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DIFFERENCES DE PRESSION CAUSEES P.4R LE VENT 

AUX ALENTOURS DE DEUX EDIFICES ELEVES 

SOMMAIRE 

Les auteurs ont dGtermine les diffe'rences de pression dues 'a 

l'action du vent de part e l  d'autre des murs d'edifices de 45 

et  de 34 Gtages dans le centre d'une grande ville. Ills ont 

effectue' une analyse rk ress ive  des enregistrements des 

pressions pour determiner les coefficients de pression du vent 

pour les deux e'difices. Les coefficients variaient beaucoup 

selon les variations de direction le long du gradient vertical de 

vitesse du vent e t  l'effet de bouclier des Gdifices avoisinants. 

Les vitesses de vent relev6es in situ furent comparges avec 

les vitesses de vent mesur6es 2 la station m6t'eorologique. On 

a remarque' que la relation entre les dcux observations variait 

?i cause des traits ge'neraux de la configuration du sol aux deux 

endroits. 
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Pressure Differences Caused 

E s t i m a t i n g  t h e  q u a n t i t y  of a i r  l e a k a g e  f o r  a b u i l d i n g  

r e q u i r e s  a k n o w l e d g e  of the  p r e s s u r e  d i f f e r e n c e  

p a t t e r n  o v e r  t h e  e x t e r i o r  w a l l ,  as  w e l l  as t h e  a i r  

l e a k a g e  c h a r a c t e r i s t i c s  of t h e  e x t e r i o r  w a l l  com-  

p o n e n t s .  Wind i s  o n e  of the m a j o r  f o r c e s  c a u s i n g  t h e  

p r e s s u r e  d i f f e r e n c e s  w h i c h  r e s u l t  i n  a i r  l e a k a g e s .  

T h e  o t h e r  f o r c e s  a r e  c h i m n e y  a c t i o n  a n d  t h e  im- 

b a l a n c e  of  s u p p l y  a n d  e x h a u s t  a i r  of the  m e c h a n i c a l  

v e n t i l a t i o n  s y s t e m .  

In format ion  on  the p r e s s u r e  p a t t e r n s  r e s u l t i n g  

from w i n d ,  as a f u n c t i o n  of b u i l d i n g  c o n f i g u r a t i o n ,  

c a n  b e  found  i n  m a n y  r e f e r e n c e s  d e a l i n g  w i t h  m o d e l  

s t u d i e s  i n  w i n d  t u n n e l s 1 .  V e l o c i t y  c o n d i t i o n s  in 

s u c h  s t u d i e s  a r e  u s u a l l y  i d e a l i z e d .  I n  r e a l i t y ,  w i n d  

c o n d i t i o n s  a r e  a f f e c t e d  by  t h e  s u r r o u n d i n g  t e r r a i n  

a n d  a d j a c e n t  b u i l d i n g s .  B e c a u s e  of t h e  c o m p l e x  n a -  

t u r e  o f  the  w i n d ,  a n d  t h e  d i f f i c u l t i e s  of m e a s u r i n g  i t  

u n d e r  the n o n - s t e a d y  c o n d i t i o n s  t h a t  o c c u r  i n  n a t u r e ,  

t h e r e  is l i t t l e  i n f o r m a t i o n  on  p r e s s u r e  p a t t e r n s  for  

a c t u a l  b u i l d i n g s .  

AS p a r t  of a s t u d y  on t h e  p r e s s u r e  d i f f e r e n c e s  

t h a t  o c c u r  a c r o s s  b u i l d i n g  e n c l o s u r e s ,  p r e s s u r e  

m e a s u r e m e n t s  w e r e  c o n d u c t e d  o n  t w o  t a l l  b u i l d i n g s  

( 4 4  a n d  34 s t o r i e s )  l o c a t e d  i n  Mont rea l .  T h e  f i r s t  

by Wind on Two Tall Buildings 

p h a s e  of t h i s  i n v e s t i g a t i o n  d e a l t  w i t h  t h e  e x t e r i o r  

w a l l  p r e s s u r e  d i f f e r e n c e s  c a u s e d  b y  c h i m n e y  a c t i o n  

a n d  m e c h a n i c a l  v e n t i l a t i o n  s y s  tem o p e r a t i o n .  P r e s -  

s u r e  d i f f e r e n c e s  a c r o s s  t h e  e x t e r i o r  w a l l  a n d  i n t e r i o r  

s e p a r a t i o n s  w e r e  m e a s u r e d  d u r i n g  c a l m  p e r i o d s  a t  

v a r i o u s  o u t s i d e  t e m p e r a t u r e s .  T h e  r e s u l t s  of t h e s e  

m e a s u r e m e n t s  h a v e  b e e n  r e p o r t e d 2 .  

