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PREFACE 

The tern1 " thernal  bridge" i s  of ten  used t o  describe those loca- 
t i o n s  i n  the enclosure of a  bui lding through which heat  is conducted 
more e a s i l y  than through adjacent  construct ion.  In general  t h i s  
occurs where mater ia ls  of r e l a t i v e l y  high therrnal conductance provide 
a  low res i s t ance  path f o r  heat  flow from ins ide  t o  outs ide .  I n  a  
heated bui ld ing  during cold weather, the ins ide  surface  temperature 
a t  a  therrnal bridge is lower than t h a t  of the surrounding construc- 
t i o n  and t h i s  is usual ly  more se r ious  than the  add i t iona l  hea t  l o s s .  
The low surface  temperature may r e s u l t  i n  condensation on the  surface,  
o r  requi re  a  low ins ide  humidity i n  order  t o  avoid such condensation. 
The va r i a t ions  i n  surface  temperature due t o  the  presence of the  
thermal bridge may a l s o  cause undesirable dus t  marking, s ince  t h e  
r a t e  of deposi t ion of dus t  on a  surface  i s  a funct ion of the  d i f f e r -  
ence i n  temperature between a i r  and surfaces .  Thermal brldges a r e  
thus  p a r t i c u l a r l y  s i g n i f i c a n t  i n  cold cl imates,  such a s  e x i s t  during 
the  winter f o r  most p a r t s  of  Canada. 

For some buildings thermal bridges may not  present  any se r ious  
problem, but  f o r  the  ma j o r i t y  it is important t o  a t  l e a s t  recognize 
the  l imi ta t ions  which they impose. In buildings where even moderate 
humidities must be ~ ~ a i n t a i n e d ,  it i s  imperative t o  e l iminate  thermal 
bridges; thus a  knowledge of t h e i r  c h a r a c t e r i s t i c s  i s  required.  
Unfortunately, hea t  flow i n  the v i c i n i t y  of thermal brldges is  com- 
p lex  and i n  many cases the  most p r a c t i c a l  method of obta in ing the 
required information is by d i r e c t  measurement. For t h i s  reason, 
information i s  s t i l l  inadequa+.e. 

Thermal bridges may take many forms. The Division has made 
extensive s tud ies  of thermal bridges associated with s tudding of con- 
vent ional  Insula ted  wood-frame cons t ruc t ion  and with metal frames and 
sash of windows. Another important type of thermal bridge i s  associ -  
a ted  with s t r u c t u r a l  s t e e l  o r  concrete  framing, and it is  mainly with 
t h i s  type t h a t  t h i s  paper by J. Ber th ie r  of C.S.T.B. dea l s .  The 
t r a n s l a t i o n  includes only Par t s  1 and 2 of the paper, descr ib ing  t h e  
r e s u l t s  of labora tory  measurements, s ince  these a r e  of p a r t i c u l a r  
i n t e r e s t  t o  the Division. 

The Division i s  g r a t e f u l  t o  Mr. D.A. S i n c l a i r  of  the  N.R.C. 
Translat ions Sect ion f o r  preparing t h i s  t r a n s l a t i o n .  

Ottawa N .B. Hutcheon 

August 1964 Ass i s t an t  Di rec to r  
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FOREWORD 

The following is a r e p o r t  on a new s tage  i n  t h e  researches undertaken by 

the Centre Sc ien t i f ique  e t  Technique du ~ g t i m e n t  (C.S.T.B.) on what we c a l l  
the  "hygrothermal c h a r a c t e r i s t i c s "  of e x t e r n a l  wal l s ,  1 . e .  t he  cha rac te r i s -  
t i c s  Involved i n  problems of humidity and hea t .  

The f i r s t  researches d e a l t  with the  r e s i s t a n c e  of wal l s  t o  r a i n ;  t h e  
r e s u l t s  were published i n  our Cahiers (No. 178, Sect ion 19):  " ~ e s i s t a n c e  of 
porous ma te r i a l s  t o  r a in"  (whole b r i cks ,  concrete  blocks, s o f t  l imestone) and 

(NO. 312, Sect ion 39): "Some r e s u l t s  of r a i n  t e s t s  on l i g h t  masonry" (with o r  

without coat ing) .  These inves t iga t ions  made it poss ib le  t o  develop t e s t i n g  

methods: " ~ e s e a r c h  and checking t e s t s  approved by C.S.T.B." ( ~ a h i e r  No. 312, 
Sect ion 39),  t o  which reference has been made I n  the  acceptance re so lu t ions ,  

e s p e c i a l l y  with reference  t o  the c a p i l l a r i t y  requirements under pressure  of 
wall  ma te r i a l s .  

The inves t iga t ions  were then d i rec ted  t o  the  U values of walls .  The 
r e s u l t s  were published under the  t i t l e :  "~ecomrnendations f o r  the  use of l i e f i t  

masonries'' (hollow t e r r a  c o t t a  bloclcs, concrete  blocks, l i g h t  tamped concrete,  
autoclaved c e l l u l a r  concrete)  Cahier No. 34, Sect ion 287. Here we f i n d  f irst  

a r e p o r t  on t e s t s  ending with the  determination of "usefu l  U" values,  1 . e .  U 

values of walls  tak ing  i n t o  account t h e i r  moisture content .  We then f i n d  
recommendations e s t a b l i s h i n g  maxlrnurn admissible U values,  and hence minimum 
thicknesses of walls ,  with s p e c i a l  reference t o  the  dangers of su r face  conden- 
s a t i o n  depending on the  r a t i n g  of the  equipment and occupation of t h e  bui lding.  

The inves t iga t ions  described here concern the  weak thermal po in t s ,  
commonly hown a s  thermal br idges.  They owe t h e i r  o r i g i n  t o  the  d e s i r e  t o  
combat surface condensation. In P a r t  111 prec ise ,  q u a n t i t a t i v e  recommendations 

a r e  made concerning means of reducing t h e  e f f e c t s  of  weak thermal p o i n t s  i n  
heavy concrete frame wal ls .  It was poss ib le  t o  e s t a b l i s h  only general  p r i n c i -  
p l e s  f o r  t h i n  l i g h t  walls  with wooden o r  metal framing. The p a r t i c u l a r  case 
of wal l s  with a i r  gaps has no t  been d e a l t  with. 

Inves t iga t ions  a r e  now underway on a i r  gaps i n  wal l s  and roofs  with two 
ob jec t ives :  t o  combat condensation i n  the  wall  mater ia l ,  and t o  provide pro- 
t e c t i o n  aga ins t  in so la t ion .  The former problem has a l r eady  been touched on in 

connection with roofs  i n  Cahier No. 31, Sect ion 259  onde dens at ion below s e l f  
supporting aluminium roof ings" . 

A summarization and syn thes i s  o f  these  various inves t iga t ions  w i l l  be 
found i n  Vol. I1 of the  R.E.E.F.-58, t h e  chapter  on "Hygrothermics and 
v e n t i l a t i o n .  

M.  Croise t  
Chief of the  Division "~ygro the rmics  of Materials"  
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WEAK THERMAL POINTS OR THBRMAL BRIDGES 

Summary 

Uniformity of temperature on the  i n t e r n a l  sur face  is  one 
of the e s s e n t i a l  hygrothermal c h a r a c t e r i s t i c s  of a  wall .  

The weak thermal poin ts ,  which a r e  the  cause of uneven 
temperatures, c o n s t i t u t e  a  weakness which ought to be e l lmi-  
na ted  . 

The author descr ibes  a  l a rge  number of t e a t s  ca r r i ed  out  
with various types of wal l  (dense wal ls  and l ightweight  pane l s )  
i n  o rde r  t o  a s sess  the Importance of  thermal br idges and t o  
determine the  e f fec t iveness  of poss ib le  remedies. He shows t h a t  
t h e  accepted theory used in the  c a l c u l a t i o n  of U values i s  
unsa t i s fac to ry  when es t imat ing  su r face  temperatures. The r e s u l t s  
obtained can be explained, however, by two simple hypotheses. 
From these,  p r a c t i c a l  r u l e s  a r e  derived by which t h e  e f f e c t  of a  
thermal b r idge  can be estimated, and recommendations a r e  made f o r  
reducing t h i s  e f f e c t .  

Introduct ion 

Considerations of comfort, econonly and h e a l t h  r equ i re  the  U value of the  
e x t e r n a l  walls  of a bu i ld ing  t o  be kept small .  The upper l i m i t  depends on a  

number of f a c t o r s ,  f o r  example: 
- t he  funct ion of t h e  wall  ( roof ,  fagade, gable, e t c .  ); 
- the  type of bui ld ing  (school,  o f f i c e ,  various ca tegor ie s  of dwell ing);  
- geographical loca t ion  of the  bu i ld ing  ( c l i m a t i c  zone); 
- t he  wal l  mass. 
Tables published i n  C.S.T.B. Cahlers No. 34 and the  bu i ld ing  r u l e s  

contained i n  R.G.E.F.-58 ( 2 , 3 )  give maximum recommended U values i n  each case.  
Merely t o  follow these  r u l e s ,  however, is not  enough t o  a s su re  s a t i s f a c -  

t o r y  hygrothermal behaviour of the  wall .  For t h i s  the  i d e a l  would be f o r  the  
temperature t o  be t h e  same a t  every p o i n t  on the  I n t e r i o r  face  of t h e  wall .  
In the case of a  homogeneous wal l  s epa ra t ing  two spaces,  an i n t e r i o r  one of 
temperature TI and an outs ide  one of temperature Te, the  temperature e1 on 
the  i n t e r i o r  sur face  of the  wall  once equil ibr ium has been es t ab l i shed ,  is 
given by t h e  equat ion 



where U i s  the o v e r a l l  c o e f f i c i e n t  of hea t  t ransmission and hi i s  t h e  i n s i d e  

sur face  conductance* . 
The above equat ion shows t h a t  t he re  a r e  two causes of non-uniforniity i n  

the  sur face  temperatures.  F i r s t  t h e r e  i s  he te rogenei ty  i n  the  wal l ,  producing 
d i f f e r e n t  l o c a l  U va lues .  This  i s  very frequent  because ma te r i a l s  with d i f -  
f e r e n t  thermal c o e f f i c i e n t s  a r e  inc reas ing ly  being placed s i d e  by s i d e  i n  con- 
s t r u c t i o n s ,  f o r  example: 

- a f i l l i n g  of hollow b r i cks  next  t o  a framing of re inforced  concrete;  
- a metal framing around a panel  of a faqade o r  i t s  i n t e r n a l  framing, 

next  t o  the  i n s u l a t i o n  which i t  enc loses .  
A l l  those elements which have l e s s  i n s u l a t i n g  e f f e c t  than the  main p a r t  

of the wal l  a r e  weak po in t s  from the  thermal po in t  of view. They a r e  conlmonly 
known a s  "thermal br idges" .  

