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FOREWORD 

F i e l d  m e a s u r e m e n t s  o f  t h e r m a l  t r a n s m i t t a n c e  have  been  p e r f o r m e d  o n  two t y p e s  o f  
c o n c r e t e  b u i l d i n g s  u s i n g  p o r t a b l e  g u a r d e d  h o t b o x  e q u i p m e n t .  A i r  i n f i l t q a t i o n  
m e a s u r e m e n t s  o f  t h e s e  same two t y p e s  o f  c o n c r e t e  s y s t e m s  w e r e  made i n  t h e  l a b o r -  
a t o r y .  I t  i s  t h e  p r i m a r y  p u r p o s e  o f  t h i s  p a p e r  t o  p r e s e n t  t h e  e f f e c t s  o f  t h e  a i r  
i n f i l t r a t i o n  o n  t h e  o v e r - a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s .  

B U I L D I N G  SYSTEMS IDENTIFICATION 

The t w o  t y p e s  o f  c o n c r e t e  b u i l d i n g  s y s t e m s  e v a l u a t e d  i n  t h i s  s t u d y  a r e  i d e n t i f i e d  
by t h e  f o l l o w i n g :  

1 2 - i n .  ( 0 . 3 0 5  m )  t h i c k  s a n d w i c h  p a n e l  - T h i s  s y s t e m  c o n s i s t e d  o f  a n  8 - i n .  
( 0 . 2 0 3  m )  t h i c k  h o l l o w  c o r e  c o n c r e t e  p l a n k ,  f a c e d  o n  t h e  e x t e r i o r  s i d e  w i t h  
a  n o m i n a l  2 - i n .  ( 5 0 . 8  mm) t h i c k  expanded  p o l y s t y r e n e  b o a r d  (molded beads) , 
a n d  a 2 - i n .  ( 5 0 . 8  mm) t h i c k  c o n c r e t e  f a c e  s h e l l .  The e x t e r i o r  f a c e  s h e l l  
was  s e c u r e d  t o  t h e  p l a n k  w i t h  1 / 4 - i n .  (6 .35  mm) d i a m e t e r  " U "  s h a p e d  a n c h o r s  
wh ich  p i c r c c d  t h c  b o a r d  i n s u l a t i o n .  Thc c o n c r e t e  u s e d  i n  c o n s t r u c t i o n  of 
t h i s  s y s t e m  was  o f  a  heavy  w e i g h t  s a n d  and g r a v e l  mix .  The c o r e s  w e r e  v o i d  
o f  a n y  i n s u l a t i o n  m a t e r i a l .  The w a l l  e v a l u a t e d  i n  t h e  f i e l d  f o r  t h e r m a l  
t r a ~ ~ s m i t t a n c c  was  p a i n t e d  o n  t h e  e x t e r i o r  s u r f a c e s  o n l y ,  and  t h e  s a m p l e  
e v a l u a t e d  i n  t h e  l a b o r a t o r y  f o r  a i r  i n f i l t r a t i o n  was  u n f i n i s h e d  on  b o t h  
s i d e s .  

1 2 - i n .  ( 0 . 3 0 5  m) t h i c k  l i q h t w e i q h t  c o n c r e t e  b l o c k  w a l l  - The c o n c r e t e  
b l o c k s  w e r e  o f  a  l i g h t w e i g h t  a g g r e g a t e  and  n o m i n a l l y  1 2 - i n .  x  8 - i n .  X 1 6 - i n .  
( 0 . 3 0 5  m X 0 . 2 0 3  m X 0 . 4 0 6  m ) .  The two c o r e  b l o c k s  w e r e  c o n s t r u c t e d  i n t o  a 

w a l l  u s i n g  r u n n i n g  bond a n d  s t a n d a r d  m o r t a r  j o i n t s .  The c o r e s  were  f i l l e d  
w i t h  a  b e a d e d  expanded  p o l y s t y r e n e  i n s u l a t i o n .  Bo th  w a l l s  were p a i n t e d  on  
t h e  e x t e r i o r ,  u n f i n i s h e d  o n  t h e  i n t e r i o r .  The w a l l  t e s t e d  f o r  a i r  i n f i l t -  
r a t i o n  was  p a i n t e d  w i t h  two c o a t s  o f  a n  e x t e r i o r ,  w h i t e  l a t e x  p a i n t .  When 
d r i e d ,  t h e  p a i n t  d i d  c o n t a i n  some d k y i n g  c r a c k s .  A t y p i c a l  b l o c k  u s e d  i n  
c o n s t r u c t i o n  o f  t h e  a i r  i n f i l t r a t i o n  tes t  w a l l  w e i g h e d  37 .2  l b s  ( 1 6 . 9  k g ) .  