T h e  s e c o n d  p h a s e  d e a l t  wi th  t h e  p r e s s u r e  d i f f e r -  

e n c e s  a c r o s s  t h e  e x t e r i o r  w a l l  w h i c h  w e r e  c a u s e d  by 

wind .  F o r  t h i s  s t u d y ,  c o n t i n u o u s  w i n d  a n d  p r e s s u r e  

r e c o r d s  w e r e  o b t a i n e d  a n d  a r e g r e s s i o n  a n a l y s i s  w a s  

c a r r i e d  o u t  w i t h  t h e  a i d  of a d i g i t a l  c o m p u t e r  t o  d e -  

t e r m i n e  w i n d  p r e s s u r e  c o e f f i c i e n t s  for  b o t h  b u i l d i n g s .  

T h e  r e s u l t s  of t h e  a n a l y s i s  a r e  g i v e n  i n  t h i s  p a p e r .  

I D E S C R I P T I O N  O F  T H E  T E S T  B U I L D I N G S  

B u i l d i n g s  A a n d  B ,  s h o w n  in  F i g s .  1 a n d  2 ,  a r e  com-  

m e r c i a l  o f f i c e  b u i l d i n g s  l o c a t e d  in  d o w n t o w n  Mont-  

r e a l .  A c o n t o u r  m a p  d e s c r i b i n g  t h e  c h a r a c t e r i s t i c s  of 

t h e  t e r r a i n  i n  w h i c h  B u i l d i n g s  A a n d  B a r e  l o c a t e d  

i s  g i v e n  in F i g .  3. 

B u i l d i n g  A h a s  4 4  s t o r i e s  a n d  is 6 0 7  f t  a b o v e  

s t r e e t  l e v e l  t o  t h e  t o p  of t h e  a r c h i t e c t u r a l  f e n c e  o n  

t h e  roof .  R e c t a n g u l a r  in  s h a p e ,  i t  h a s  d i m e n s i o n s  of 

G. T.  Tomura i s  a Research O f f i c e r ,  and A.  G. Wilson i s  Head 1 1 0 0  by  1 4 0  f t .  T h e  3 4 - s t o r y  B u i l d i n g  B is 4 3 6  f t  h i g h  

National  Research Counci l  o f  Canada and i s  publ ished wi th  the I ~~f~~~~~~ 2 .  

of the Bu i ld ing  Service Section, ~ i v i i i o n  of  Bu i ld ing  Research, 

Nat ional  Research Counci l  o f  Canada, Ottawa. Th i s  paper is  o 

contribution o f  the D iv is ion  of  Bu i ld ins  Research of  the 

a n d  h a s  f l o o r  d i m e n s i o n s  of 1 1 7  by 1 7 3  f t .  A m o r e  

c o m p l e t e  d e s c r i p t i o n  of t h e  b u i l d i n g s  is g i v e n  i n  

approval o f  the Director of  the D iv is ion .  Th i s  paper was 

for presentation at the ASHRAE Annual Meeting, Lake Placid,  
F i g .  4  s h o w s  t h e  l o c a t i o n  a n d  s i z e  of b u i l d i n g s  

New York, June 24-26, 1968. i n  t h e  i m m e d i a t e  v i c i n i t y  of t h e  t w o  t e s t  b u i l d i n g s  



Fig.  1 Bui ld ing  A 

a n d  g i v e s  a n  i n d i c a t i o n  of t h e  e x t e n t  t o  w h i c h  t h e y  

a r e  s h i e l d e d .  

