
THE FORPUTION OF TbJO-STAGE JOIiJTS 

PROF. DR. E . tCZIES1ELYr;I 
Techn ica l  University B e r l i n  

Methods of j o i n t  s e a l i n g  f o r  ex t e r io r  w a l l s  

The problzm of t h e  fo rma t ion  a d  t h e  s e a l i n g  of b o i n t s  h a s  
b e c o w  i n c r e a s i n g l y  s i g n i f i c a n t  due t o  t h e  a p p l i c a c i o  of 
i n d u s t r i a l  const7ruction methods, e s p e c i a l l y  i n  t h e  a r  e a of 
e x t e r i o r  wall s t r u c t u r e s .  The demands p iaced  on such j o i n t s  z r e  
e s s e n t i a l l y  t h e  fol lowing:  

'I. The j o i n t  s e a l i n g  must permanently p rv ren t  t h e  
p e n e t r a t i o n  of p r e c i p i t a - t i o n  wa te r  and wing. 

3 ‘-. It must r e p r e s e n t  a connect ion between t h e ' w a l l s  
which i s  a e s t h e t i c a l l y ,  p r a c t i c a l l y  , t e c h n i c a l l y ,  
anci e c o n o r n i c ~ l l y  sa t i s l ' ac- tory .  I 

I 

3 .  The j o i n t  s e a l i n g  must be r e s i s t a n t  over a  long 
p e r i o d  of time. 

4. - The j o i n t  s e a l i n g  must be a b l e  t o  be p e ~ f o r m e d  
independent ly  of  weather  condi" b 3 . o ~ ~ .  ' I 

5 The join-t  des ign  must a.llow movements due 40 
tempera ture  v a r i a t i o n s ,  mois ture  changes, nd 
ground deformations.  1 

6. It must be a b l e  t o  compensate f o r  p r o d u c t i  n  I and assegbly  t o l e r a n c e s ,  as  w e l l  a s  f o r  t o l e r a n c e s  
between ? recas t  members and components man4factured 
a t  t h e  b u i l d i n g  site. ! 

Independently of  t h e  type  of c o n s t r u c t i o n  and of t h e  b b i l d i n g  
m a t e r i a l s  used,  t he  fo l lowing  methods f o r  s c a l i n g  of joints z r e  
employcd today i n  t h e  a r e a  of e x t e r i o r  w a l l s  i n  aboveeboun& 
c o n s t r u c t i o n  ( see  fig. 'I): 



a. S e a l i n g  j o i n t s  wi th  mas t i c  ( f i g .  l a )  

A d v m t a ~ e ~  : ~ n i v e r s a l l )  l p p l i c a b l e ,  minimal demands p laced  
on t h e  w a l l  s t r u c t u c e .  

D i s a d ~ m t a g e s :  s e n s i t i v e  t o  t o l e r a n c e s ,  dependence 0. 

weather  c o n d i t i o n s  d u r i d g  emplacement, s n o r t  
l i f e t i m e .  

Po 
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Fig* 1 P r i n c i p a l  methods of j o i n t  j s s l i n e  

a0 S e a l i n g  w i t h  mas t ic  
S e a l i n g  w i t h  s t r u c t u r a l  gaske t  

C .  S e a l i n g  by spec i a l ly - shaped  wa l l s  
dm Two-stage j o i n t s  



b. S e a l i n g  j o i n t s  w i th  s t r u c t u r a l  g a s k e t s  ( f i g ,  I b )  
( 

Advantage : emplacement n o t  dependent on t h e  wdather  . 
Disadvantages:  s e n s i t i v e  t o  t o l e r a n c e s ,  n o t  u n i v e r s a l l y  

a p p l i c a b l e .  
I 

c .  Formation of j o i n t s  w i thou t  s e a l i n g  compounds--for j o i n t s  
t h a t  e l i m i n a t e  t h e  e n t r y  of  p r e c i p i t a t i o n  w a t e l  by means of 
t h e i r  mode of c o n s t r u c t i o n  a l o n e  ( f i g .  I c ) .  

Advantaces: l ong  l i f e t i m e ,  emplacement n o t  dependent on t h e  
weather .  