BACKGROUND 

A i r  l e a k a g e  i n t o  a n d  o u t  o f  b u i l d i n g s  is of c o n c e r n  b i c a u s e  i t  i n c r e a s e s  t h e  
t h e r m a l  t r a n s m i t t a n c e ,  a n d  t h e  cost of  h e a t i n g  a n d  c o o i i n g  t h e  b u i l d i n g .  T h i s  
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e f f e c t  c a n  v a r y  g r e a t l y  w i t h  t h e  r e s i s t a n c e  o f  t h e  b u i l d i n g  c o m p o n e n t s  t o  a i r  
~ n f i l t r a t i o n .  Some e l e m e n t s  o f f e r  a  g r e a t  r e s i s t a n c e  t o  t h e  f l o w  o f  a i r ,  w h i l e  
o t h c r s  a r e  l c s s  r e s i s t a n t  a n d  a r e  h i g h l y  e f f e c t e d  by  t h e  a i r  i n f i l t r a t i o n .  F o r  
e x a m p l e ,  a  3  f t  X 5  f t  ( 0 . 9 1 4  m x 1 . 5 2  m )  d o u b l e  h u n g  wood window w i t h  i n s u l a t e d  
y l a z i n g  a n d  i n  t h e  l o c k e d  p o s i t i o n  may h a v e  a  t h e r m a l  t r a n s m i t t a n c e  o f  0 . 4 5  B t u /  
h r - s q  f t - F  ( 2 . 5 6  ~ / s q  m-C) when t e s t e d  w i t h  minimum a i r  i n f i l t r a t i o n  e f f e c t s ,  y e t  
h a v e  a  t h e r m a l  t r a n s m i t t a n c e  o f  3 . 3 0  - ( 1 8 . 7 )  when t h e  e f f e c t s  o f  a  2 3  mph ( 3 7  km/h) 
a r e  ~ m p o s e d  (NBS BSS 7 7 ,  p .  8 2 )  . 

F o r  t h o s e  c o n s t r u c t i o n  m a t e r i a l s  a n d  s y s t e m s  t h a t  a l l o w  t h e  a i r  i n f i l t r a t i o n ,  
t h e  o v e r - a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  c o n s i s t s  o f  t w o  p r i m a r y  p a r t s :  

1. The h e a t  t r a n s f e r  d u e  t o  c o n d u c t i o n  t h r o u g h  t h e  a s s e m b l y  ( U c ) .  

2 .  The h e a t  t r a n s f e r  d u e  t o  t h e  a i r  i n f i l t r a t i o n  ( U i ) .  

F o r  t h i s  s t u d y ,  t h e  o v e r - a l l  c o e f f i c i e n t  ( U o )  i s  e q u a l  t o  t h e  sum o f  t h e s e  two  
p a r t s ,  o r  m a t h e m a t i c a l l y :  U. = Uc + U i  

D u r i n g  w i n t e r ,  t h e  h e a t  r e q u i r e d  t o  c o n d i t i o n  i n c o m i n g  c o l d e r  o u t s i d e  a i r  w o u l d  
i n c l u d e  t h e  f o l l o w i n g :  

1. The  s e n s i b l e  h e a t  r e q u i r e d  t o  r a i s e  t h e  a i r  t e m p e r a t u r e  o f  t h e  e x t e r i o r  
a i r  t o  t h e  i n t e r i o r  t e m p e r a t u r e .  

2 .  The  l a t e n t  h e a t  o f  v a p o r i z a t i o n  o f  t h e  w a t e r  r e q u i r e d  t o  r a i s e  t h e  
h u m i d i t y  o f  t h e  e x t e r i o r  a i r  t o  t h a t  o f  t h e  i n t e r i o r  a i r .  