The second cause is a v a r i a t i o n  of su r face  hea t  exchange r e s u l t i n g  in a 
v a r i a t i o n  of t he  c o e f f i c i e n t  hi. These v a r i a t i o n s  may be produced by a de- 

c rease  i n  the  exchanges due t o  r a d i a t i o n  (on an alunliniurn nloulding, f o r  
example) o r  convection ( a t  corners ,  behind f u r n i t u r e ) .  

Generally speaking t h e  observed phenomena a r e  t h e  r e s u l t s  of these  various 
causes and it i s  impossible t o  determine the  share  of each. 

Traces of condensation on the  c e i l i n g  of a basement apartment room 
on cold spots  produced by the  t i e  bean and the  

j o i s t s  of t h e  ground f l o o r  

The disadvantages of non-uniformity of su r face  temperatures a r e  numerous. 
I n  sumer thermal br idges lead t o  warmer temperatures.  In a temperate 

cliniate t h i s  is  not  very se r ious  and the  wal l  does not  s u f f e r  from it.  During 
cold weather, however, when the  temperature of a thermal br idge i s  lower than 

* The c o e f f i c i e n t  cha rac t e r i zes  the  thermal  exchanges between the  a i r  and the  
sur face  of t he  wal l .  It depends t o  a small  e x t e n t  on sur face  condi t ion  and 
much more on the  v e l o c i t y  of t h e  a i r  i n  contac t  with it .  

- .  -- 



t h e  main p a r t  of t he  wa l l  t h e  s i t u a t i o n  Is d i f f e r e n t .  Seve ra l  phenomena may 

then  be observed 

Condensation t r a c e s  i n  t he  room of  a ground f l o o r  apartment 
a t  t h e  gable  end on co ld  s p o t s  produced by t h e  co rne r s  

of  t h e  f l o o r s  and t h e  e x t e r n a l  wa l l s  

The main one i s  condensat ion o f  mois ture  from t h e  room a i r  on t h e  s u r f a c e  
of t h e  wa l l .  This  w i l l  happen a s  soon a s  t h e  dew-point of t h e  humid a i r  of  
t h e  room i s  above t h e  temperature  of t h e  thermal  b r idge  s u r f a c e .  Condensation 
w i l l  occur  first a t  t h i s  p o i n t  and t h e  amount o f  condensat ion w i l l  be  g r e a t e s t  
e i t h e r  du r ing  a per iod  of h igh  humidity o r  one o f  s eve re  co ld .  

It i s  no t  ou r  purpose h e r e  t o  s tudy  t h i s  phenomenon and i t s  consequences 
i n  d e t a i l ,  but  we wish t o  p o i n t  ou t  t h a t  a co ld  s p o t  on the  s u r f a c e  of a wa l l  
i s  i t s  primary cause .  The e x t e n t  of condensat ion w i l l  depend, of  course ,  on 
t h e  cond i t i ons  of occupat ion of t h e  b u l l d i n g  (p roduc t ion  of  mois ture ,  
v e n t i l a t i o n ,  hea t ing ,  e t c . )  but  before  a t t emp t ing  t o  p r o t e c t  a g a i n s t  t h e  
e f f e c t s  o f  t h i s  phenomenon i t  appeared necessary  t h a t  t h e  wa l l  i t s e l f  should 
be designed t o  prevent  i t  by p rov ld lng  a s u f f i c i e n t l y  uniform temperature  on 
t h e  I n t e r i o r  f ace .  

Furthermore,  I n  t he  absence of  any humidity i n  t h e  room, a cold  s p o t  
g ives  r i s e  t o  ano the r  phenomenon known a s  dus t  p a t t e r n s .  Even i n  rooms used 
a s  o f f i c e s ,  where t h e  atmosphere Is always dry, t h e  c o l d  zones r e s u l t i n g  from 
the  beams, t i e s  o r  even j o i n t s  between masonry b locks  even tua l l y  become 



out l ined  by a  considerable depos i t  of dus t .  This phenornenorl can apparent ly 

be explalned a s  follows: 

The dus t  p a r t i c l e s  a r e  kept i n  suspension I n  the  a i r  by molecular 

a g i t a t i o n  and the  shocks r e s u l t l n g  from i t .  This a g i t a t i o n  increases  with 

increas ing  temperature. In the v i c i n i t y  of a  cold spot  a  d isequi l ibr ium occurs 

In  t h e  in te rac t ion ,  and the  dus t  p a r t i c l e s  a r e  thrown aga ins t  the  cold spot .  

Since t h e  l a t t e r  i s  genera l ly  moist a s  a  r e s u l t  of even very s l i g h t  condensa- 

t ion ,  the dus t  p a r t i c l e s  c l i n g  b e t t e r  t o  i t .  
Although t h i s  phenomenon is  not  a s  se r ious  a s  condensation, it i n d i c a t e s  

t h a t  whatever the  type of construct ion,  a thermal br idge is always a  defec t .  

The purpose of the present  a r t i c l e  i s  t o  r epor t  on the  s t u d i e s  made by 

C.S.T.B. with a  view t o  i n v e s t i g a t i n g  p r a c t i c a l  methods of obta in ing  s a t i s -  

f ac to ry  uniformity of  temperatures on i n t e r i o r  su r faces .  

P a r t  I w i l l  be devoted t o  a  q u a l i t a t i v e  s tudy of the phenomena. 

P a r t  I1 w i l l  r epor t  on some a r t i f i c i a l  q u a n t i t a t i v e  t e s t s  c a r r i e d  out  on 

a  number of s p e c i a l  cases.  

Pa r t  I11 w i l l  at tempt t o  explain the  r e s u l t s  on the  b a s i s  of a  s impl i f ied  

theory. From t h i s  we s h a l l  be ab le  t o  genera l ize  I n  a  number of simple cases.  

F ina l ly ,  i n  Pa r t  N, drawing conclusions from our study, we s h a l l  give 

p r a c t i c a l  r u l e s  f o r  es t imat ing  the  e f f e c t  of a  thermal b r idge  and cor rec t ing  

it. 

P a r t  I 

Q u a l i t a t i v e  Approach t o  the  Problem by Semi-Natural Tes ts  

P r inc ip le  of semi-natural t e s t s  

The p r i n c i p l e  underlying these t e s t s  i s  a s  follows. 

I n  a  bui lding,  whose ex te rna l  walls  a r e  the  wal ls  t o  be s tudied ,  a warm 

and humid atmosphere i s  produced during the  winter  in the  i n t e r i o r  c lose  t o  

the  Ins ide  sur face  of the  wall .  The ex te rna l  condit ions a r e  na tu ra l .  

These t e s t s  were ca r r i ed  out  only on walls  of the  relnforced concrete  

frame type f i l l e d  with l ightweight  masonry. 

To f a c i l i t a t e  our s tudy we have chosen f o r  the  f i l l i n g  c e l l u l a r  concrete 

of dens i ty  0.6 kg/dm3 ( k  = 0.3 kcal/mh0c) which i s  decidedly more i n s u l a t i n g  

than the  mass concrete of the  framework (d = 2.2; k  = 1.5).  

Three types of thermal weak po in t s  have been considered. 

- t o t a l  bridge, with framework t r a v e r s i n g  t h e  wa l l  completely; 

- p a r t l a l  bridge with i n t e r n a l  o r  e x t e r n a l  insu la t ion ;  

- bridge and i n t e r n a l  concrete  s l a b  d i f f u s i n g  the  hea t  f lux .  

In the  second case the  width of the  thermal bridge was varied a s  well  a s  
the  thickness of the insu la t ion .  



These walls  had an ex te rna l  coat ing  of lime-cement mortar and an i n t e r i o r  
coat ing of p l a s t e r  1 cm th ick .  A reac t ive  p a i n t  was applied over the p l a s t e r  
i n  o rde r  t o  emphasize the condensation and t o  permit a  rough es t imat ion  of  i ts 

ex ten t .  

Results  

Figure 1 shows both the cons t ruc t ion  of the d i f f e r e n t  bridges and the 
r e s u l t s  obtained. 

In the  case of the t o t a l  bridge, 1 .e .  the  framework t r ave rs ing  the  e n t i r e  
thickness of the wall, whether t h i s  bridge was wide ( v e r t i c a l  framing member 
in the cent re  of the f i g u r e )  o r  narrow (hor izon ta l  frame member t o  the l e f t )  
very considerable t r aces  of condensation appear. 

A t  the extreme l e f t ,  on the thermal bridge with d i f fused  heat  f l u x  the 
mildews a r e  def i n i t e l y  l e s s  apparent.  