Disadvantages:  d i f f i c u l t  form of t h e  l a t e r a l  w a l l  edges 
( e s p e c i a l l y  w i t h  p r e c a s t  c o n c r e t e  c o n s t r u c t i o n ) ;  
p r o b l e m  due t o  damages t o  t h e  l a t e r a l  w a l l  
edges  d u r i n g  t r a n s p o r ~ a t i o n  and emplacenent;  
t h e  i m p r a c t i c a b i l i t y  of fo rma t ion  of v e r t i c a l  
j o i n t s  due t o  t h e  n e c e s s i t y  01 d i r e k t i o n a l l y -  
dependent assembly ( t h e  h o r i z o n t a l  J o i n t s ,  on 
t h e  o t h e r  hand,  are p r a c t i c a b l e  and, a r e  t h e r e -  
f o r e  of impor tance  i n  c o n s t r u c t i o n ) b  

I 
d ,  Two-stage j o i n t s  ( f i g .  I d )  

C h a r a c t e r i s t i c s  of t h e  two-stage j o i n t s :  a p r o f i l i n g  of t h e  
l a t e r a l  w a l l  edges ,  i n  groove form, i s  performed. Once t h e  
w a l l  e lements  have been assembled,  a  r a i n  b a r r i e r  i s  p l aced  
i n  t h e  v e r t i c a l  grooves on each  f l o o r .  T h i s  i s l p e r f o r n e d  
a t  t h e  c o n s t r u c t i o n  s i t e .  The r a i n  b a r r i e r  p r e v e n t s  t h e  
d i r e c t  e n t r y  of r a i n w a t e r  i n t o  t h e  i n t e r i o r  of  t h e  rooms. 
It i s  emplaced i n  t h e  w a l l  grooving i n  such  a way t h a t  it 
can move and t h e r e b y  a l l o w  f o r  a n  unhindered  movement of 
t h e  w a l l s  themselves.  Depending on t h e  cons t ruOt iona l  fo r -  
mation of t h e  j o i n t ,  a space  c r e a t e d  by t h e  p r o f i l i n g  of t h e  
w a l l  i s  l o c a t e d  behind t h e  r a i n  b a r r i e r  ( f i g .  I d ) ,  OT a t  t h e  
l e v e l  of t h e  r a i n  b a r r i e r  ( f i g .  3)--the p r e s s u r e  e q u a l i z i n g  
space.  I n  t h e  a r e a  of t h e  open h o r i z o n t a l  j o i n t ,  t h e  ver- 
t i c a l l y  runn ing  p r e s s u r e  e q u a l i z i n g  space  l e a d s  t o  t h e  out- 
door  air .  By means of t h i s  connec t ion  between $he space  
and t h e  o u t s i d e ,  a  p r e s s u r e  d i f f e r e n c e  A p  i s  pnevented 
between t h e  space  behind  t h e  r a i n  b a r r i e r  and t h e  outdoor  
a i r .  Without a p r e s s u r e  d i f f e r e n c e ,  however, r a i n w a t e r  can- 
no t  be d r i v e n  around t h e  r a i n  b a r r i e r  t o  t h e  i n t e r i o r  of t h e  
rooms. The j o i n t  is  t h e r e f o r e  imperv ious  t o  p r e c i p i t a t i o n  
water .  

I n  a d d i t i o n ,  t h e  p r e s s u r e  e q u a l i z i n g  space  f u n c t i o n s  s i m i -  
d a r l y  t o  a  l a b y r i n t h  w a t e r s t o p .  I n d i v i d u n l  r a i n d r o p s  t h a t  
manage t o  p a s s  t h e  r a i n  b a r r i e r  ( f o r  example, by means of 
t h e i r  k i n e t i c  energy)  a r e  l e d  o f f  v e r t i c a l l y  downward i n  t h e  
p r e s s u r e  e q u a l i z i n ~  space .  They p a s s  of f  i n  t h e  a r e a  of t h e  
open h o r i z o n t a l  j o i n t .  