To s i m p l i f y  t h i s  p r e s e n t a t i o n ,  o n l y  t h e  s e n s i b l e  h e a t  r e q u i r e d  t o  r a i s e  t h e  
o u t s i d e  a i r  t e m p e r a t u r e  t o  t h a t  o f  t h e  i n s i d e  a i r  t e m p e r a t u r e  i s  i n c l u d e d .  I f  
h u m i d i f i c a t i o n  o f  t h e  b u i l d i n g s  w e r e  t o  b e  i n c l u d e d  i n  t h i s  s t u d y ,  t h e  o v e r - a l l  
h e a t  t r a n s f e r  c o e f f i c i e n t s  w o u l d  b e  e v e n  h i g h e r  d u e  t o  a i r  i n f i l t r a t i o n  t h a n  a r e  
p r c s e n  t e d  h e r e i n .  

P r e s s u r e  d i f f e r e n c e s  c a u s i n g  a i r  i n f i l t r a t i o n  i n  a  b u i l d i n g  i n c l u d e  t h o s e  d u e  
t o  w i n d  f o r c e s ,  a n d  t h o s e  d u e  t o  d i f f e r e n c e s  i n  t e m p e r a t u r e  b e t w e e n  t h e  i n s i d e  
a n d  o u t s i d e  p r o d u c i n g  a  d i f f e r e n c e  i n  d e n s i t y  o f  t h e  a i r  col.umns ( s t a c k  e f f e c t ) .  
F o r  b u i l d i n g s  w i t h  a  r e l a t i v e l y  s m a l l  h e i g h t ,  s u c h  a s  2 5  f t  ( 7 . 6 2  m ) ,  t h e  f o r c e s  
d u e  t o  a i r  d e n s i t y  d i f f e r e n c e s  a r e  s m a l l  c o m p a r e d  w i t h  w i n d  f o r c e s  a n d  a r e  n e g l e c t -  
e d  i n  t h i s  s t u d y .  P r e s s u r e  d i f f e r e n c e s  p r o d u c e d  by  m e c h a n i c a l  e q u i p m e n t  a n d  o t h e r  
e x t e r n a l  c a u s e s  a r e  a l s o  b e i n g  n e g l e c t e d .  T h e r e f o r e ,  o n l y  t h e  e f f e c t s  o f  w i n d  
f o r c e s  a r e  i n c l u d e d  i n  t h i s  s t u d y .  F o r  t a l l e r  b u i l d i n g s  w h e r e  t h e  s t a c k  e f f e c t s  
become a p p r e c i a b l e ,  o r  w h e r e  m e c h a n i c a l  e q u i p m e n t  c o n t r i b u t e  t o  t h e  a i r  i n f i l t -  
r a t i o n  r a t e s ,  t h e  o v e r - a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s  d u e  t o  a i r  i n f i l t r a t i o n  
w o u l d  b e  h i g h e r  t h a n  a r e  p r e s e n t e d  h e r e i n .  