F o r  c o n v e n i e n c e  t h e  c a r d i n a l  d i r e c t i o n s  w e r e  

a r b i t r a r i l y  c h o s e n  a t  r ight  a n g l e s  t o  t h e  b u i l d i n g  

f a c e s .  U n l e s s  o t h e r w i s e  s t a t e d ,  t h e  c a r d i n a l  d i r e c -  

t i o n s  a r e  as i n d i c a t e d  i n  F i g .  3. 

I N S T R U M E N T A T I O N  

T h e  o u t s i d e  p r e s s u r e  t a p s  w e r e  l o c a t e d  i n  t h e  m i d d l e  

of e a c h  w a l l  of t h e  t w o  m e c h a n i c a l  e q u i p m e n t  f l o o r s :  

for  B u i l d i n g  A a t  h e i g h t s  of 195 a n d  545  f t ,  a n d  for  

B u i l d i n g  B a t  h e i g h t s  of 135 a n d  410 f t  a b o v e  s t r e e t  

l e v e l .  T h e  e x t e r i o r  w a l l  p r e s s u r e s  w e r e  r e f e r e n c e d  

Fig. 2 Bui ld ing  B 

t o  i n s i d e  p r e s s u r e  t a p s  l o c a t e d  two f l o o r s  a w a y  from 

t h e  c o r r e s p o n d i n g  m e c h a n i c a l  e q u i p m e n t  f loor .  In  

a d d i t i o n  to t h e  p r e s s u r e  t a p s  a t  t h e  t w o  u p p e r  l e v e l s ,  

o u t s i d e  t a p s  w e r e  i n s t a l l e d  on e a c h  of t h e  four  w a l l s  

of  B u i l d i n g  B a t  t h e  g round  f loor  l e v e l .  

T h e  o u t s i d e  a n d  i n s i d e  t a p s  w e r e  c o n n e c t e d  t o  a  

s t r a i n  g a u g e  d i a p h r a g m - t y p e  p r e s s u r e  t r a n s d u c e r  

( s e n s i t i v i t y  0.002 i n .  of w a t e r )  of t h e  p r e s s u r e  re- 

c o r d i n g  s y s t e m  l o c a t e d  i n  o n e  of t h e  m e c h a n i c a l  

e q u i p m e n t  f loors .  T h e  c o n n e c t i o n  b e t w e e n  t h e  p r e s -  

s u r e  t a p  a n d  t h e  p r e s s u r e  t r a n s d u c e r  w a s  m a d e  w i t h  

%-in.  p l a s t i c  t u b i n g  w h i c h  c o n t r i b u t e d  t o  t h e  l a g  of 

t h e  r e c o r d i n g  s y s t e m .  With 400 f t  of %-in. p l a s t i c  

t u b i n g  ( t h e  l o n g e s t  c o n n e c t i o n  u s e d )  t h e  t i m e  con-  

s t a n t  of t h e  r e c o r d i n g  s y s t e m  for  a  s t e p  i n p u t  w a s  

2.7 s e c .  T h e  t i m e  c o n s t a n t  of e a c h  p r e s s u r e  t a p  w a s  

d i f f e r e n t  b e c a u s e  of t h e  v a r y i n g  l e n g t h s  of t h e  t u b e  

c o n n e c t i o n s .  

T h e  o u t s i d e  a i r  t e m p e r a t u r e  w a s  m e a s u r e d  wi th  a 

t h e r m i s t o r  l o c a t e d  in  a  s h e l t e r e d  a r e a  on t h e  roof of 



Fig. 3 Contour map of the terrain surrounding test  buildings 



HORTH RELATIVE 

TO TEST BUILOIHGS ,<;RUE H O R T ~  

Fig. 4 Plan showing heights  o /  adjacent buildings 

t h e  b u i l d i n g .  T h e  w i n d  s p e e d  a n d  d i r e c t i o n  w e r e  

m e a s u r e d  w i t h  a c u p - t y p e  a n e m o m e t e r  t h a t  h a d  a 

m e c h a n i s m  t o  i n d i c a t e  o n e  of e i g h t  wind  d i r e c t i o n s .  