A wind b a r r i e r  ( h e a t  i n s u l a t i o n )  must be l o c a t e d  i n  t h e  a r e a  
of t h e  j o i n t ,  i n  p rox imi ty  t o  t h e  i n t e r i o r  of t h e  rooms. 
The wind b a r r i e r  p r e v e n t s  c o l d  a i r  from e n t e r i n g  i n t o  t h e  



i n t e r i o r  of t h e  rooms. The t i g h t n e s s  of  v e r t i c a l  j o i n t s  
c o n s t r u c t e d  a l o n g  t h e s e  p r i n c i p l e s  h a s  been proven i n  the 
v a r i o u s  and d i f f e r e n t  l a b o r a t o r i e s  of  Norway, Poland ,  
Hungary, Rumania, and Germany. Fur thermore ,  t h i s  t y p e  of 
j o i n t  fo rma t ion  h a s  shown e x c e p t i o n a l l y  good s e r v i c e  f o r  
over  twenty g e a r s  ( 1 ,  2) .  Long-term f a i l u r e  w i t h  t h i s  t ype  
of j o i n t  fo rma t ion  is  t h e r e f o r e  imposs ib l e ,  s i n c e  t h e  t i g h t  
nes s  of t h e  j o i n t  depends e n t i r e l y  on t h e  format ion  of t h e  
l a t e r a l  w a l l  edges and on t h e  permanence of t h e  r a i n  b a r r i e  
R e s i s t a n t  p l a s t i c  m a t e r i a l  i s  employed f o r  t h e  c o n s t r u c t i o n  
of t h e  eas i ly-exchangeable  r a i n  b a r r i e r s  (neoprene ,  e t c . ) .  

Advantages: n o t  s e n s i t i v e  t o  t o l e r a n c e s ,  no t  s e n s i t i v e  t o  
unforeseen  movements of  t h e  b u i l d i n g  mass 
(ground s e t t l i n g ,  ear thqualces ,  e t c . ) ;  emplace- 
ment no t  dependent  on t h e  weather;  long  l i f e .  

Disadvantage: l a b o r  n e c e s s a r y  f o r  t h e  p r e p a r a t i o n  of  t h e  
l a t e r a l  w a l l  edges.  

2.  The p r a c t i c a l  c o n s t r u c t i o n a l  emplacement of two-s tage .  j o i n t s  

2.1 Eva lua t ion  of t h e  v a r i o u s  seal in^ ___I_______ p r i n c i p l e s  

It i s  d i f f i c u l t  t o  recommend j o i n t  fo rma t ion  and s e a l i n g  
which op t ima l ly  s a t i s f y  a l l  t h e  denzncs p l a c e d  on them. 
According t o  t h e  l a t e s t  i n  t echno logy ,  however,  i t  can  be claimed 
t h a t  two-stage j o i n t s  come c l o s e s t  t o  f u l f i l l i n g  t h e  requi rements  
p l aced .  Judging  from e*xperience a l r e a d y  g a i n e d ,  t h e y  i n  a d d i t i o n  
p rov ide  t h e  g r e a t e s t  long-term p r o t e c t i o n  a g a i n s t  i a t e r a l  r a i n  
p e n e t r a t i o n .  Research conducted i n  Germany by manufac turers  of 
two-stage j o i n t s  w i t h  i n f o r m a t i o n  t a b u l a z e d  on p r o j e c t  l o c a t i o n ,  
e x t e n t  of dmc?.ge o c c u r r i n g ,  and cause  of such  damage, r e s u l t e d  
i n  t h e  f i n d i n g  t h a t  from approximate1.y 1 , 0 0 0  km of j o i n t  l e n c t h  
i n s t a l l e d ,  no-k even one meter  of darnnge due t o  r a i n  pens - t r a t i on  
c o u l d  be determined.  The o l d e s t  j o i n t  c o n s t r u c t i o n  independent ly  
t e s t e d .  by ra.ndom sample by t h e  T e c h n i c a l  l i n i v e r s i t y  i n  B e r l i n  is  
f i f t e e n  y e a r s  o ld .  i t  must be  emphasized, however, t h a t  ag ing  
i n f l u e n c e s  on t h e  t i g h t n e s s  of two-stage j o i n t s  a r e  p r a c t i c a l l y  
n o n e x i s t e n t .  