Wind f o r c e s  c a n  b e  t h e o r e t i c a l l y  d e f i n e d  m a t h e m a t i c a l l y ,  b u t  d u e  t o  v a r i a b l e s  
s u c h  a s  w i n d  d i r e c t i o n ,  s h a p e  o f  t h e  b u i l d i n g ,  p r e s e n c e  o f  t r ee s  a n d  g r o u n d  
e l e v a t i o n s  a r o u n d  t h e  b u i l d i n g ,  i t  i s  n e c e s s a r y  t o  make a s s u m p t i o n s  i n  o r d e r  t o  
c o r r e l a t e  w i n d  v e l o c i t y  w i t h  a c t u a l  i m p o s e d  p r e s s u r e  d i f f e r e n t i a l s .  P u b l i s h e d  
i n f o r m a t i o n  (ASHRAE Handbook a n d  P r o d u c t  D i r e c t o r y ,  1 9 7 7 ,  p .  21-1 & 21-2)  
i n d i c a t e s  t h a t  w i n d  p r e s s u r e s  v a r y  f r o m  + 0  . S  t o  + 0 . 9  o f  i d e a l  o n  t h e  w i n d w a r d  
s i d e ,  f r o m  - 0 . 3  t o  - 0 . 6  o f  i d e a l  o n  t h e  l e e w a r d  s i d e  o f  a s i m p l e  s q u a r e  o r  
r e c t a n g u l a r  b u i l d i n g  d e p e n d i n g  upon  t h e  a n g l e  o f  t h e  w i n d ,  a n d  f r o m  - 0 . 1  t o  - 0 . 9  
o f  i d e a l  s t a t i c  p r e s s u r e  o n  t h e  s i d e s  p a r a l l e l  t o  o r  a t  s l i g h t  a n g l e s  t o  t h e  
w i n d  d i r e c t i o n .  S i n c e  t h e  b l o c k s  w e r e  t e x t u r e d  a n d  t n e  s a n d w i c h  p a n e l s  c o n t a i n e d  
s c o r e d  e x t e r i o r  s u r f a c e s ,  t h e  c o n c r e t e  s y s t e m s  e v a l u a t e d  c o n t a i n e d  g r e a t e r  t h a n  a  
s q u a r e  f o o t  o f  c o n t a c t  s u r f a c e  f o r  e a c h  s q u a r e  f o o t  o f  w a l l  a r e a .  W i t h  t h i s  
i n f o r m a t i o n ,  i t  w a s  a s s u m e d  t h a t  t h e  w i n d  i m p i n g e d  upon  t h e  w i n d w a r d  s i d e  w i t h  



1 ~ 1 1 1  c . t  l l c l e n c y  c;lusi I I ~ I  slr l r l f  il ! raL Ion Lo o c c u ~ - ,  and t.hat t t ~ c  o u t f l o w  of  a i r  
o c c u r r c d  th rough  t h c  o t h e r  t h r e e  s l d c s .  

The o v e r - a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s  a r e  c a l c u l a t e d  a s  f o l l o w s :  

U, = U, k U i  " U, -1- Qcp(GO)/A(4)  

Where: Q = a i r  i n f i l t r a t i o n  r a f e  @ v e l o c i t y  V ,  cfm 
c  = s p e c i f i c  h e a t  of  d r y  a i r  a t  c o n s t a n t  p r e s s u r e ,  0 .24  
p  = d e n s i t y  o f  o u t s l d e  a i r  ( d e n s i t y  of  s t a n d a r d  a i r  C3 0 . 0 7 5  pcf used  

t o  s i  111p1lLy L l ~ i u  p ~ c t ; c ~ l L a l - l o ~ l )  pcf 
A = a r e a  th rough  which Q i s  o c c u r r i n g ,  s q .  f t .  

TEST METHODS 

F i e l d  Measurements of  Therinal T r a n s m i t t a n c e  

Thermal t r a n s m i t t a n c e  t e s t s  were  perforrned on two r e l a t i v e l y  new, warehouse  
t y p e  c o n c r e t e  b u i l d i n g s  l o c a t e d  a b o u t  two b l o c k s  a p a r t  i n  M i n n e a p o l i s ,  Minnesota  
The t e s t i n g  was performed d u r i n g  one week i n  J a n u a r y ,  1978 on e a s t  f a c i n g  w a l l  
a r e a s  s e l e c t e d  by t h i s  a u t h o r .  One b u i l d i n g  was c o n s t r u c t e d  o f  t h e  sandwich 
p a n e l s ,  and t h e  o t h e r  o f  t h e  l i g h t w e i g h t  c o n c r e t e  b l o c k s .  