E a c h  wind  d i r e c t i o n ,  t h e r e f o r e ,  c o v e r s  a 4 5 - d e g  

s e g m e n t .  T h e  a n e m o m e t e r  w a s  l o c a t e d  o n  a r a d i o  

m a s t  o n  t o p  of B u i l d i n g  A ,  2 0 0  f t  a b o v e  roof l e v e l  o r  

a p p r o x i m a t e l y  8 0 0  f t  a b o v e  s t r e e t  l e v e l .  T h e  w i n d  

i n f o r m a t i o n  from t h i s  a n e m o m e t e r  w a s  t r a n s m i t t e d  by 

t e l e p h o n e  c o n n e c t i o n  a n d  r e c o r d e d  o n  t h e  p r e s s u r e  

r e c o r d i n g  s y s t e m  of B u i l d i n g  B ,  l o c a t e d  0 . 3  m i l e  

e a s t  of B u i l d i n g  A .  

T o  c o m p a r e  o n - s i t e  a n d  m e t e o r o l o g i c a l  s t a t i o n  

wind  v e l o c i t i e s ,  a n  a d d i t i o n a l  record  of wind  i n f o r m a -  

t ion  w a s  o b t a i n e d  o n  a n  o p e r a t i o n a l  r e c o r d e r .  T h e  

m e t e o r o l o g i c a l  s t a t i o n  is l o c a t e d  8.3 m i l e s  n o r t h w e s t  

of B u i l d i n g  A .  

P r P s s u r e  d i f f e r e n c e s  at e a c h  p r e s s u r e  t a p  locar  ion 

wind  s p e e d  a n d  d i r e c t i o n ,  a n d  o u t s i d e  a i r  t e m p e r a r u r e  

w e r e  r e c o r d e d  e v e r y  4 m i n s .  on a 1 6 - p o i n t  m i l l i v o l t  

r e c o r d e r .  Wind s p e e d  r e a d i n g s ,  w h i c h  a l w a y s  fo l lowed 

two p r e s s u r e  r e a d i n g s ,  w e r e  a n  a v e r a g e  s p e e d  o v e r  a 

4 5 - s e c  i n t e r v a l .  T h e  r e a d i n g s  w e r e  r e c o r d e d  o n  a 

s t r i p  c h a r t  fo r  v i s u a l  c h e c k i n g .  A d i g i t a l  e n c o d e r  a t -  

t a c h e d  t o  t h e  s l i d e r  a r m  s h a f t  of t h e  r e c o r d i n g  po- 

t e n t i o m e t e r  w a s  u s e d  to record  e a c h  r e a d i n g  o n  e i t h e r  

m a g n e t i c  t a p e  o r  p u n c h e d  p a p e r  t a p e  i n  3 d i g i t  

b inary  n u m b e r s .  T h e  p r e s s u r e  r e c o r d s  w e r e  p r o c e s s i ,  

a n d  a n a l y 7 e d  u s i n g  a n  IBM 3 6 0  d i g i t a l  computer .  

METHOD O F  ANALYSIS 

T h e  v a l u e s  of t h e  p r e s s u r e  d i f f e r e n c e s  a c r o s s  the  e x -  

t e r i o r  w a l l s  of a b u i l d i n g  a r e  t h e  n e t  r e s u l t  of t h e  

c o m b i n e d  a c t i o n  of v a r i o u s  f o r c e s .  I t  w a s  a s s u m e d  

i n  t h i s  a n a l y s i s  t h a t  t h e s e  p r e s s u r e  d i f f e r e n c e s  at 

a n y  l o c a t i o n  c o u l d  b e  a d e q u a t e l y  r e p r e s e n t e d  by t h e  

s u m  of t h e  p r e s s u r e  d i f f e r e n c e s  d u e  t o  t h e  i n d i v i d u a l  

f o r c e s  a t  t h a t  l o c a t i o n .  