A t  the r i g h t ,  on the various p a r t i a l  cold bridges with i n t e r i o r  Insula- 
t ion ,  the t r aces  of condensation a r e  p r a c t i c a l l y  non-existent.  No d i f fe rence  
can be discerned between the  wide and narrow ones on the  one hand and the  more 
o r  l e s s  insula ted  ones on the  o ther .  

However, t o  the l e f t ,  on the  two p a r t i a l  cold bridges with ex te rna l  
i n s u l a t i o n  the  condensation t r a c e s  a r e  very marked, p r a c t i c a l l y  s i m i l a r  t o  
those obtained on the  t o t a l  cold bridges.  

A t  first glance t h i s  appears t o  be a s u r p r i s i n g  r e s u l t .  Actually,  the  
ca lcula ted  thermal conductance of the  wall  a t  the  thermal bridge is  t h e o r e t i -  
c a l l y  the  same whether the  i n s u l a t i o n  i s  placed i n s i d e  o r  outs ide .  S imi la r ly  
the  thermal bridge with diffused heat  f l u x  has the  same U value a s  the  t o t a l  
bridge. 

In f a c t ,  these r e s u l t s  'show t h a t  the  problem is  much more complex, and 
t h a t  merely conlparing wall  U values a t  the thermal bridges with c o e f f i c i e n t s  
a t  r i g h t  angles t o  the  U values i n  the  main p a r t  of t h e  wall  i s  by no means 
s u f f i c i e n t  t o  solve it o r  even t o  p r e d i c t  the  form t h a t  the phenomena w i l l  
take.  

It is because of these  d i f f i c u l t i e s  t h a t  we have undertaken much more 
p rec i se  a r t i f i c i a l  t e s t s  which w i l l  enable us t o  dea l  q u a n t i t a t i v e l y  with these 
phenomena. 

P a r t  I1 

7 Q u a n t i t a t i v e  Study - A r t i f i c i a l  Tes ts  

Charac te r i s t i c s  of a  thermal bridge 

The problems presented by thermal bridges can be reduced t o  t h e  de te r -  
mination of  the temperatures on t h e  I n t e r i o r  face  of the  heterogeneous wall 



when the  l a t t e r  i s  s i t u a t e d  i n  a  cold ex te rna l  and warm i n t e r n a l  environment. 
The curve giving the temperature d i s t r ibu t io r l  on the i n t e r n a l  sur face ,  a s  

shown f o r  example i n  Fig. 2, then enables us t o  charac ter ize  the  thermal 
bridge. Two elements must be considered, f i rst  the spreading out  of the curve 
which enables us t o  determine the width of the  zone where condensation i s  t o  

be feared,  and second the  temperature of the co ldes t  spot .  The absolute value 
of t h i s  temperature is not  so  important because it depends e s s e n t i a l l y  on the  
i n t e r i o r  and e x t e r i o r  temperatures. We therefore  introduce a c o e f f i c i e n t  
which charac ter izes  the  heterogeneity of i n t e r i o r  sur face  temperature: 

where Ti i s  the  i n t e r i o r  a i r  temperature, 8 the  I n t e r i o r  surface  temperature 
of a  po in t  i n  t h e  thermal bridge zone and., 0, the  i n t e r i o r  sur face  ten~pera ture  
a t  a point  remote from the  thermal bridge i n  the  main p a r t  of the  wall .  

In P a r t  I11 i t  w i l l  be shown t h a t  t h i s  r a t i o  is p r a c t i c a l l y  independent 
of the i n t e r i o r  and e x t e r i o r  temperatures. Denoting the  maximum value of p 

by P,, then 

where Qm i s  the  temperature of the  coldes t  poin t  on the  thermal bridge.  
This coe f f i c i en t ,  which we s h a l l  c a l l  the  c o e f f i c i e n t  of i n t e r i o r  sur face  

temperature heterogeneity ind ica tes  t o  a  c e r t a i n  ex ten t  by how much the  
coldes t  poin t  i s  colder  i n  r e l a t i o n  t o  the  i n t e r n a l  a i r  temperature than the  
main p a r t  of the  wall .  

We s h a l l  wish t o  compare t h i s  c o e f f i c i e n t  t o  the  c o e f f i c i e n t  pc ( theore t -  
i c a l  ca lcula ted  c o e f f i c i e n t )  which is determined from the wall  U value a t  the  
thermal bridge ( U  ) and the  wall  U value away from the  thermal bridge* (uc)  

P 
a s  follows: 

Test  method 

Exact determination of the  curve of pvalues  by ca lcu la t ion  i s  impractic- 
able .  

* Trans la to r ' s  note:  There i s  no exact  rendering f o r  " l a  p a r t i e  courante du 
mur". It means b a s i c a l l y  any p a r t  of the  wal l  not  c lose  t o  the edges. 



The method of d i r e c t  observation i s  de l i ca te ,  because the measurement of 
a surface  temperature i s  d i f f i c u l t  t o  ca r ry  out with prec is ion .  However, i t  

is the only way i n  which the  various f a c t o r s  which may influence p can be 

taken In to  account. 
The t e s t s  were ca r r i ed  out  i n  the thermal roorn of the  Champs-sur-Marne 

experimental s t a t ion( ' )  (Fig.  3 ) .  
The wall  containing the thermal bridges t o  be s tudied divided the  room 

i n t o  two spaces. The i n t e r i o r  warm space was kept  a t  a cont ro l led  temperature 
of approximately 30°C while the  e x t e r i o r  cold space was kept a t  about - 5 O C .  

The i n t e r i o r  temperature was placed i n t e n t i o n a l l y  higher  than average room 
ter;lperature i n  order  t o  increase the  d i f ference  between the  two environments, 

thereby enhancing the accuracy of the measured i n t e r i o r  sur face  temperature. 
This w i l l  not a f f e c t  the  r e s u l t s  because the  values of p a r e  p r a c t i c a l l y  
Independent of temperature. A i r  teniperatures were recorded continuously during 
the  t e s t  by means of r e s i s t ance  thermometers connected t o  a recording po ten t i -  
ometer. Furthermore, s ince  the purpose of the  study was t o  e l iminate  condensa- 
t ion ,  matters were arranged so t h a t  the  thermal c h a r a c t e r i s t i c s  of the  
mater ia ls  and t h e i r  temperature would not be af fec ted  by condensation. The 
atmosphere of the  i n t e r i o r  room was dry (approximately 35% r e l a t i v e  humidity) 
so  t h a t  no condensation would take place on the  cold spots .  

The wall  sur face  tenrperaturee were measured with Iron-constantan thermo- 
couples 1/10 rnm i n  diameter. These thermocouples were connected t o  a 12-point 
recording potentiomneter. Temperatures were thus recorded simultaneously a t  
12 points  on the  zone in question. We thus obtained an accurate  summary of the  
surface  temperature curve (Fig.  2 ) . 
Note I: 

Glc wish t o  r e c a l l  one of the  c h a r a c t e r i s t i c s  of the room which i s  
e s s e n t i a l  t o  the study. This has t o  do with the  surface  heat  exchanges between 

* t h e  a i r  and the wall .  A c e r t a i n  number of measurements ca r r i ed  out  on homoge- 
neous walls have shown t h a t  the  convection condit ions created In  the  two rooms, 
f o r  walls with U values of approximately 1.2 kcal/(m2hoc), gave surface  con- 
ductances of approximately 7 kcal/(m2hoc) f o r  the  i n t e r i o r  environment and 
18 kcal/(m2h0c) f o r  the  e x t e r i o r .  It was very Important t h a t  t h e  Ins ide  sur-  
face  heat  exchanges durlng the  t e s t s  were s i m i l a r  t o  p r a c t i c a l  sur face  heat  
f o r  the t e s t  wall  o r  a t  l e a s t  t o  t h e o r e t i c a l l y  determined value (1.e .  hi = 

7 kcal/(m2h0c). It may then be assumed t h a t  sur face  temperature va r i a t ions  
w i l l  be due t o  wall  thermal p roper t i e s .  



Note I1 

Some inves t iga to r s  have taken advantage of the s i m i l a r i t y  between the  

equations of e l e c t r i c a l  transmission and those of hea t  t ransmission i n  o rde r  

t o  cons t ruc t  e l e c t r i c  roodels of wa l l s (9 ) .  Thus a  continuous model can be 
obtained with e l e c t r o l y t e s .  The determination of temperatures i s  then replaced 

by a  determination of vol tage,  which i s  rrruch more accura te .  
However, these provide only approximate so lu t ions ,  f o r  the  fol lowing two 

reasons : 
Surface conductance, which i s  represented by f ixed r e s i s t a n c e s  i n  such a  

model, i s  a  funct ion  of the  temperature d i f f e rence  b e t ~ e e n  the  environment and 
the wall ,  thus of what we a r e  t r y i n g  t o  determine. A method involving succes- 
s i v e  approximations should enable us t o  take the v a r i a t i o n  of su r face  conduc- 
tance i n t o  account. Accuracy may be decreased, however, s ince  the  way in 

which sur face  conductance v a r i e s  with temperature i s  not  very well  known. 
The second reason i s  much more ser ious ,  because the re  i s  no simple way of 

avoidlng it .  This  has t o  do with the f a c t  t h a t  hea t  exchange between two 
mate r i a l s  i n  contact  i s  dependent not  only on t h e i r  conduct ivi ty c o e f f i c i e n t  
but  a l s o  on t h e i r  s p e c i f i c  hea t  and dens i ty .  E l e c t r i c a l  analogy methods 
cannot reproduce conduct ivi ty r a t i o s  and do not  take  i n t o  account thermal 
capaci ty.  

Choice of types of thermal br idges 

The t e s t  method used i s  not  very quick. It i s  necessary t o  wait  f o r  the  
establ ishment  of s teady s t a t e  hea t  flow condit ions f o r  each wall .  This  may 
take t e n  o r  more hours f o r  l i g h t  panels  and a s  much a s  fo r ty -e igh t  hours f o r  
heavy masonry wal ls .  