I n  c o n t r a s t ,  r e s e a r c h  conducted by Grunau ( 2 )  f o r  t h e  y e a r s  
1958 t o  1965 r e s u l t e d  i n  d e t e r m i n a t i o n  of a  f a i l u r e  r a t e  w i t 1 1  
j o i n t s  s e a l e d  wi th  s e a l i n g  compound ( m a s t i c )  a t  t h e  ex t remely  
h i g h  l e v e l  of 3155. The f a i l u r e  r a t e  f o r  t h e  y e a r s  1970 t o  'i975 
decrea.sed,  t o  be s u r e ,  b u t  remained at  a l e v e l  of 11:~. The 
r e l a t i v e l y  h igh  occurrence of such  f a i l u r e s  r e s u l t i n g  i n  damages 
c o n t i n u i n g  a t  t h i s  l e v e l  d e s p i t e  advances made i n  s e a l i n g  compound 
composi t ion can  be t r a c e d  t o  t h e  d i f f i c u l t i e s  involved  i n  emplace- 
ment of t h e  s e a l i n g ,  and t o  s e n s i t i v i t y  t o  t h e  unavoidable  
t o l e r a n c e s  encountered  i n  t h e  c o n s t r u c t i o n  bus ines s .  '. 
2.2 Examp~g~-gf-;ygz~~~~eeJo~n;-emp~~~men4 

The f o l l o w i n g  method of formin:; j o i n t s  has  proved r e l i a b l e  
i n  t h e  c o n s t r u c t i o n  bus ines s :  t h e  v e r t i c a l  j o i n t s  a r e  c a r r i e d  
o u t  i n  t h e  two-stace mode, and t h e  h o r i z o n - t a l  j o i n t s  are  forrr!ed 
as open, s i l l - t y p e  j o i n t s  ( s e e  f i g .  l c ) .  



Fig .  2 shows a two-stage j o i n t  i n  a p r e c a s t  conc re t e  e x t e r i o r  w a l l ,  
i n  which t h e  p r o f i l i n g  n e c e s s a r y  f o r  t h e  j o i n t  h a s  been made 

F i g .  2 Employment of  two-stage j o i n t s  w i t h  c o n c r e t e  sandwich 
wnl l s .  The p r o f i l i n g  i s  performed d i r e c t l y  on t h e  
conc re t e .  

I 
I 

di$rc"cly i n  t h e  conc re t e .  F ig .  3 a l s o  shows a two-stap;e j o i n t  f o r  
a c o n c r e t e  sandwich  wa.11,i.n which t h e  forming of t h e  l ! e . t e r a l  w a l l  
edges  h a s  been acconlplished by means or" p l a s t i c  p r o f i l k  p i e c e s  
embedded i n  t h e  c o n c r e t e .  The p l a s t i c  p r o f i l e s  a r e  enlplaced i n  
t h e  p r e c a s t  c o n c r e t e  w a l l s  d u r i n g  t h e i r  manufacture.  I n  t h i s  
manner, expens ive  form work can be avoided  i n  t h e  n~anur'a.cture of 
t h e  p r e c a s t  c o n c r e t e  w a l l s .  The forml:lorlc can  b e  removed sooner  
from t h e  w a l l  e l emen t s ,  t h e r e  i s  no n e c e s s i t y  f o r  a l a f g e r  s e r i e s  
of element product  i o n  as w i t h  c o n s t r u c t i o n  correspondii+g t o  Pig. 2 ,  
and t h e  danger of domnging t h e  i r a l l  e l emen t s  during- t r$nspor t a . t i on  
and assembly i s  g r e a t l y  reduced .  I 

F i g .  4 shows a j o i n t  c o n s t r u c t i o n  f o r  v e n t i l a t e d  clacldi'ng of 
aluminium. 



HORIZONTAL JOINT VERTICAL JOINT 

Fig .  j Two-stage j o i n t  c o n s t r u c t i o n  i n  a conc re t e  sandwich wa.1: 
e l emen t ,  w i th  embedded p l a s t i c  p r o f i l e  p i e c e s .  

HORIZONTAL JOINT 

VERTICAL JOINT 

I I 
I Concrete wall ! 
I 

I 
I I 

I I i 

lumlnlJm- fassade 

l ~ l um in i um  - fassade 

\ --7 
Aluminium 

Fig. 4 J o i n t  fo rma t ion  f o r  v e n t i l a t e d  c l add ing  



2.3 Rain t e s t s  ---------- 
J o i n t  p e r m e a b i l i t y  t o  r a i n  is measured i n  r a i n  t e s t s .  It is 

d i f f i c u l t  t o  conduct t h e  t e s t s  i n  such a way t h a t  a c t u a l ,  n a t u r a l  
kl i rnat ic  c o n d i t i o n s  a r e  e x a c t l y  s imula ted ,  A t  t h e  p r e s e n t ,  t h e r e  
a r e  two b a s i c  t e s t  methods used f o r  checking of p e r m e a b i l i t y  t o  
r a i n  ( s e e  f i g .  5): 

