 
t h r ee  wal l  withes,  w i t h  t h e  blocks l a i d  on edge and wi th  i t s  
inner  12-cm, cav i t y  f i l l e d  with sawdust; 

(iii) a  s iporex  wal l ,  25 cm. t h i c k ,  a  wa l l  of rendered 
concre te ,  25 cm, t h i ck  (according t o  i nve s t i ga t i ons  by t he  
resea rch  i n s t i t u t e  rendered concrete  and s iporex  have p r a c t i -  
c a l l y  the  same thermal conduct iv i ty  value but  may have some- 
what d i f f e r e n t  p rope r t i e s  wi th  r e spe c t  t o  condi t ions  of 
absorpt  ior and evapora t ion)  ; 

( i v )  a  wal l  of  vibro blocks,  type L-15, 25 cm. t h i c k ;  

( v )  a  t a l l  of wood f i b r e  s l a b s ,  10 cm. t h i c k ,  type Nike 
and Serponit  ; 

( v i )  a  wooden wal l  wi th  framework of 4" pos t s  and insu la -  
t i o n  of 25-mm. glass-wool mat t ing  (an  SIX, wal l  l i k e  t h i s  one 
has been e r ec t ed  i n  t he  barn  of  the  low-roof t y p e ) 2 ) .  

A l l  these  wa l l s  have been p las te red  ou t s ide  and i n s i de ,  except 
the  wooden and the  masonry wal l ;  the  l a t t e r ,  however, w i l l  be 
p l a s t e r ed  i s ide  a t  a  l a t e r  da te .  

This t e s t  i s  pr imar i ly  intended t o  i nve s t i ga t e  the  
manner i n  wh ch t he  evaporat ion of r a i n  water a f f e c t s  the  hea t  
l o s s e s  through a  roof .  Here, it  need only be pointed out  t h a t  
the  f i r s t  aim i s  t o  determine the  o rder  of magnitude of  the  
a d d i t ~ o n a l  hea t  l o s s e s  during shor t  periods of time (one o r  
two periods of twenty-four hou r s ) .  These l o s s e s  a r e  assumed 
t o  apply t o  a l l  t h e  wa l l s  of  a  barn,  They may, a t  l e a s t  i n  
Southern Sweden, be of dec i s ive  importance f o r  the  cons t ruc t ion  
of bu i ld lngs  with r e spe c t  t o  the  heat  balance. On the  o t h e r  
hand, t h e  t e s t  a f fo rd s  c e r t a i n  oppor tun i t i e s  of adding t o  what 
i s  a l r ead- r  known about t he  t h e o r e t i c a l  process,  i n  p a r t i c u l a r  
the  o r i g i ~ .  of these  add i t i ona l  hea t  l o s s e s .  The problem here  
c o n s i s t s  . n  determining the  r e l a t i o n s h i p  between t h r e e  f ac to r s :  
the  q u a n t i t i e s  of  r a i n  which a r e  supplied t o  t he  d i f f e r e n t  wa l l s  
i n  the  form of d r iven  r a i n  (according t o  Professor  Jacob Holmgren, 
Trondheim, t h e  r a i n  which impinges upon a  v e r t i c a l  s u r f a c e ) ,  the  
amount of  a i n  which i s  absorbed by the  wal l  and the  manner of 
evaporat ion.  Here i s  an oppor tuni ty  of u t i l i z i n g  a l l  t h e  

2, Holmquist, N o  : E t t  f(lrs(lk med ladug&rd av 
Ibghustyp. 
S t a t .  Forskno-Komm, Lantmannabyggn, no. 6 (1945) 
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experience gained from the  t e s t  made by Holmgren and 
Dr, Tuomola, Finland, regarding the  amounts of r a i n  which can 
be absorbed by a wa l l  under var ious  condi t ions .  I n  the  t e s t  
o u t l i ne d  above no measurements a r e  made i n  connection wi th  
t h i s  intermediate  p a r t  of the  theory.  

A s  mentioned above, the  t e s t  hu t s  were e rec ted  a t  
the  beginning of September 1997. It i s  f a i r l y  usual  f o r  
barns (and even dwell ings,  t o  which some of  the experience 
gained might be app l i ed)  t o  be cons t ruc ted  a t  t h i s  time of 
t h e  year ,  and a s  a r e s u l t  t h e  wa l l s  a r e  not  proper ly  d ry  
before the  f a l l  r a i n s  commence. The values thus  obtained do 
not correspond t o  normal condi t ions  but t o  those which 
genera l ly  p r e va i l  dur ing  the  f i r s t  winter  a f t e r  cons t ruc t ion .  
It i s  obvious t h a t  i t  i s  of the  utmost i n t e r e s t  t o  ob t a in  
information on these  cond i t ionso  However, i n  o rde r  t o  ob t a i n  
r e s u l t s  f o r  the  normal s t a t e  a s  wel l ,  the  t e s t s  a r e  t o  con- 
t i n u e  f o r  a t  l e a s t  two more win te r s .  
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Fig. 1: Barn for testing walls. Fig. 3: The finished 14 test huts. 
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Fig. 2: Diagram of the test hut. 