Once s teady s t a t e  has been es t ab l i shed  with the thermocouples i n  p lace  
from the beginning of the  t e s t ,  a i r  and su r face  temperatures can be recorded 
i n  f i f t e e n  minutes. The a c t u a l  measuring time is thus very small  compared 
with the  time required t o  reach s teady s t a t e .  A s  a r e s u l t  s e v e r a l  t e s t  models, 

genera l ly  four ,  a r e  grouped i n  a s i n g l e  wall .  Only the  most c h a r a c t e r i s t i c  
types a r e  s tudied .  

Our choice was guided by one prime cons idera t ion .  We c l a s s i f i e d  the  walls 
i n  th ree  ca tegor ies  according t o  the thermal c h a r a c t e r i s t i c s  of the  ma te r i a l s  
from which they a r e  made: 

F i r s t  we have pure masonry walls ,  i n  which reinforced concrete  is next t o  
l ight masonry (hollow br ick ,  a r t i f i c i a l  s tone,  l ight-weight concrete,  e t c . ) .  
These walls  may be constructed i n  the t r a d i t i o n a l  manner o r  may c o n s i s t  of  
l a r g e  prefabr ica ted  panels  conta in ing  these  elements. The th ickness  of these  
wal ls  va r i e s  between 20 and 30 cm, the r a t i o  of d e n s i t i e s  of the  ma te r i a l s  



present  is  between 2  and 4 and t h a t  of the thermal conduc t lv i t l e s  between 3 
and 5. 

Next, we have mixed walls  i n  which reinforced concrete  and very l i g h t  
i n s u l a t i n g  mater ia ls  a r e  used s i d e  by s ide ;  these  a r e  genera l ly  l a rge  prefab- 
r i c a t e d  panels .  They have about the same thickness a s  the  above walls ,  but  

the  r a t i o  of d e n s i t i e s  of the  mater ia ls  va r i e s  between 20 and 100 and the  r a t i o  

of conduc t iv i t l e s  between 30 and 50. 
F ina l ly ,  we have l i g h t  walls ,  of thickness between 3 and 5 cm, which 

cons i s t  of very l i g h t  i n s u l a t i n g  ma te r i a .1~  standing next t o  wood o r  metals.  
The c h a r a c t e r i s t i c s  of the  ma te r i a l s  c o n s t i t u t i n g  the  d i f f e r e n t  types of 

walls  a r e  summarized i n  the  fol lowing t a b l e :  

Heavy wal ls  

Reinforced concrete framework with l i g h t - w e i ~ h t  masonry f i l l i n g  o r  l a r ~ e ,  

l iyht-weiaht  nlasonry panels  
We have adopted the  same types of thermal br idges t h a t  had been s tudied  

Conductivity 
k  i n  

kcal/(mhoc) 

1 .5  
0.3 t o  0.6 

1 .5  

0 . 0 3 t o 0 . 0 5  

0.1 t o  0.15 
50 t o  170 

0 . 0 3 t o 0 . 0 5  

previously i n  the  semi-natural t e s t s .  For convenience the  models consis ted of 
blocks of c e l l u l a r  concrete  (d = 600 kdm3, k = 0.3)  in t e r rup ted  by a  dense 

concrete  framing (d = 2,200, k = 1 .5 ) .  
Tota l  bridge. In add i t ion  t o  the  t o t a l  thermal bridge (Fig.  4, models 

A ,  and A , )  f o r  which we took the same two widths a s  s tudied  i n  the  semi-natural 
t e s t s ,  namely 7.5 and 22.5 cm, we studied various arrangements i n  which, a  
p r i o r i ,  i t  was poss ib le  t o  ob ta in  more uniform i n t e r i o r  sur face  temperatures. 

The d i f f e r e n t  arrangements studied can be reduced t o  two. 
F i r s t  2,rrangement: Thermal br idge with i n t e r i o r  d i f f u s i o n  l a y e r  (Fig.  5 ) .  
One so lu t ion  c o n s i s t s  i n  d i f f u s i n g  the sur face  temperatures by p lac ing  a  

comparatively conductive ma te r i a l  over  the e n t i r e  i n t e r i o r  sur face  of the  wal l .  

Density 
In 

2200 
600 t o  1000 

2200 

2 0 t o 1 0 0  

400 t o  700 
3000 t o  8000 

2 0 t o 1 0 0  

Types of wall  

m 
rl 

3 .  

5 
g 

4 
rl 

+.r a 
63 
c-l 

Reinforced CONCRETE frame and . . 
... LIGHT \EIGHT IIASONRY f i l l i n g  

... Large prefabr ica ted  concrete  

panel incorpora t ing  very l i g h t  
INS ULAT I O N  ................... 

Curtain o r  panel  fagade walls  ....... with a  framing of WOOD 

....................... o r  PETAL 

...... and very l i g h t  INSULATION 



The ef fec t iveness  of t h i s  method had been demonstrated i n  the  semi- 
n a t u r a l  t e s t s .  I n  the a r t i f i c i a l  t e s t s  we attempted t o  ca lcu la te  i t .  

S t a r t i n g  with a  bridge comprising a  framework of compact concrete i n t e r -  
s e c t i n g  a c e l l u l a r  concrete block wall  20 cm th ick ,  we studied the  e f f e c t  of 

a compact s l ab  of concrete 5 cm i n  thickness ( B , )  f o r  frame widths of 7.5 and 
22.5 cn. We thought i t  would be i n t e r e s t i n g  t o  increase the  conductivi ty of 
t h i s  s l a b  i n  the  l a t e r a l  d i rec t ion ,  perpendicular t o  the  framing. For t h i s  
purpose, add i t iona l  s l abs ,  i d e n t i c a l  t o  the  preceding ones except t h a t  they 
were s t rongly  reinforced viith i r o n  rods running perpendicular  t o  the  framework 
(B,), were applied t o  the  i n t e r i o r  sur face .  

Similar ly,  we t r i e d  t o  increase  the  e f fec t iveness  of a  p l a s t e r  coat ing  
(of r e l a t i v e l y  low conduct iv i ty)  by re in fo rc ing  i t  s t rong ly  with two l aye rs  of 

gr i l lwork (B,) . 
S t i l l  o ther  specimens were constructed t o  determine t h e  e f f e c t  of various 

degrees of f l a r i n g  of the  framework. 
F i n a l l y  we sought t o  determine the  e f f e c t  of a  framing which by p ro jec t -  

ing  g r e a t l y  on t h e  e x t e r i o r  forms a cordon, and hence a  kind of cooling f i n ,  
by increas ing  the area  of the  e x t e r i o r  su r face .  

Second arrangement: Insula t ion  of thermal bridge.  
Rio so lu t ions  have been studied:  
(1) P a r t i a l  br idges (Fig. 6 ) .  I n  t h i s  so lu t ion  the framing does not  go 

a l l  the  way through the  wall  and i s  thus insula ted  by a c e r t a i n  thickness of 
the  material* v~hich c o n s t i t u t e s  the  main p a r t  of the wall .  

The semi-natural t e s t s  demonstrated t h a t  the re  was a  g rea t  d i f ference  In 

ef fec t iveness  depending on whether the  insu la t ion  was placed ins ide  o r  outs ide .  
With a  view t o  determining these  e f f e c t s  more accura te ly  we studied the  same 
types of thermal bridges i n  the  a r t i f i c i a l  t e s t s .  

For t h i s  purpose a  c e l l u l a r  concrete wall  20 cm t h i c k  was constructed. 
This wall  was p a r t i a l l y  in te r sec ted  by two dense concrete frameworks, one 
7.5 cm wide and the o the r  22.5 cn wide. The res idua l  thickness of the  c e l l u l a r  
concrete was 5 cm and 7.5 cm, respect ive ly .  Four specimens were thus ava i l -  
ab le .  Thls wall  was t e s t ed  on both s i d e s  s o  t h a t  the  i n s u l a t i o n  could be 
placed successively on the ins ide  and on the outs ide .  

( 2 )  Corrected b r l d ~ e s  (Fig.  7 ) .  This term r e f e r s  t o  a  bridge insula ted  
by very e f f e c t i v e  i n s u l a t i n g  n a t e r i a 1 , t h e  thiclmcss of which was ca lcula ted  so  
t h a t  the  U value a t  r i g h t  angles t o  the  insula ted  framework would be equal t o  
t h a t  ca lcula ted  f o r  the  main p a r t  of the wall .  (We then have pc = 1.) We 

* See t r a n s l a t o r ' s  note,  p.10. 



aga in  took the  case of wal l  A, where the  thermal br idge  cons i s t ed  of a  dense 

concre te  framework in t e r l s cc t ing  a  20 cm t h i c k  wal l  of c e l l u l a r  concre te  covered 

by a  p l a s t e r  coa t ing  2.5 cm t h i c k .  In t h e  f i r s t  t e s t  t h e  p l a s t e r  was removed 

oppos i te  t he  frames which were 7.5 and 2P.5 cm widc, and rep laced  with  2 cm of 

ae ra t ed  polystyrene . 
One t e s t  was c a r r i e d  out  with po lys tyrene  on t h e  i n t e r i o r  and one wi th  

po lys tyrene  on t h e  e x t e r i o r .  