- .  a. t h e  s t a t i c  ne-thod; 
b. t h e  dynamic method, 

- New t e s t  methods a r e  a t  p r e s e n t  be ing  worked out  i n  England 
a s  w e l l  as i n  Germany f o r  t h e  prepa.ra-t ion of IS0 s t a n d a r d s ,  i n  
o rde r  t h a t  methods a r e  8 .va i l ab le  f o r  t h e  conduct ion of t e s t s  
which s i rculate  t h e  n a t u r a l  weather  cond i t ions .  

STATIC RAINTEST DYNAMIC RAINTEST 

Fig. 5 Rain t e s t s  f o r  two-stage j o i n t s  

a. s t a t i c  method 
b. dynamic method 

The p e r m e a b i l i t y  of t h e  j o i n t  c o n s t r u c t i o n  d e p i c t e d  i n  
f i g s .  2-4 has. been t e s t e d  by experiinents according  t o  t h e  dynamic 
method as w e l l  as t h e  s t a t i c  method. The p o s i t i v e  t e s t  r e s u l t s  
from t h e  l a b o r a t o r i e s  have been confirmed by similar p o s i t i v e  
experience a f t e r ' y e a r s  of p r a c t i c a l  use.- I n  o rde r  t o  checlc t h e  
e f f e c t i v e n e s s  of i n d i v i d u a l  c o n s t r u c t i o n a l  c o n f i g u r a t i o n s ,  it has  
proven u s e f u l  and v a l i d  t o  b u i l d  p les ig lassmode l s  of j o i n t  con- 
s t r u c t i o n s  -to t h e  s c a l e  of 1 : ' I  f o r  l a b o r a t o r y  t e s t i n g .  Permeation 
o f  water  i n t o  t h e  j o i n t s  could  be observed e x a c t l y ,  e s p e c i a l l y  f o r  
t h e  bes t ing  according  t o  t h e  dynamic method. On t h e  b a s i s  of such 
obse rva t ions ,  t h e  p l a s t i c  p r o f i l e  p iece  shown i n  f i g .  3,  f o r  
exanple,  was developed f o r  use  i n  t h e  a r e a  of t h e  h o r i z o n t a l  j o i n t .  
It  was conc lus ive ly  proven by t h e  t e s t s  t h a t  t h e  two h o r i z o n t a l  
s e a l s  e f f e c t i v e l y  prevent  e n t r y  of r a i n w a t e r ,  and t h a t  t h e  other-  
wise necessary s i l l  he igh t  ( s e e  f i g .  2 )  of h  2 100 mm could  be 
reduced, 



The behavior of t h e  p l a s t i c  p r o f i l e  p ieces  embedded i n  t h e  
w a l l s  ( f i g .  3)  has  been t e s t e d  i n  a " r a i n  t e s t  ca r rouse l" ( f ig .  6). 

AND 
UV-COSMIC Rk , COOLINS SYSTEM 

T' \ WEATHER CYCLE 

u UV-COSMIC RAY 

Fig.  6 \!reathering cycles  t o  check weather r e s i s t a n c e  of j o in t  
designs.  

Af-te=. 50 weathering cycles  wi th  harsh  v a r i a t i o n s  from f r o s t  t o  
thaw, no aging of t h e  PVC p l a s t i c  p r o f i l e s  was observed. There 
was l ikewise  no observation made of any s t r u c t u r a l  loosening,  nor 
of any reduced adhesion between t h e  j o i n t  p r o f i l e s  and t h e  con- 
c r e t e .  

2 -4  Wind ,--,,,,,,--,-,,- permeabi l i tx  --,,--,---,---d,,--- of two-stae:e ' o i n t s  