A t  a n y  h e i g h t ,  t h e  a c t u a l  p r e s s u r e  d i f f e r e n c e  

a c r o s s  a n  e x t e r i o r  w a l l  c a u s e d  by c h i m n e y  e f f e c t 3  

a l o n e ,  e x p r e s s e d  as a func t ion  of t h e  i n s i d e  a n d  

o u t s i d e  a i r  t e m p e r a t u r e ,  i s  

w h e r e  

I Apc = p r e s s u r e  d i f f e r e n c e  a c r p s s  e x t e r i o r  w a l l  
c a u s e d  by c h i m n e y  a c t i o n  



T .- a b s o l u t e  t e m p e r a t u r e  o u t s i d e  

t  - a b s o l u t e  t e m p e r a t u r e  i n s i d e  

/3 = c o n s t a n t  ( e i t h e r  p o s i c i v e  o r  n e g a t i v e )  

T h e  p r e s s u r e  d i f f e r e n c e  a c r o s s  o n e  f a c e  of t h e  

e x t e r i o r  w a l l  c a u s e d  by wind  v e l o c i t y  a l o n e  c a n  b e  

e x p r e s s e d  a s  a  func t ion  of t h e  v e l o c i t y  h e a d .  

T h e  e q u a t i o n  for the  v e l o c i t y  h e a d  i s  

w h e r e  

Pv = v e l o c i t y  h e a d  

V - w i n d  v e l o c i t y  

p - a i r  d e n s i t y .  

T h e  a c t u a l  p r e s s u r e  d i f f e r e n c e  a c r o s s  o n e  f a c e  of 

t h e  e x t e r i o r  w a l l  c a u s e d  by w i n d  c a n  b e  e x p r e s s e d  a s  

A p v  = y P v  (2) 

w h e r e  

i l p ,  = p r e s s u r e  d i f f e r e n c e  a c r o s s  a n  e x t e r i o r  w a l l  

c a u s e d  by w i n d  

y = wind  p r e s s u r e  c o e f f i c i e n t  

a  p o s i t i v e  v a l u e  i n d i c a t e s  a  h i g h e r  p r e s s u r c  

o u t s i d e  than  i n s i d e  

a  n e g a t i v e  v a l u e  i n d i c a t e s  a  l o w e r  p r e s s u r e  

o u t s i d e  than  i n s i d e  

T h e  n e t  e f f e c t  of c h i m n e y  a n d  w i n d  a c t i o n  a n d  

t h e  v e n t i l a t i o n  s y s t e m  o p e r a t i o n  o n  t h e  e x t e r i o r  waIl 

p r e s s u r e  d i f f e r e n c e  is t h e n  e x p r e s s e d  by t h e  

fo l lowing:  

w h e r e  

A P  -= t h e  r e s u l t a n t  p r e s s u r e  d i f f e r e n c e  a c r o s s  o n e  

f a c e  of a n  e x t e r i o r  w a l l  

X = p r e s s u r e  d i f f e r e n c e  c a u s e d  by t h e  v e n t i l a -  

t ion  s y s t e m .  

If  t h e r e  is l i t t l e  c h a n g e  i n  t h e  o u t s i d e  tempera-  

t u r e  dur ing  t h e  p e r i o d  u n d e r  c o n s i d e r a t i o n ,  v a r i a t i o n s  

i n  A P  a r e  d u e  m a i n l y  to  t h e  v a r i a t i o n s  i n  w i n d  s p e e d .  

T h e  f i r s t  two  t e r m s  o n  t h e  r igh t  h a n d  s i d e  of E q  3 

a r e  then  c o m b i n e d  to  g i v e  t h e  fo l lowing  s i m p l e  

l i n e a r  r e l a t i o n s h i p :  

A P  = a + yP,  (4)  

E a c h  s e c t i o n  of t h e  r e c o r d  s e l e c t e d  for  a n a l y s i s  

c o v e r e d  a n  e x t e n d e d  p e r i o d  dur ing  which  t h e r e  w a s  

a c o n s t a n t  o u t s i d e  a i r  t e m p e r a t u r e  (wi th in  1 0  d e g s  F) 

a n d  c o n s t a n t  w i n d  d i r e c t i o n .  T h e  m o d e  of  o p e r a t i o n  

of the v e n t i l a t i o n  s y s t e m  a l s o  remained  c o n s t a n t .  