The 2 cm thlclcness was chosen i n  such a  way t h a t  U = Uc, 1 . e .  pc = 1. 
P 

Large concre te  pane l  with very l i g h t  i n s u l a t i n g  m a t e r i a l s  incorpora ted  i n  i t  
I n  genera l ,  thcse  panels  a r e  b u i l t  i n  sandwich fash ion;  a  very good 

i n s u l a t i n g  ma te r i a l ,  vrliich provides  good t h e r ~ r ~ a l  i n s u l a t i o n ,  i s  sandwiched 

between two concre te  s l a b s  of var ious  th icknesses  which perform t h e  o t h e r  func- 

t i o n s  of t he  wal l  (n~echanica l  s t r e n g t h ,  permeabi l i ty ,  thermal I n e r t i a ,  e t c  . ) . 
Very f requent ly ,  then,  thermal br idges  a r e  formed by t h e  concre te  Jo in ing  

s t r i p s  between the  o u t e r  and i n n e r  s l a b s  o r  by the  j o i n t s  between two pane ls .  

The d i f f e r e n c e  between t h e  c o n d u c t i v i t i e s  and s p e c i f i c  g r a v i t i e s  of the  d i f -  

f e r e n t  ma te r i a l s  involved ( k  = 1 . 5  kcal/(mhoc); d = 2,200 kg/rn3 f o r  t h e  con- 

c r e t e  and k = 0.03 t o  0.05; d = 20 t o  100 f o r  t h e  insulation) r e s u l t s  i n  very 

s u b s t a n t i a l  thermal br idges .  

I n  t h i s  case  w e  t r i e d  t o  determine p r e c i s e l y  t h e  r e spec t ive  r o l e  of t he  

two concre te  s l a b s ,  e s p e c i a l l y  t h a t  of  t h e  I n t e r i o r  one. 

The wal l s  s tud ied  had t h e  fo l lowing  th icknesses :  

A concrete  s l a b  of  5 cm; a  s l a b  of po lys tyrene  3 cm t h i c k  (g iv ing  a 
u s e f u l  t h l c k r ~ e s s  of about 2 . 5  cm, s i n c e  t h e  concre te  pene t ra ted  s l i g h t l y  i n t o  

t he  po lys tyrene  on both i t s  f a c e s ) ;  and a  concre te  s l a b  15 cm t h i c k .  Openings 

7.5 cm, 15  cni, 22.5 crn and 45 cm wide were provided i n  t he  po lys tyrene ,  t hus  

c o n s t l t u t l n g  a  l i n k  between the  two s l a b s ,  and a  ther l r~al  b r idge .  

These wal l s  were t e s t e d  with t he  5 cm s l a b  and t h e  15 cm s l a b  succes s ive ly  

on t h e  ;rarm s i d e .  

Spec i a l  t h c r ~ t a l  b r i d r e s  

;:e a l s o  I n i t i a t e d  a  s tudy  of therrnal b r idges  e x i s t i n g  a t  co rne r s .  The 

s tudy  Is evcn more con,plex, because i t  i s  necessary t o  d i s t i n g u i s h  between t h e  

corner  where ttro i d e n t i c a l  e x t e r n a l  wal l s  Jo in  ( ~ 1 . g .  8) and the  corner  where 

an e x t e r n a l  wa l l  is joined by a  partition o r  f l o o r  (I?ig. 9 ) .  
Thercal  bridr;es a t  t h e  corner  between two e x t c r n a l  wa l l s .  In t h i s  case ,  

even k ~ i t h  two wal l s  having the  same U value,  t h e  temperatures  a t  t h e  co rne r  

t r i l l  be d i f f e r e n t  from t h e  terirperatures elsewhere on t h e  wa l l s .  There a r e  two 

reasons folh t h i s :  

F i r s t  t h e  su r f ace  a r e a  of t he  e x t e r n a l  wa l l  Is g r e a t e r  than  t h a t  of t h e  
i n t e r n a l  wa l l .  Thc car;& f l o w  of cold fro1-1 t h e  e x t e r i o r  w i l l  t hus  lead  t o  



lower t en~pera tu rcs  than on a  wal l  with p a r a l l e l  f aces .  

Then, t h e r e  i s  a reduct ion  i n  the  r a d i a t i o n  and convection su r face  hea t  

exchanges. This f u r t h e r  con t r ibu te s  t o  the  lowering of t he  temperature on t h e  

i n s i d e  su r face .  

A r t i f i c i a l  t e s t s  on t h i s  type of thermal br idge  a r e  r a t h e r  unce r t a in  and 

i t  i s  doubtful  whether o r  no t  the  su r face  h e a t  exchanges can be e x a c t l y  repro-  

duced. On the  o t h e r  hand, we possess  the  r e s u l t s  of  n a t u r a l  t e s t s  c a r r i e d  o u t  

i n  Geriany a t  t h e  Holzkirchen ~ t a t l o n ( ~ ) ,  where temperatures were measured on 

t h e  i n t e r i o r  surfac'e of t h e  northwest corner  of more than 20 houses with 

d i f f e r e n t  kinds of  wa l l s .  

P a r t i t i o n s  and f l o o r s .  Where an e x t e r n a l  wal l  meets a p a r t i t i o n  o r  f l o o r  

t h e  problem I s  very d i f f e r e n t .  The p a r t i t i o n  o r  f l o o r  i s  a t  t he  i n t e r i o r  room 

temperature (we assume t h a t  t he  wa l l  o r  f l o o r  s e p a r a t e s  two equa l ly  heated 

s p a c e s ) .  The e x t e r i o r  su r face  a rea  is not  a s  l a r g e  a s  t h e  i n t e r i o r  s u r f a c e  

a r e a .  Thus t h e  two e f f e c t s  mentioned p rev ious ly  oppose one another .  Fur ther -  

more, the  p a r t i t i o n  o r  f l o o r  o f t e n  d i f f e r s  g r e a t l y  i n  i t s  therrnal c h a r a c t e r i s -  

t i c s  from the  e x t e r i o r  wal l .  

F i n a l l y ,  both p a r t i t i o n s  and f l o o r s  can terminate  f l u s h  with the  faqade, 

o r  before  reaching t h e  fagade, o r  can even extend beyond it, forming a cordon. 

Only the  corner  between the  e x t e r i o r  wal l  and t h e  p a r t i t i o n  has  been s tud ied .  

For t h i s  purpose a s t r u c t u r e  r ep resen t ing  t h e  p a r t i t i o n  was joined a t  r i g h t  

angles  t o  the  22.5 cm wide frames of wa l l s  A, B and C.  This  s t r u c t u r e  was con- 

s t r u c t e d  from s o l i d  blocks i d e n t i c a l  with the  concrete  of t h e  frame. 

In  t h e  case of wal l  B we a l s o  s tud ied  t h e  in f luence  of an e x t e r i o r  s t r u c -  

t u r e  for*ming a  cordon and cool ing  f i n .  

Light wal l s  ( c u r t a i n  rralls ,  fagade p a n e l s )  

One of the e s s e n t i a l  f e a t u r e s  of t h i s  kind of cons t ruc t ion  i s  t h e  very 

small  th ickness  of t he  v:all which i s  nade poss ib l e  by t h e  use  of good insu la -  

t i o n :  t he  sane U value can be obtained with a  wal l  u s ing  a  2  cm th i ckness  of 

good i n s u l a t i o n  ( k  = 0.03 t o  0 .05)  a s  wi th  one 20 cm t h i c k  i n  l i g h t  masonry. 
In o r d e r  t o  cornpensate f o r  t h e i r  l ack  of thermal capac i ty  these  wa l l s  

must have very good U values  (around 1 . 0 ) .  Such c o e f f i c i e n t s  a r e  e a s i l y  

obtained with srnall th icknesses  of i n s u l a t i n g  ma te r i a l .  

I.Shen t h i s  i n s u l a t i o n  i s  i n t e r r u p t e d  by a frame which i s  a l s o  very t h i n ,  
s i g n i f  i c a n t  therrnal br idges  a r e  formcd . 

b!e s h a l l  d i s t i n g u i s h  between t h e r n a l  br idges  produced by wooden menbers 

which gene ra l ly  m ~ k e  up the  I n t e r n a l  frzrning of  pane ls  and those  produced by 

metal  franics, whether they  a r e  i n t e r n a l  frames, a s  a r e  f r equen t ly  used i n  t h i s  
t-ype of cons t ruc t ion  t o  ensure r i g i d i t y  and ease  of a s s e ~ ~ l b l y ,  o r  a r e  e x t e r n a l  
frar~ie:: i n  which t h c  kzo~r~o,o;encous panel i s  y1acc.d. 



Wooden o r  s i i :~ i la r  franiin: 
Total  brid,yc. The main p a r t  of the  models was constructed of 3 cm t h i c k  

expanded polystyrene (I< = 0.03 kcal/(nlh°C); d = 20 kd1n3).  
We studied the e f f e c t  of the width of the frame. For t h i s  purpose the 

insu la t ion  was in ter rupted  by members having the  same thickness a s  the  panel 
(3  cm) but  of d i f f e r e n t  widths (0.6,  1, 3 and 6 cm) . 

In 01-der t o  est imate the e f f e c t  of changing the  r a t i o  of thermal charac- 
t e r i s t i c s  of the mater ia ls ,  models i d e n t i c a l  with the  above were b u i l t ,  but i n  
which t h e  wood was replaced by pressed wood t h a t  was more i n s u l a t i n g  and 

l i g h t e r  (k  = 0.06 and d = 500 kg/m3) than the  v~ood used i n  the  previous tes t .  

Bridge with i n t e r i o r  d i f fus ion  layer .  Me again wished t o  determine the  
e f f e c t  of a  conducting l a y e r  on the  i n t e r i o r  sur face .  Some panels use alumin- 
ium f o i l  under the i n t e r i o r  l aye r  a s  vapour b a r r i e r s .  It i s  q u i t e  poss ib le  
t h a t  t h i s  highly conductive mater ia l  s i g n i f i c a n t l y  d i f fuses  the temperatures 
despi te  the small thiclmesses employed. . In order  t o  c a l c u l a t e  t h i s  phenomenon 

we cemented f i r s t  a  sheet  of aluminium 1/10 mm t h i c k  on t o  the models ( k  = 

170 kcal / lnhO~) and then a sheet  of copper 2/10 nm t h i c k  ( k  = 350 kcal/rnhOc). 
These sheets  had been painted grey t o  rilaintain the sane surface  hea t  

exchange a s  before.  
Metal framing 

Total  br idge.  To begin with we studied t o t a l  br idges formed with various 
s t e e l  sec t ions  i n t e r s e c t i n g  a polystyrene panel 3 cm th ick .  