The wind permeability of j o i n t s  is  important when consider- 
a t i o n  i s  made of hea t  l o s s  and d r a f t s .  A s  a  r u l e ,  j o i n t s  a r e  
formed i n  such a  way t h a t  a  wind-tight cons t ruc t ion  i s  located 
behind the  j o i n t s ,  t o  t h e  s i d e  of t he  room i n t e r i o r  ( s e e  f i g s .  2 
and 4).  I n  i n d u s t r i a l  cons t ruc t ion ,  however, one o f ten  f i nds  
cons t ruc t ion  ~f j o i n t s  t o  correspond t o  f i g .  3, i n  which the  
e n t r y  of cold a i r  must be stopped by means of a wind b a r r i e r  
alone. The cold  a i r  can pass  t h e  wind b a r r i e r  i n  two ways: 
a .  throuch t h e  ma te r i a l  of t he  wind b a r r i e r ,  o r  b. a t  t h e  contact  
p o i n t s  between wa l l  and wind b a r r i e r .  I n  order  t o  examine t he  
in f luence  of va r ious  p a r a m e t ~ r s  on wind permeabi l i ty ,  t h e  a-value 
of cons t ruc t iona l  j o i n t s  between precas t  concrete  elements was 
t e s t e d  according t o  DIFi 18055, s h e e ~  2 (German I n d u s t r i a l  

' Standards,  corresponding t o  EN 86) .  



wi th :  

v q u a n t i t y  of a i r  p a s s i n g  t h e  wind b a r r i e r ,  i n  [mS/hI 
, QL u n i t  of t i n e  

! j o i n t  l e n g t h ,  i n  

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

i n t e r i o r  IN/<] 
The fo l lowing  parameters  were v a r i e d  i n  t h e  cou r se  of t h e  t r i a l s :  

1. P l a t e r i a l  o f  t h e  wind b a r r i e r  ( P U  foam, PE foam, rock iuool, 
foamed p l a s t i c  s e a l i n g  impregnated w i t h  wax) 

2. Roughness of t h e  w a l l  s u r f a c e s  ( snoo thed ,  exposed c o n c r e t e ;  
washed conc re t e  w i t h  p a r t i c l e  s i z e s  2-4 nm, 4-8 rnm, and 
8-16 mm) 

3 .  J o i n t  width (b = 10 mn, 15 m m ,  and 20 mm) 

4. Con ica l  j o i n t s  ( t a p e r :  10 nm/l m) 

The r e l a t i o n s h i p s  shown i n  f i g .  7 were de t e rmined  by t h e  e v a l u a t i o n  
o f  t h e  t e s t  r e s u l t s  and t h e  d e t e r m i n a t i o n  of  t h e  a-value c h a r a c t e r -  
i s t i c  of t h e  j o i n t  c o n s t r u c t i o n .  L i n e a r i t y  ( f i g .  7 ,  curve a )  was 
obse rved  f o r  smooth o r  f o r  on ly  ve ry  s l i g h t l y  rough c o n c r e t e ,  and 
f o r  " e l a s t i c "  wind b a r r i e r s ,  which f i t  t i g h t l y  a g a i n s t  t h e  conc re t e  
s u r f a c e s .  I n  t h i s  c a s e ,  t h e  a i r  t r a n s i t  tool< p l a c e  p r i m a r i l y  
t h rough  t h e  wind b a r r i e r .  

- , . .  

Wlndborr~er 
non l~ght by 
the w l l s  

Fig. ''7 A i r  t r a n s i t  i n  t h e  a r e a  of t h e  wind b a r r i e r  

a. a i r  t r a n s i t  t h rough  t h e  wind b a r r i e r  a lone  

b .  a i r  t r a n s i t  t h rough  t h e  wind b a r r i e r  and a-t t h e  
p o i n t s  of c o n t a c t  between wind b a z r i e r  and w a l l  



With " r ig id" ,  c losed-ce l l ed  wind b a r r i e r s  a s  w e l l  a s  with 
"rough" l a t e r a l  w a l l  s u r f a c e s ,  n o n l i n e a r i t y  ( f i g .  7, curve b )  was 
observed,  The t y p e  of r e l a t i o n s h i p s  c h a r a c t e r i z e d  by curve a  
a r e ,  however, g e n e r a l l y  t h e  r u l e  observed i n  cons t ruc t ion  work. 

With r e s p e c t  t o  t h e  m a t e r i a l s  i n v e s t i g a t e d  f o r  t h e  wind 
b a r r i e r ,  it was determined t h a t  a l l  m a t e r i a l s  proved s u i t a b l e  
f o r  such use. For  j o i n t  wid ths  g r e a t e r  t h a n  20 mm,  however, t h e  
p r o p o r t i o n  of a i r  pass ing  th rough  t h e  wind b a r r i e r  of rock wool 
w a s  s o  g r e a t  ( a 2  0.5) t h a t  an e s p e c i a l l y  t h i c k  plugzing had t o  
be perPorrned i n  t h e  j o i n t  t o  i n c r e a s e  t h e  r e s i s t a n c e  t o  t h e  a i r  
s t ream.  The advantage enjoyed w i t h  t h e  rock  wool l i e s  i n  t h e  
r e l a t i v e l y  easy  emplacement and t h e  f i r e  p r o t e c t i o n  achieved 
i n  t h e  a r e a  of t h e  j o i n t .  