The t e s t i n g  was performed f o l l o w i n g  t h e  g u i d e l i n e s  of  ASTM C-236 u s i n g  s p e c i a l l y  
c o n s t r u c t e d  a p p a r a t u s .  A s k e t c h  of t h e  a p p a r a t u s  i s  shown i n  F i g .  1. The e x t e r i o r  
box c o n t a i n e d  a  g r i d  network o f  the rmocouples  f o r  measurement o f  t h e  e x t e r i o r  a i r  
t e m p e r a t u r e s .  The m e t e r i n g  box was nominal  4 f t .  (1 .22  m )  wide  and 8 f t .  ( 2 . 4 4  m )  
h i g h  and was i n s t r u m e n t e d  w i t h  d i f f e r e n t i a l  the rmocouples  f o r  c o r r e c t i o n  o f  t h e  
n e t  h e a t  f l o w .  D i f f e r e n t i a l  the rmocouples  were  p l a c e d  on t h e  w a l l s  a t  t h e  p e r i -  
meter of  t h e  mete red  a r e a  f o r  c o n t r o l  of  l a t e r a l  h e a t  f l o w .  The m e t e r i n g  box 
was equ ipped  w i t h  f a n ,  h e a t e r s ,  and v a r i a b l e  v o l t a g e  s o u r c e  f o r  c o n t r o l  and 
adjustyment of  t h e  e l e c t r i c a l  h e a t  i n p u t  t o  t h e  m e t e r i n g  box,  w i t h  t h e  h e a t  i n p u t  
measured u s i n g  t h e  Genera l  E l e c t r i c  w a t t h o u r  mete r  s t a n d a r d .  The t e m p e r a t u r e  o f  
t h e  a i r  and of  t h e  c o n c r e t e  s u r f a c e s  on b o t h  s i d e s  were moni to red  u s i n g  thermo- 
c o ~ i p l c y s  and d i r e c t  r e a d i n g  d i g i t a l  thermocouple  i n d i c a t o r .  Data were  t a k e n  
h a l f - h o u r l y  d u r i n g  a  s u f f i c i e n t  p e r i o d  t o  a s s u r e  t h a t  a l l  c o n d i t i o n s  were  s t a b l e .  
Itillor adjusLrucnts wcrc mndc to t h c  heat f low i n p u t  d u r i n q  t h e  p r e l i m i n a r y  p e r i o d  
t o  m a i n t a i n  t h e  w a l l  d i f f e r e n t i a l  a t  z e r o .  The warehouses  were  m a i n t a i n e d  a t  
c o n s t a n t  t e m p e r a t u r e ,  a n d  used a s  t h e  guard  box. 

The e x t e r i o r  box was k e p t  i n  n e a r  c o n t a c t  w l t h  t h e  w a l l ,  t o  s h i e l d  t h e  w a l l  
from t h e  e f f e c t s  o f  v a r y i n g  w i n d s .  Data  were  t a k e n  a t  n i g h t  when no s o l a r  e f f e c t s  
were  p r e s e n t .  A remote  r e f r i g e r a t i o n  u n i t  p r o v i d e d  a d d i t i o n a l  c o o l i n g  when 
r e q u i r e d ,  a l t h o u g h  t h e  e x i s t i n g  c o l d  w i n t e r  a i r  was used  t o  p r o v i d e  most of t h e  
c o o l l  n q .  

L a b o r a t o r y  Measurements of A i r  I n f i l t r a t i o n  

The a i r  i n f i l t r a t i o n  t e s t i n g  was performed i n  conformance w i t h  ASTM E-283, 
e x c e p t  t h e  d i f f e r e n t i a l  p r e s s u r e s  used  were  many. The t e s t i n g  was performed on 
specimens  a p p r o x i m a t e l y  4 f t .  ( 1 . 2 2  m )  wide  and 6  f t .  ( 1 . 8 3  m )  h i g h .  The 
c o n c r e t e  b l o c k  w a l l  was c o n s t r u c t e d  by a  p r o f e s s i o n a l  b l o c k  l a y e r  u s i n g  S a k k r e t e  
n ior tar  mix,  r u n n i n g  bond, and s t a n d a r d  3 ' 8  i n .  ( 0 . 9 5  cm) wide m o r t a r  j o i n t s .  The 
j o i n t s  were  t i g h t  and were  t o o l e d .  P a i n t i n g  of t h e  c o n c r e t e  b l o c k  w a l l  was 
aci:ompl i s h c d  u s i n g  a r o l l e r .  The p a i n t  was a l l o w e d  t o  t h o r o u g h l y  d r y  p r i o r  t o  
t e s t i n g ,  b u t  f i s s u r e s  d i d  d e v e l o p  d u r i n g  t h e  a i r  d r y i n g  p e r i o d .  Both w a l l s  were  
t h o r o u g h l y  d r i e d  p r i o r  t o  a i r  i n f i l t r a t i o n  t e s t i n g .  