7Jc then sought t o  determine the  inf luence of increas ing  o r  decreasing the  
p ro jec t ion  of an e x t e r i o r  cordon c o n s t i t u t i n g  a cool ing  f i n .  

Interrupted bridge.  Seeking a remedy t o  t h i s  type of thermal bridge we 
studied,  f o r  a simple t h e o r e t i c a l  case, the  e f f e c t  of an i n t e r r u p t i o n  i n  the  
thermal bridge, o r  more exact ly  a decrease i n  the  metal c ross-sec t ional  area 
and an increase i n  the  thermal path length.  

P r a c t i c a l  exa~iples  . Finzl ly ,  we studied some p r a c t i c a l  examples of 
thermal bridges a t  the j o i n t  between two panels .  Again, seeking t o  c o r r e c t  
the  thermal b r i d ~ c ,  we studied the  e f f e c t  of i n t e r r u p t i n g  the  framing and i t s  
insu la t ion  with various types of I n t e r i o r  and e x t e r i o r  mouldings. 

Results  

Valls w i t h  r e ln f  orced concrete framing and l i g h t  masonry f i l l i n q  
The r e s u l t s  obtained a r e  shown i n  Table I., where we give the  values of 

P, deterrnincd from tlie rneasu~>ed tenlperaturcs arld those of p calcula ted  from 
C 

the r a t i o  U Uc. d 



Tota l  br idge.  Actually a  t r u e  t o t a l  bridge was not t e s t ed  s ince  no such 
bridge e x i s t s  i n  p rac t i ce .  There a re  always i n t e r i o r  and e x t e r i o r  coat ings.  

The f i r s t  t e s t s  car r ied  out on wal ls  A (A, - A S )  enabled us t o  obta in  the  r e a l  
value of the t o t a l  bridge i n  a  wall  with coatings and we found t h a t :  

pm = 2 .1  f o r  the 7 .5  cm width; 

pm = 2.3 f o r  the  22.5 cm width. 

kle note t h a t  the  narrower the  framing the  smal ler  pm, and t h a t  i n  both 
cases  i t  i s  l e s s  than pc : pc = 2.4. 

Thermal bridge with i n t e r i o r  d i f fus ion  l aye r .  The e f f e c t  of the  concrete  
s l a b  placed on the  i n t e r i o r  sur face  i s  t o  f l a t t e n  the  curve of i n t e r i o r  surface 
temperatures. The important improvement obtained with a simple s l a b  ( B , )  must 
be noted: 

pm changes from 2 . 1  t o  1.4 f o r  t h e  7 .5  cm width; 

and from 2.3 t o  1.7 f o r  the  22.5 cm width. 

These values a r e  f a r  l e s s  than p which is s t i l l  equal  t o  2.4: c ' - The f l a r i n g  of the  framework (B, - B,) makes it poss ib le  t o  obta in  s t i l l  
smaller  pm values.  I n  t h l s  way w e  achieved values of 1.3 f o r  1 = 7.5, 

and 1.45 f o r  1 = 22.5; 
- Put t ing  reinforcement (B,) i n  the s l a b  makes very l i t t l e  d i f ference .  

Depending on the width, pm changes from 1.4 t o  1.35 and from 1.7 t o  

1.65. 
We a l s o  t e s t ed  the  e f f e c t  of reinforcement i n  the  p l a s t e r  s l a b  i n s t a l l e d  

i n  such a  way a s  t o  make the r e l a t i v e l y  i n s u l a t i n g  p l a s t e r  more conductive in 
the  l a t e r a l  d i r e c t i o n .  Again (B,) the r e s u l t s  were inconclusive; p, changes, 
depending on the width, from 1.95 t o  1.9 and from 2.2 t o  2.15. The e f f e c t  is 

thus neg l ig ib le .  
Generally speaking pm decreases a s  1 decreases and i t  i s  always l e s s  pc.  

Note. The e f f e c t  of an e x t e r i o r  f i n  (B) i s  a l s o  comparatively s l i g h t  i n  
t h i s  case; i t  causes pm t o  change from 1.7 t o  1.8 (B compared t o  B, ). 

P a r t i a l  br idges.  The reader  w i l l  note the  l a rge  d i f fe rence  i n  t h e  shape 
of t h e  curves obtailied when the insu la t ion  is on the  ins ide  ( C ,  and C,) and 
when it is on the outs ide  ( C ,  and C,).  

( a )  In the case of i n t e r i o r  i n s u l a t i o n  a  v e r j  good cor rec t ion  of t h e  
thernal  bridge i s  obtained, and the  narrower the  fraine t o  be protected,  the  
b e t t e r  the correc t ion .  The coldes t  poin t  i s  d i r e c t l y  opposi te  the  cen t re  of 
the  frame. Tne s n a l l  d i f ference  obtalncd with d i f f e r e n t  thlcknesses of 

insu la t ion  should be noted (C , conlpared t o  C2 ) . 



Note ay;ain t h a t  pm < pc. 

( b )  \!hen the i n s u l a t i o n  is placed on the  c x t e r i o r  the re  i s  no inlprovement 
and now it secns a s  though the s i : ~ a l l e r  the  width of t h e  frame, the  more pro- 
nounced i s  the  e f f e c t  of the  thermal bridge. The thickness of the  i n s u l a t i o n  

i s  more s i g n i f i c a n t  . 
We a ~ a i n  note t h a t  the pos i t ion  of the  co ldes t  poin t  is  s t i u a t e d  opposi te  

t o  the  frane,  but  near  the  edge. Note a l s o  the  exis tence  of a  warm spot  near  
the  frame. The temperature the re  i s  h igher  than i n  the  main p a r t  of the  wall .  

F i n a l l y  i t  must be emphasized t h a t  prfl i s  decidedly g r e a t e r  than pc .  It 

is thus  an e r r o r  t o  suppose t h a t  the c l a s s i c a l  c a l c u l a t i o n  always y i e l d s  a 
margin of s a f e t y .  These r e s u l t s  a r e  abso lu te ly  opposi te  t o  those obtained f o r  
i n t e r i o r  i n s u l a t i o n .  

We s h a l l  expla in  t h i s  i n  P a r t  111. 
Corrected br idges .  ( a )  The above r e s p l t s ,  i n  the case of e x t e r i o r  insula-  

t i o n ,  a r e  r a t h e r  surpr is ing;  the  t e s t s  ca r r i ed  out  on wal l  D with e x t e r i o r  
co r rec t ion  have confirriled them. Although condi t ions  were chosen s o  t h a t  the  U 

value of the wall  a t  the  frame would be the same a s  i n  the main p a r t  of the  
wall  ( p c = l ) ,  very d i f f e r e n t  temperatures a r e  observed on the  i n t e r i o r  su r face .  

I n  p a r t i c u l a r ,  f o r  the  7.5 cm width r ep lac ing  the  e x t e r i o r  p l a s t e r  coat ing  
with 2 cn of polystyrene has p r a c t i c a l l y  no e f f e c t  on the telnperatures and 
gives s u b s t a n t i a l l y  the  same value f o r  pm. 

An improvement of the  thermal br idge can be obtained by having the  
insulation overlap the  frame considerably on both s ides ,  but  the  r e s u l t s  
remain unspectacular .  For a  narrow bridge an overlapping on both s i d e s  of 
7 .5  cm equal  t o  1 s t i l l  gives a  hip& pin value (1.15) .  For a  wider br idge an 
overlapping on both s i d e s  of 22.5 crn (equal  t o  1 )  gives pm = 1.5. 

( b )  In the  casc of i n t e r i o r  correc t ion ,  the  temperature opposi te  the frame 
i s  higher  than on the  main p a r t  of the  wall ;  the  co ldes t  spot ,  however, i s  
displaced outs ide  the frafilc. The the  frame, the  colder  t h i s  spo t  w i l l  

be .  
In t e s t s  D,, rcherc the  i n s u l a t i o n  overlaps t h e  frame, good improvement 

can be observed. Horxver, i t  does not  appear t h a t  the  width of t h e  i n s u l a t i o n  
required t o  obta in  a given pm i s  a l i l l ea r  funct ion  of  the  width of the  frame. 
An overlapping of 7.5 cn f o r  a  frame width of 7.5 cm is  s u f f i c i e n t  (pm = 1 .25)~  
while an over l app in j  of 22.5 C I , ~  f o r  a  22.5 vide fra~lie i s  excessive ( p m  = 0.87). 

F ina l ly ,  :.re ~ o t e  thc  d i f f e rence  of form? i n  the  temperature curves 
obtained betrveel? the  casc lrherc t h e  i n s u l a t i o n  i s  ins ide ,  and t h a t  where i t  i s  

ou t s ide .  To sho:.; t h i s  r e z u l t  rnorc c l e a r l y  we have p l o t t e d  the  va lues  of p f o r  
both of these cases on the  sar3e graph (P ig .  10)  - t e s t s  D ,  and D3. Althou& 
the  pm values a r e  not  very d i f f e r e n t  the  curve of p f o r  i n t e r i o r  i n s u l a t i o n  i s  



~iluch l e s s  f l a t  i n  thc zonc of p > 1.5 than thc  curvc obtained f o r  e x t e r i o r  

insu la t ion .  
Lar.qc concre tc panel incorporat ing l i ~ h t  insu la t ion  

The pesu l t s  are ziven i n  Table 11. 
The very high value of P ,  obtained when the framing Is very wide (pm = 

3.2)  should be noted. 
l l i th  the 15 cm s l a b  on the ins ide ,  the  bes t  correc t ion  i s  obtained with 

the narrow thermal bridge. A width of 7.5 crn s t i l l  gives a  high pm value 

(1.8). 
With the  15 cm s l a b  on the  outside,  the values of pm rcrnaln very high 

(above 3 ) .  For the l a r g e r  bridge widths (15 and 22.5 cm) they a r e  s l i g h t l y  

above pc  ( p c  = 3.Ll). 
Specia l  thermal b r i d ~ c s  

P a r t i t i o n s  and f loors .  Table I11 shows the  r e s u l t s  obtained i n  the  four  
cases s tudied .  