The fo l lowing i n f l u e n c e s  a r e  s i g n i f i c a n t  f o r  t h e  wind per- 
m e a b i l i t y  of a j o i n t :  

a .  The volume of t h e  m a t e r i a l  employed ( r e s i s t a n c e  t o  ti le a i r  
s t ream)  ; 

b. Compression of t h e  m a t e r i a l  ( t i g h t n e s s  a t  t h e  p o i n t s  of 
con tac t  between w a l l  and wind b a r r i e r ) ,  

3 2 An a-value 01 a  0.25 m / ( h  - m * kp/m ) can a l s o  be assuc~ed f o r  
c o n i c a l  j o i n t  c o n f i g u r a t i o n s  ( b u i l d i n g  t o l e r a n c e s )  up t o  J o i n t  
wid ths  of 20 nn and wi th  conven t iona l ly  smooth j o i n t  wa l l s .  A s  
a r u l e ,  t h i s  va lue  inc ludes  a s u f f i c i e n t  s a f e t y  f a c t o r  3;ainst 
b u i l d i n g  t o l e r a n c e s  and imuroper procedures .  For Join-i widths 
up t o  b  = 30 mni,  a  va lue  of a 0.25 can  be employed only ~ i t h  
c l o s e d - c e l l  PE foam with c o s p r e s s i o n  t o  7553 of i ts  o r i ~ i n a l  
wid th ,  Without c o n s i d e r a t i o n  of f u r t h e r  f a c t o r s ,  an a-value 02 
a C 0.50 czn be assumed f o r  j o i n t  widths b > 20 mm. The width 
or" t h e  emplaced alld coc~pressed  wind b a r r i e r  must hereby be €,reat-er 
t h a n  2.5 t imes tile width 09 t h e  j o i n t .  

I n  order  t o  e s t ima te  t h e  i n f l u e n c e  of t h e  wind permeabi l i ty  
on h e a t  requi rements ,  t h e  t o t a l  h e a t  r e q ~ l i r e m e n t  f o r  t h e  b u i l d l n ~  
shown i n  f i g .  8 was c a l c u l a t e d  according  t o  D I N  470'1. I f  t h e  
t o t a l  hea t  requirement  wi thout  c o n s i d e r a t i o n  of t h e  e x t e r i o r  wa l l  
j o i n t s  is s e t  a t  IdG%, t hen  t h e  h e a t  l o s s  of t h e  e x t e r i o r  wa l l  
j o i n t s  with r e s p e c t  t h e r e t o  ( w i t h  a  0.25) amounts t o  approx- 
i m a t e l y  7%. T h i s  r e s u l t  conf i rms b a s i c a l l y  t h e  p r a c t i s e d  con- 
v e n t i o n  i n  c a l c u l a t i n g  hea t  r equ i remen t s ,  of d i s r e ~ , a r d i n g  t h e  
i n f l u e n c e  of wind pe rmeab i l i ty  of two-stage j o i ~ l t s .  



Hwizontal and vertikal joints see illustration 3 

Fig. 8 

Heat requirement: Without joints 0 ~ 1 0 0 %  
With joints a'= 1.01 Q [a=0.25 kcal/h.m kp/rn21 

L- - 19.99m 1 
Layout of a three-story building 

3 .  Summary 

It is difficult to find an optimal joint construction for 
the building industq. Based on experience gained to date, how- 
ever, the two-stage joint seems to offer the greatest advantages. 
These are long life, lack of need for maintenance, lack of sen- 
sitivity to tolerances, ertensive lack of sensitivii-y to faulty 
installation practice, and installation independent of the weather. 

Typical inpleoentation examples of tvo-stage joint con- 
struction are represented in figs. 2-4. 

Tests confirm that the wind permeability of tvo-stage joints 
can be practically disregarded in the determination of heat re- 
quirements. 
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