The a p p a r a t u s  c o n s i s t e d  o f  a  f i v e  s i d e d ,  open- faced  chamber,  a d j u s t a b l e  a i r  



s u p p l y ,  a n d  manometer .  A s c h e m a t i c  o f  t h e  a p p a r a t u s  i s  shown i n  F i g .  2 .  Each  
s p e c i m e n  was  s e a l e d  t o  t h e  o p e n i n g  i n  t h e  a i r  t i g h t  chamber ,  and  t h e  p e r i m e t e r  
eclqes o f  e a c h  p a n e l  s e a l e d  s o  a l l  a i r f l o w  had  t o  o c c u r  f rom t h e  e x t e r i o r  s i d e  t o  
t h e  I n t e r i o r  s l d e  t h r o u g h  t h e  s p e c i m e n .  A h i g h  s p e e d  b l o w e r  f o r c e d  a i r  i n t o  t h e  
chamber ,  and  t h e  chamber  a l l o w e d  t h e  b u i l d  u p  o f  p r e s s u r e  e q u a l  t o  t h e  f o r c e s  
c r e a t e d  by v a r y i n g  w i n d  v e l o c i t i e s .  An i n c l i n e d  w a t e r  column manometer  was  u s e d  
t o  m e a s u r e  t h e  s t a t i c  p r e s s u r e  w i t h i n  t h e  chamber ,  and  t h e  d i f f e r e n t i a l  p r e s s u r e  
a c r o s s  t h e  s p e c i m e n .  A v a l v e  i n  t h e  a i r  s u p p l y  l i n e  a l l o w e d  t h e  a d j u s t m e n t  o f  
a i r f l o w  t o  a c h i e v e  t h e  d e s i r e d  chamber  p r e s s u r e .  The a i r f l o w  r a t e  was  measu red  
u s i n g  t h e  EMCO low p r e s s u r e  f l o w  p r o v e r  e q u i p m e n t ,  w h i c h  c o n s i s t e d  o f  an  a p p r o a c h  
t u b e ,  t h e r m o m e t e r  w e l l ,  s t r a i g h t e n i n g  v a n e s ,  o r i f i c e  p l a t e  f l a n g e  and  o r i f i c e  
p l a t e s ,  d i s c h a r g e  t u b e  and  manometer  t o  measu re  t h e  p r e s s u r e  d i f f e r e n t i a l  a c r o s s  
t h e  o r i f i c e  p l a t e  i n  u s e .  The o r i f i c e  p l a t e s  u s e d  w e r e  c a l i b r a t e d  by t h e  
m a n u f a c t u r e r .  

The r e l a t i o n s h i p  be tween  chamber  s t a t i c  p r e s s u r e  a n d  s i m u l a t e d  w i n d  v e l o c i t y  
i s  g i v e n  by t h e  f o l l o w i n g  f o r m u l a  (Handbook and  P r o d u c t  D i r e c t o r y ,  1 9 7 7 ,  p .  2 1 - 1 ) :  

Where:  P = d i f f e r e n t i a l  p r e s s u r e ,  i n c h e s  o f  w a t e r  co lumn ( 2 4 9  p a s c a l s )  
V = s i m u l a t e d  wind  v e l o c i t y ,  m i l e s  p e r  h o u r  ( 0 . 4 4 7  m / s )  

N o t e :  The c o e f f i c i e n t  0 .000482 becomes 0 . 6 0 1  when S1 u n i t  a r e  u s e d .  

TEST RESULTS 

F i e l d  The rma l  T r a n s m i t t a n c e  Measu remen t s  

The t e s t  r e s u l t s  a r e  summar ized  by t h e  f o l l o w i n g :  

I tem 
W a l l  S y s t e m  

H e a t  f l o w  r a t e ,  B t u / h r - s q  f t  
(w/m2 

Warm a i r  t e m p e r a t u r e ,  F  

( C )  

C o l d  a i r  t e m p e r a t u r e ,  F  
( C )  