The co ldes t  poin t  i s  found on the p a r t i t i o n  a  few centimetres  away from 

the corner.  
Ln t h e  l a s t  c o l r n i  of Table I11 a r e  given values of pill obtained on thermal 

bridges a t  walls  without p a r t i t i o n s .  Those obtained with p a r t i t i o n s  a r e  always 
lower. This is due t o  the  f a c t  t h a t  tile concrete p a r t i t i o n ,  away from the  

corner, i s  a t  tenipellature Ti throu&h i t s  e n t i r e  mass s o  t h a t  there  is a con- 
s i ee rab le  flow of heat  i n  the  d i r e c t i o n  of t h e  corner.  

The t o t a l  bridge ( A )  now gives a  pm value of only 1.9 ins tead  of 2.4. 
Wc again f ind  t h a t  good d i f fus ion  is obtained with the  i n t e r n a l  concrete  

s l ab ,  enabling thc  attainment of p, = 1.5 without a  cordon and p,= 1.55 

despi te  a l a r z e  cordon. External  i n s u l a t i o n  continues t o  be i n e f f e c t i v e  (pm = 

Corner b e t w e n  two outs ide  v a l l s .  A t  a  corner  betwecn two e x t e r n a l  wal ls  
values of pm, which can be derived from Gcrman t e s t s  ( 7 )  a r e  h i m e r .  For walls  
with U values of 1.2 t o  1.5 they a r e  i n  the v i c i n i t y  of 1.8, while f o r  wal ls  
with U valucs of l c s s  than 1 they reach 2.5. 

Thc shape of the curvc i s  then d i f f e r e n t .  

Figure 1 2  shov~s the  temperatures obtained a t  the  corner  between the  west 
and nor th  v:alls, v;hicii were s o l i d  b r i c k  38 cm th ick .  The curve shotvs a sharp 
peak; the  r e s u l t  i s  a colder  but l c s s  extensive area .  Thus the  e f f e c t  of  the  
maximurn p uhich i s  obtained con be l e s s  severe.  In 

~ i y h t  w a l l s  ( c u r t a i n  walls,  fc?.$ade panels ) 

llooden _fra:ninz 

T o  c .  Thc r e s u l t s  a r e  given i n  Table IT. The narrower the  fraln- 

i n &  'ihc sn.allcr the  pl,:  values.  They a r c  a111ays sn!aller than p wliich f o r  c ' 



wood i s  equal  t o  2 .8  and f o r  pressed wood 1.7. 
For v~ooden framing t h e  su r f ace  temperature curve shows a r a t h e r  sharp  

drop a t  t h e  edges of  t he  f r a n ~ i n c .  

In t h e  case  of pressed v:ood framing, however, t h e  curve i s  f l a t t e r .  

Thermal b r idzc  ! .~ l th  I n t e r i o r  d i f f u s i o n  l aye r .  The t e c h n i c a l  d i f f i c u l t y  

of ob ta in ing  a  p e r f c c t  thernisl con tac t  bctwcen t h e  metal  f o i l  and t h e  wal l  

wi thout  an in t e rven ing  cushion of a i r  made it impossible t o  determine accura te -  

l y  t he  e f f e c t i v e n e s s  of d i f f u s i n g  t h e  hea t  f l u x .  On the  o t h e r  hand, f o i l s  a r e  

gene ra l ly  pu t  underneath the  i n t e r i o r  p l a s t e r ,  which adds an e f f e c t  of i t s  own. 

Our t e s t s  i n d i c a t e ,  hov~cver, t h a t  f o r  t h e  wooden framing i t  scems p o s s i b l e  t o  

d i f f u s e  t he  hca t  f l u x  s u f f i c i e n t l y  i n  t h i s  i n  o rde r  t o  o b t a i n  acceptab le  

su r f ace  terrperatures .  Thus i t  shoulcl be p o s s i b l e  t o  o b t a i n  pm = 1 . 5  wi th  a 
1/10 IT:,] aluxinium f o i l  under a  coveril le of p l a s t e r  board o r  plywood on a 

wooden framework l e s s  than  2 cm wide f o r  t h e  hardwood (oak)  used i n  the  t e s t s ,  

o r  3 cm f o r  s o f t  wood ( f i r ) .  

P4e t a l  f  ramev!orks 

Theore t i ca l  cases .  The main p a r t  of t he  wal l  cons i s t ed  of  3 cm expanded 

2olys tyrenc  fr'ai~ied with s t e e l  s e c t i o n s  of var ious  shapes .  

The t e s t s  showed t h a t  t he  temperature on t h e  metal  p a r t  was p r a c t i c a l l y  

uniforrr~, with a  sudden drop occu r r ing  a t  t h e  edge of the  s e c t i o n  ( ~ i g .  1 3 ) .  

The r e s u l t s  a r e  c o l l e c t e d  In  Table V. lr'e have Included a t  t h e  same time 

Ti - Om values  of pm = ~ 1 ~ -  end of p = Ti - On 
Ti - ' I l e a  

In p a r t  t h r e e  i t  w i l l  b e  shown 
C 

t h a t  f o r  t h i s  case  On; i s  p r a c t i c a l l y  Independent of Oc, s o  t h a t  t h e  r a t i o  p 

~1111 rena in  e s s e n t i a l l y  cons tan t  r e g a r d l e s s  of t h e  U value of t h e  main p a r t  of 

t he  wal l .  This  i s  vhy p IS of  i n t e r e s t  he re .  

This  r a t i o  e s t a b l i s h e s  t hc  sur face  teniperature of t h e  framework i n  

r e l a t i o n  t o  t h e  inteerilal and e x t e r n a l  telnperatures.  

Thus p = 0 . 5  i n d i c a t e s  t h a t  t h e  su r f ace  temperature on a  framework is t h e  

arit:?i::etic mean of Ti and Tea 

I f  y < 0.5,  t h i s  t e ~ p e r a t u r e  is c l o s e r  t o  T  than  Te; I f  p > 0.5, i t  i s  i 
c l o s e r  t o  T, than Ti. 

Two types  of thermal  br idges  may be d i s t i ngu i shed .  

( 1 )  To ta l  br idge ( t o p  of Table v ) .  The s ~ n a l l e s t  valuc of y i s  obtained 
f o r  t h e  T-sect ion v i t h  t h e  flanl;e on t h e  i n t e r i o r .  Ilhat we ge t ,  i n  e f f e c t ,  i s  

a  d i f f u s i o n  by the  f l an7c .  I f  the  f l a n ~ e  were wider t h e  value of p would 

c e r t a i n l y  be s;. .tlllcr. 

IZ?en t h c  f l ~ n ~ e  of t h e  T  i s  t o  t h e  ou t s ide  t h e  s i t u a t i o n  is reversed ,  
with thct r c s n l t  t h a t  y = 0.8. Tlie wi8cr t he  f lange ,  t h e  g r e a t e r  t h i s  e f f e c t  

v~ould be. Ti;e I - s cc t ion  g ives  a (L which i s  p r a c t i c a l l y  an average of t h e  two 

przcedinz  oncs. 



( 2 )  Thc1-1;lal br idge vlith f i n  ( c e n t r e  of Table v ) .  The values  of p i s  

decidedly h i&e~ . ,  correspondin[: t o  a  Lowcr te l i ipcra tu~~e  than f o r  t h e  same t e s t  

without a  f i n .  The l a r g e r  the  f i n  t h e  lllore pronounced t h i s  e f f e c t .  

( 3 )  In te r rupted  thermal br idge (bottoni of Table V ) .  Decreasing t h e  a rea  

of m e t a l l i c  s e c t i o n  between the  two i r o n  p l a t e s  he lps  t o  decrease the  value of 

p. The cuyve of Fiz. 16 shows t h a t  i n  the  l a s t  t e s t ,  which corresponds t o  an 
a rea  of 1 cn p e r  ni of s e c t i o n  the  r a t i o  p has p r a c t i c a l l y  a t t a i n e d  i t s  l i m i t -  
Ing value, givcn by the  hea t  e x c h a n ~ e  t h r o u m  the  l a y e r  of a i r  between the  two 

i r o n  p l a t e s .  ~Iovrevcr, a  l aye r  of a i r  i n  t h i s  kind of panel  i s  i t s e l f  a  thermal 

br idge.  In o rde r  t o  ob ta in  a  s a t i s f a c t o r y  e f f e c t  t h e  jo in ing  r;;ember between 

the  two p l a t e s  should pass  through the  i n s u l a t i o n .  

P r a c t i c a l  Examples. The r e s u l t s  obtained i n  t h e  fol lowing t h r e e  examples 

have confirlned and supplemented the  r e s u l t s  previously obtained i n  t h e  

t h e o r e t i c a l  cases .  