T h e  r a n g e  of  w i n d  v e l o c i t y  i n  e a c h  of the  s e l e c t e d  

p r e s s u r e  r e c o r d s  w a s  u s u a l l y  n o t  g r e a t e r  than  10 to 

15 mph. In o r d e r  to c o m p u t e  w i n d  p r e s s u r e  c o e f -  

f i c i e n t s  t h a t  w o u l d  b e  a p p l i c a b l e  o v e r  a  w i d e r  r a n g e ,  

two s e c t i o n s  of r e c o r d  wi th  t h e  s a m e  w i n d  d i r e c t i o n  

but  wi th  d i f f e r e n t  a b s o I u t e  w i n d  s p e e d s  w e r e  com- 

b ined  for p u r p o s e s  of a n a l y s i s .  T h e  a v a l u e s  w e r e  

u s u a l l y  n o t  t h e  s a m e ,  s i n c e  t h e  o u t s i d e  t e m p e r a t u r e s  

for  t h e  two s e c t i o n s  of r e c o r d s  w e r e  in  m o s t  in -  

s t a n c e s  d i f f e r e n t .  A dummy v a r i a b l e 4 .  Z, w a s  there -  

fo re  a d d e d  to E q  5  to  a c c o u n t  for t h e  two v a l u e s  o t  

a a s  fo l lows:  

A P  = a + a l Z l  + yP, (5)  

w h e r e  

Z  = 0  w h e n  t h e  p r e s s u r e  r e a d i n g  is from 

t h e  f i r s t  s e l e c t e d  record  

Z  = 1 w h e n  t h e  p r e s s u r e  r e a d i n g  is from 

t h e  s e c o n d  s e l e c t e d  record  

a = c o n s t a n t  for t h e  f i r s t  s e l e c t e d  record  

a + a 1 = c o n s t a n t  for  t h e  s e c o n d  s e l e c t e d  record .  

T h e  u s e  of E q  5  for t h e  d e t e r m i n a t i o n  of t h e  y  

v a l u e s  f o r  the  four  w a l l s  a t  a n y  s p e c i f i c  l e v e l  w o u l d  

a l s o  y i e l d  4 v a l u e s  of bo'th a a n d  a + a 1 w h i c h  

s h o u l d  be  t h e  s a m e  for  e a c h  l e v e l .  B y  e x t e n d i n g  t h e  

u s e  of dummy var i . ab les ,  t h e  method  of a n a l y s i s  c a n  

be  fur ther  m o d i f i e d  s o  a s  to y i e l d  s i n g l e  v a l u e s  of 

a a n d  a + a 1 fo r  e a c h  l e v e l  for  t h e  two s e c t i o n s  of 

record  i n  c o m b i n a t i o n .  T h i s  t e c h n i q u e  l e a d s  to  a  

b e t t e r  d e t e r m i n a t i o n  of t h e  v a l u e s  of a a n d  a + a1 

a n d  s h o u l d  t h e r e f o r e  p r o v i d e  b e t t e r  v a l u e s  of w i n d  

p r e s s u r e  c o e f f i c i e n t s ,  y .  

T h e  e q u a t i o n  i n c o r p o r a t i n g  t h e  dummy v a r i a b l e s  

is a s  fo l lows:  

w h e r e  

Z .  = 0  if p r e s s u r e  r e a d i n g  is n o t  a s s o c i a t e d  wi th  

t h e  i - th  w a l l  

Z i  = 1 if p r e s s u r e  r e a d i n g  is a s s o c i a t e d  with t h e  

i - th  w a l l  

a n d  
i = 2, 3, 4 



wind di rec t ion  i s  then 

T h e  wind p r e s s u r e  coe f f i c i en t s  were  obta ined by 

ana lyz ing  e a c h  s e t  of s e l e c t e d  records  to obta in  the  

b e s t  f i t  with E q  6 .  In th i s  a n a l y s i s  the  va lues  of P., 

were  b a s e d  on  the  ve loci ty  head  of on - s i t e  wind 

obta ined from the  anemometer on the radio mas t  

above Building A. 

In order  to r e l a t e  the wind p res su re  coe f f i c i en t s  

to the wind veloci ty  a t  the  meteorological  s t a t i o n ,  

the on - s i t e  wind records  were  corre la ted  with the 

meteorological  wind records.  T h e  l a t t e r  were  usua l ly  

ava i l ab le  a s  hourly ave rage  wind s p e e d s .  T h e  rat io 

of on-s i te  hourly ave rage  wind veloci ty  and  the 

meteorological  wind veloci ty  w a s  determined for 

e a c h  wind d i rec t ion .  