T e s t  R e s u l t s  
Sandwich  P a n e l  C o n c r e t e  B l o c k s  

The rma l  t r a n s m i t t a n c e ,  a s  t e s t e d  
B t u / h r - s q  f t - F  0 . 1 1 9  0 .155  
( ~ / m 2 - ~ )  ( 0 . 6 7 6 )  ( 0 . 8 8 0 )  

L a b o r a t o r y  m e a s u r e m e n t s  on  a  t h o r o u g h l y  d r i e d ,  s p e c i a l l y  s e l e c t e d  s a n d w i c h  
p a n e l  y i e l d e d  a  t h e r m a l  t r a n s m i t t a n c e  o f  0 . 1 0  B t u / h r - s q  f t - F  ( 0 . 5 6 8  ~ / m 2 - ~ )  
(Dyna the rm E n g i n e e r i n g  L a b .  No. 2 0 8 ) .  T h i s  v a l u e  was  c a l c u l a t e d  u s i n g  measu red  
p a n e l  c o n d u c t a n c e ,  a n d  s u r f a c e  r e s i s t a n c e s  f rom ASHRAE f o r  s t i l l  a i r  i n s i d e  and  
1 5  mph ( 2 4 . 2  km/h) w i n d  o u t s i d e .  L a b o r a t o r y  measu remen t s  o f  a  t h o r o u g h l y  d r i e d  
c o n c r e t e  b l o c k  w a l l  w i t h  b l o c k  o f  s l i g h t l y  l o w e r  d e n s i t y  a n d  c o m p a r a b l e  c o r e  
i n s u l a t i o n  y i e l d e d  a  t h e r m a l  t r a n s m i t t a n c e  c o r r e c t e d  t o  t h e  same s u r f a c e  cond- 
l t i o n s  a s  above  o f  0 . 1 3  ~ t u / h r - s q  f t - F  ( 0 . 7 3 8  w/m2-C)  (Dynatherm E n g i n e e r i n g  Lab .  
No. 0 3 8 )  . 



L a b o r a t o r y  M e a s u r e m e n t s  o f  A i r  I n f i l t r a t i o n  

The r e s u l t s  o f  a i r  i n f i l t r a t i o n  m e a s u r e m e n t s  o n  t h e  t w o  w a l l  s y s t e m s  a r e  
p r e s e n t e d  i n  F i g .  3 .  The a i r  i n f i l t r a t i o n  r a t e s  a r e  c o r r e c t e d  t o  s t a n d a r d  cond-  
i t i o n s  o f  2 9 . 9 2  i n .  ( 7 6 0  mm) o f  m e r c u r y  c o l u m n ,  a n d  t o  6 9 . 4 F  ( 2 0 . 8 ~ ) .  

A t  t h e  h i g h e r  s i m u l a t e d  w i n d  v e l o c i t i e s ,  t h e  a i r  i n f i l t r a t i o n  w a s  s o ' o b v i o u s  
t h a t  t h e  a i r  j e t t i n g  o u t  o f  t h e  w a l l - f r o m  t h e  i n t e r i o r  s i d e  w a s  d e t e c t a b l e  
r e a d i l y  by  s i m p l y  p l a c i n g  t h e  h a n d  a d j a c e n t  t o  t h e  w a l l .  U s i n g  t h i s  t e c h n i q u e ,  
d i f f e r e n c e s  w e r e  d e t e c t a b l e  i n  t h e  m a g n i t u d e  o f  t h e  a i r  i n f i l t r a t i o n  a t  d i f f -  
e r e n t  b l o c k s  w i t h i n  t h e  same t e s t  w a l l .  

E x p a n d e d  p o l y s t y r e n e  b o a r d  i n s u l a t i o n  ( m o l d e d  b e a d s )  d o e s  a l l o w  some a i r  
i n f i l t r a t i o n .  F o r  e x a m p l e ,  a  r a t e  o f  0 . 2 7 0  cfm/ s q  f t  ( 1 . 3 7  1,'s-m2) was  meas-  
u r e d  o n  a  n o m i n a l  l - i n .  ( 2 . 5 4  c m )  t h i c k  1 p c f  ( 1 6  kg/m3) u s i n g  a  p r e s s u r e  d i f f -  
e r e n t i a l  o f  1 . 5 7  p s f  ( 7 5 . 2  p a )  ( D y n a t h e r m  E n g i n e e r i n g  L a b .  No. 1 5 2 ) .  I t  a p p e a r s  
t h a t  t h e  p r o p e r t i e s  o f  h i g h e r  d e n s i t y  c o n c r e t e ,  b o a r d  i n s u l a t i o n ,  a n d  l a c k  o f  
m o r t a r  j o i n t s  w e r e  f a c t o r s  c o n t r i b u t i n g  t o  t h e  i n c r e a s e d  r e s i s t a n c e  t o  a i r  
i n f i l t r a t i o n  t h r o u g h  t h e  s a n d w i c h  p a n e l .  