( 1 )  Exaniple of  a  t o t a l  br idge with f i n .  Ve first s tudied  the  thermal 

br ldge produced by a  l a r g e  metal f ranev~ork con ta in ing  ho~nogeneous panels .  The 

panel  had a  U value of approximately 1 kcal/m2hoc. The framing, which pro- 

jected considerably on t h e  outs ide ,  forms a  d e f i n i t e  cool ing  f i n .  Figure 17 

shows a  p l an  s e c t i o n  of the framing and t h e  temperature curve obtained.  Frorn 

t h i s  we c a l c u l a t e  

Pm = 5.7 

and CI. = 0.75, 

very high va lues  from which we may deduce t h a t  f o r  T - 1 8 O C  and Te = -6°C i - 
t he  t e r ~ p e r a t u r e  on the  framing ~1111 be o°C. 

This  very h i zh  p, value is due l a r g e l y  t o  t h e  f i n ,  bu t  probably a l s o  t o  an 

apprec iab le  decrease i n  t h e  r a d i a t i o n  exchange between the  metal  s u r f a c e  and 

t h e  i n t e r i o r .  

( 2 )  Exalnples of inlprovement of a t o t a l  b r idge  by i n t e r r u p t i o n  and by 

i n t e r i o r  nouldings.  

Another, niore c l a s s i c a l  example i s  the  faqade panel  bounded by an  omega- 

shaped frame ( p i g .  18). 
The t e s t  panel had a U valuc of approxirxately 0.9 kcal/(m2h0C). 

Severa l  t e s t s  have been c a r r l e d  ou t  on t h e  j o i n t  between two pane l s .  
F i r s t  the  thlclcness of t h e  framing head vrao var ied ;  then an attenipt was made 

t o  reduce the  hea t  flow a rea  by providing holes  o r  s l o t s  and t o  lengthen t h e  

thern.al pa th  o r  t o  I n t e r r u p t  t hc  therrrlal briclge i n  onc way o r  another .  

F i n a l l y  the  e f f e c t  of an i n t e r n a l  ~noulding e i t h e r  of wood o r  polystyrene 

(which insulated the  i n t e r l o r  s l d e  of t he  thermal b r idge )  was s tud ied .  



The r e s u l t s  a r c  shown i n  the curves of Fig. 18. 
( a )  Interrupted thermal bridge 
The c i r c u l a r  per fora t ions  a re  r e l a t i v e l y  i n e f f e c t i v e  s ince  the  reduct ion 

i n  heat  flow area and the  increase  i n  path length i s  s l i g h t .  
On the  o the r  hand th ree  rows of s l o t s  i n  staggered a r r a y  reduce pm from 

4 t o  2.7, which, however, is s t i l l  a  very high value. 
\ b  ) I n t e r i o r  moulding 
The app l i ca t ion  of a  moulding has the  e f f e c t  of moving the co ldes t  spo t  

t o  the  edge. The r e s u l t  is the same a s  f o r  the  case of the  thermal bridge 
corrected by an i n t e r i o r  insu la t ion .  It i s  important t o  note t h a t  t h e  d i f f u -  
s ions  obtained with the wooden moulding is b e t t e r  than t h a t  obtained with the  

expanded polystyrene moulding. The l a t t e r  s l i g h t l y  decreases the  temperature 

v a r i a t i o n  opposi te  the  frame, but the v a r i a t i o n  i s  increased a t  the edge of 
the  moulding. The width of t h e  moulding seems t o  be more irrlportant than i t s  
i n s u l a t i n g  power. To obta in  s a t i s f a c t o r y  r e s u l t s  i t  should be q u i t e  wide. 

( 3 )  Example of improvement by an e x t e r i o r  moulding. 
In the t h i r d  example e x t e r i o r  insu la t ion  was the  chief  subjec t  of 

inves t iga t ion .  The panel was again bounded by a  metal frame of a  r a t h e r  
e labora te  form shown diagraqvnatically i n  Fig. 19. The main p a r t  of the  panel 
had a  U value of 1 k c a l / ( m 2 h o ~ ) .  

The jo in t  between the  two panels was covered with an e x t e r i o r  s t e e l  
moulding and an i n t e r i o r  p l a s t i c  moulding. 

We decieded t o  t e s t  t h i s  jo in t ,  a s  jus t  described, a f t e r  f i l l i n g  the  
opace between the e x t e r i o r  moulding and the panels  with g l a s s  wool, and 
f i n a l l y  with an add i t iona l  f i l l i n g  of l i g h t  i n s u l a t i o n  between the  e x t e r i o r  
moulding and the panels .  

The r e s u l t s  obtained a r e  shown i n  Fig. 19. Again we f ind  the  r e l a t i v e  
inef fec t iveness  of e x t e r i o r  i n s u l a t i o n  and of too narrow an i n t e r i o r  moulding. 
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Table  IV 

Light walls :  To ta l  br idges with wooden frame 
and pressed wood frame 

3cm 6 cm 
r I 



T a b l e  V 

L i g h t  walls: M e t a l  frame 0 h~blystyrene 

( i n t e r i o r  s p a c e  i s  t o  t h e  l e f t )  r r o o  

-- 

TOTAL 
BRIDGES 

- -1 0.35 

792 Pm 4.9 5,4 391 

P 0.60 o m  I 0.55 

-- 
4,9 
0.55 

TOTAL BRIDGES 
WITH 

EXTERNAL 
FIN 

Pm 
I.1 

INTERR WTED 
BR 113GES 

Pm 

P 

I 

3,6 
0,40 

5,4 
0~60 

I screw' e$crJ 8 cm 
a - 2 cm'lm 

I gerew every 16 cm 
a = 1 cml/m 

3.1 
0,38 1 0.35 



With P a r t i a l  b r i dges  P a r t i a l  b r i dges  
d i f f u s i o n  e x t e r n a l l y  in -  i n t e r n a l l y  i n -  

s l a b  T o t a l  s u l a t e d  s u l a  t ed  

m 

V e r t i c a l  s e c t i o n s  showing h o r i z o n t a l  thermal  b r i dges  

I n t e r i o r  view, condensat ion on t h e  r e a c t i v e  p a i n t  

Hor izon ta l  s e c t i o n  showing t h e  v e r t i c a l  thermal  b r idge  

F ig .  1 

Study of  thermal  b r i dges  

F ig .  2 

D i s t r i b u t i o n  of temperature  a t  t h e  s u r f a c e  
of  a heterogeneous w a l l  



Exter ior  rooIn/ -[I- \ ~ n t e r i o r  room 

A-Int roduct ion  of wall  
B -  Wall under t e s t  
c -Venti lat ion ducts 
D - A i r  condit ioning u n i t  - hot  - 

cold - hurnidity - Thern~ome t e r s  
-Thermocouples 

Plan of thermal room 

Fig. 4 

Tota l  bridge 

(a) (b) 
Fig. 6 

P a r t i a l  bridge 

Exter ior  insu la t ion  
I n t e r i o r  insu la t ion  

Fig. 8 

Corner between two ex te rna l  walls 

Thermal bridge with i n t e r i o r  
d i f f  us ion l aye r  

Corrected bridge 

Exter ior  i n s u l a t i o n  
I n t e r i o r  i n s u l a t i o n  

Fig. 9 

P a r t i t i o n  o r  f l o o r  



p(D)  curves f o r  i n t e r i o r  ( D , )  o r  e x t e r i o r  ( ~ 3 )  lnsu la t lon  

Fig. 11 

W a 
o r i n i c r i o r  wall 
surface in OC 

Dis t r ibu t ion  of temperatures a t  the  surface  of a wall 
near  a thermal bridge produced by the  corner 

of a  wall  and an a t t i c  f l o o r  and the  beam 
between them ( 8 )  



Temperature curves a t  the corner between two 
homogeneous ex te rna l  wal l s  (7  ) 

Light wall  - Tota l  br idge - Netal frame 



Fig .  1 4  

D i s t r i b u t i o n  of temperatures on t h e  i n t e r i o r  s u r f a c e  of  a wall 
c l o s e  t o  a thermal br idge  produced by a metal  frame in t h e  

i n t e r i o r  of a l i g h t  pane l .  Note t h e  d i f f u s i o n  obtained 
by t h e  i n t e r i o r  coa t ing .  Nevertheless  t he  thermal  

br idge  i s  very ev ident  ( 8 )  

Fig. 15 

D i s t r i b u t i o n  of ternpcratures on t h e  i n t e r i o r  s u r f a c e  of  t h e  
e x t e r i o r  wal l ,  lovrer curve; and on the i n t e r i o r  s u r f a c e  

of  t he  i n t e r i o r  wal l ,  upper curve.  Note the  good 
c o r r e c t i o n  of t h e  thermal  br idge  by conlplete 

i n t e r r u p t i o n  of  the  two frames by 
a .good i n s u l a  t o r ( 8 )  



Interrupted bridge. Value of 
o is  i n  terms of the path 

cross-sectional area 

F i g .  17 

Light w a l l .  Total bridge 
with fin 



Unbroken w Perforated w s j .o t ted w S l o t t e d  tu 
2 rows o f  ~ k t ~  3 row5 o f  slots 

(1) - (2) (3) (4) (5) 

Unbro kcn th ick  w 

0 

1.5 

0 - '  ' ' " " 1 ,..I-, , , , , , , , , , , , , , I I , ,  I - - ,  , , , , , I , I 

c m X  15 10 5 2 1  1 2  5 10 IS Xcm 
42-334 2 

Flg .  18 

Llght wal l .  To ta l  br idge.  P r a c t i c a l  exalnple of 
co r rec t lon  by l n t e r r u p t l o n  of t h e  cold 

br idge and by i n t e r i o r  rriouldlng 



1 I 1 Air 

1. Jalnt by  i t s e l ;  
2. RfM with glass ~ o l  
3. With insufation d 4 

Fig.  19 

Light walls. Metal frame. Prac t ica l  example 
of correct ion by i n t e r i o r  

and ex te r io r  moulding 