T h e  wind p res su re  coeff ic ient  re la ted  to the 

meteorological  wind veloci ty  i s  then given by 

yrn = R v 2 y 1  (7) 

where  

R v  = ra t io  of on - s i t e  wind veloci ty  to meteor- 

o log ica l  wind veloci ty  

yrn = p r e s s u r e  coe f f i c i en t  b a s e d  on meteorolog- 

i c a l  wind veloci ty  

y1 = p r e s s u r e  coeff ic ient  b a s e d  on on - s i t e  wind 

veloci ty .  

RESULTS AND DISCUSSION 

F ig .  5 i s  an example  of the  wind and p res su re  

records  obta ined o n - s i t e  and  their  corre la t ion  with 

E q  6 .  R e s u l t s  in  F ig .  5 a re  for the  w e s t  wal l  of 

Building A a t  the 545-ft l e v e l  with wind from the  

w e s t  d i rec t ion .  T h e s e  p r e s s u r e s  ob ta ined  from two 

s e l e c t e d  p r e s s u r e  r eco rds  with ou t s ide  a i r  tempera- 

tures  o f  42  F a n d  10 F a r e  plotted a g a i n s t  on - s i t e  

wind s p e e d .  T h e  two cu rves  were determined from 

the r e s u l t s  o f  the  regress ion  a n a l y s i s .  

T h e  p r e s s u r e  d i f f e r e n c e s  c a u s e d  by chimney 

ac t ion  and the  vent i la t ion  sys t em operation ( the  

a va lues )  a r e  the  p r e s s u r e  d i f f e rences  corresponding 

to zero  wind veloci ty .  T h e  p res su re  d i f ferences  a r e  

-0 .40  and  -0 .74  in.  of wa te r  for ou t s ide  tempera tures  

P r e s s u r e  c o e f f i c i e n t  = 0. 6 1  
- C o r r e l a t i o n  i n d e x  = 0.79 

N o t e :  ' o O a 0  

W e s t  w a l l  a t  545 f t  l e v e l  y o z o o  o 
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Fig. 5 Pressure dillerences across windward wall o /  

Building A 

of 42 and  10 F r e spec t ive ly .  With i n c r e a s e  in  wind 

veloci ty  there i s  a corresponding i n c r e a s e  i n  the  

p re s su re  d i f ferences  a c r o s s  the  windward wal l .  F o r  

the who le  range  of on - s i t e  wind s p e e d s  shown on the  

graph,  however ,  t he  p r e s s u r e  d i f ferences  a r e  nega- 

t ive ,  with a i r  exf i l i t ra t ion  a c r o s s  the  windward wa l l  

a t  the  545-ft l e v e l ,  i nd ica t ing  tha t  the  p r e s s u r e  

d i f ference  c a u s e d  by chimney ac t ion  cons t i t u t ed  a 

s ign i f i can t  portion of the  to ta l .  

An a n a l y s i s  s imi lar  to tha t  represented  by F ig .  5 

w a s  car r ied  ou t  for e a c h  exter ior  wal l  p r e s s u r e  tap 

locat ion  and  in  the p r o c e s s  the  wind p r e s s u r e  coef- 

f i c i en t s  based  on on - s i t e  wind were de termined.  F o r  

e a c h  wind d i rec t ion  the corre la t ion  index  a n d  the  

s t anda rd  error of e s t ima te ,  b a s e d  on on-s i te  wind 

veloci ty ,  were  computed for e a c h  measur ing  l eve l .  

T h e  corre la t ion  index i n d i c a t e s  the proportion of 

the  va r i ance  in  the  v a l u e s  of t h e  ex te r io r  wa l l  pres-  

s u r e  d i f ferences  exp la ined  by the  concomitant  

variat ion in  the  wind veloci ty .  A va lue  of unity for 

the corre la t ion  index i n d i c a t e s  a perfec t  corre la t ion ,  

whereas  a v a l u e  of ze ro  would ind ica t e  no corre la t ion .  