OVER-ALL HEAT TRANSFER COEFFICIENTS ( U o )  

The  e f f e c t s  o f  a i r  i n f i l t r a t i o n  o n  t h e  o v e r - a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s  ( U o )  

a r e  shown i n  F i g .  4 .  The  o n e  c u r v e  shows  t h e  s a n d w i c h  p a n e l  w i t h  n i l  a i r  
i n f i l t r a t i o n  e f f e c t s ,  w i t h  t h e  c o e f f i c i e n t s  c o r r e c t e d  o n l y  f o r  t h e  w i n d  e f f e c t s  
o n  t h e  o u t s i d e  s u r f a c e  c o n d u c t a n c e  c o e f f i c i e n t s .  F o r  t h e  l i g h t w e i g h t  c o n c r e t e  
b l o c k  w a l l  p a n e l  w h e r e  a i r  i n f i l t r a t i o n  e f f e c t s  w e r e  q u i t e  s i g n i f i c a n t ,  t h e  
o v e r - a l l  c o e f f i c i e n t s  a r e  shown f o r  d r y  a i r  o n l y ,  w h e r e  n o  h u m i d i f i c a t i o n  i s  
t a k e n  i n t o  a c c o u n t .  The  o v e r - a l l  c o e f f i c i e n t s  w e r e  c a l c u l a t e d  u s i n g  t h e  m e a s u r e d  
v a l u e  by  c o n d u c t i o n ,  a n d  f r o m  t h e  m e a s u r e d  a i r  i n f i l t r a t i o n  d a t a .  

REMARKS 

I t  i s  n o t  known how t y p i c a l  e i t h e r  w a l l  s y s t e m  w a s .  D e t e r i o r a t i o n  o f  p a i n t  o r  
o t h e r  s u r f a c e  c o a t i n g s ,  r e p a i n t i n g  o r  r e c o a t i n g  o f  w a l l s ,  o p e n i n g  u p  o f  m o r t a r  
j o i n t s ,  v a r i a t i o n s  i n  m a t e r i a l s ,  a n d  o t h e r  f a c t o r s  may e f f e c t  t h e  o v e r - a l l  h e a t  
t r a n s f e r  c o e f f i c i e n t s  o b t a i n e d .  A d d i t i o n a l  r e s e a r c h  i s  u n d e r w a y  t o  e v a l u a t e  
o t h e r  t y p e s  o f  c o n c r e t e  b u i l d i n g  s y s t e m s  f o r  a i r  i n f i l t r a t i o n  e f f e c t s  o n  t h e  
t h e r m a l  t r a n s m i t t a n c e .  



~i g .  1  S c h e m a t i c  
di n g r a m  o f  g u a r d e d  
h o t b o x  a p p a r a t u s  

M e t e r i n g  Box 

A i r f l o w  
M e t e r  

TEST 
WALL 

P r e s s u r e  M e a s u r i n g  
Devlcc ( M a n o m e t e r )  

F i g .  2 A i r  i n f i l t r a t i o n  a p p a r a t u s  



SIHLTLATED WIND VELOCITY. Wiles P e r  Hour ( h / h )  

F i g .  3 A i r  i n f i l t r a t i o n  r a t e s  t h r o u g h  two t y p e s  o f  
c o n c r e t e  b u i l d i n g  s y s t e m s  

SIMlnhTEO W I N D  VELOCITY, Mile# Prr Hour ( k m / h )  

F i g .  4 Over -a11  h e a t  t r a n s f e r  c o e f f i c i e n t s  
f o r  c o n c r e t e  w a l l s  