T h e  degree  of corre la t ion  depends  on  the  (1) varia-  

tion i n  the wind pat tern  on a building c a u s e d  by 

l o c a l  obs t ruc t ions ,  (2) s i z e  of wind gus t ,  (3) varia-  

tion in wind d i rec t ion  ( a  g iven wind d i rec t ion  c o v e r s  

a 45-deg segmen t ) ,  (4) var ia t ion  in p r e s s u r e  c a u s e d  

by projec t ions  on the  exter ior  wal l ,  (5) var ia t ion  i n  

i n s i d e  p r e s s u r e  c a u s e d  by e l eva to r s  and  door s  and  

the opera t ion  of t he  vent i la t ion  s y s t e m ,  and  (6) the 

accu racy  of the  wind and  p res su re  measur ing  equip- 



ment. F o r  Bui ld ing A the  corre la t ion  index var ied  

from 0 . 6 5  to 0 .90  a t  the  upper l eve l  and  0 . 3 3  to 0 .87  

a t  the intermedkate l eve l ;  for Bui ld ing B i t  var ied  

from 0 . 4 3  to  0 .82  a t  t he  upper l e v e l ,  from 0 . 1 1  to 

0 . 6 1  a t  the  in termedia te  l e v e l  and  from 0 . 0 3  to 0 . 6 5  

a t  the ground l eve l .  T h e  d e g r e e  of corre la t ion  

between concomitant  v a l u e s  of on - s i t e  wind a n d  wal l  

p r e s s u r e  d i f f e rences  w a s  t h u s  be t ter  for  h igher  

l e v e l s  than for l ower  ones ;  a n d  w a s  be t t e r  for 

Building A than Bui ld ing B. A s  would b e  expec ted ,  

t he  be t t e r  co r re l a t ions  were  obta ined for p r e s s u r e  

tap  loca t ions  c l o s e s t  t o  t he  point  of wind veloci ty  

measurement  and  where  there  w a s  the  l e a s t  

sh ie ld ing.  

T h e  s t anda rd  er ror  of e s t i m a t e  i n d i c a t e s  t he  

degree  of ag reemen t  be tween t h e  obse rved  p r e s s u r e  

d i f ferences  and  those  e s t ima ted  from Eq 6 .  With 

reference  to  F i g .  5,  i t  i s  a measure  of t he  s c a t t e r  

of t he  d a t a  po in t s  around the  r eg res s ion  curves .  

F o r  Bui ld ing A, v a l u e s  va r i ed  from 0.038 to 0 .077 

in .  of wa te r  a t  t he  upper l e v e l ,  and from 0.013 to 

0.079 in .  of wa te r  a t  t he  in termedia te  l eve l .  F o r  

Building B ,  v a l u e s  var ied  from 0 .023  to 0.097 in .  of 

water  a t  the  upper  l e v e l ,  from 0.017 to 0 .064  in.  of 

water  a t  t he  in termedia te  l e v e l ,  and from 0 .013  to 

0 .048  in .  of wa te r  a t  the  lower  l e v e l .  

T h e  method of a n a l y s i s ,  u t i l i z ing  Eq 6 ,  s e p a r a t e s  

the p r e s s u r e  d i f ference  due  to wind ac t ion  from that  

due to chimney ac t ion  and the  ven t i l a t ion  sys t em 

operation.  T h e s e  p re s su re  d i f ference  e f f e c t s  can  

a l s o  be  i s o l a t e d  by examining the  r eco rds  obta ined 

during ca lm per iods .  T h i s  h a s b e e n  done  for 

Bui ld ing B in  F i g .  6 ,  whicb. s h o w s  t h e  p re s su re  

d i f f e rences  a t  t he  410 and 135-ft l e v e l s  p lo t ted  

a g a i n s t  o u t s i d e  a i r  temperature.  At t he  410-ft l e v e l  

t he  nega t ive  p r e s s u r e  d i f ference  a c r o s s  the  exter ior  

wa l l  i n c r e a s e s  with d e c r e a s i n g  o u t s i d e  a i r  tempera- 

ture. B e c a u s e  t h e  135-ft l e v e l  i s  c l o s e  to  the  

neut ra l  z o n e  l e v e l  of the  building the  c h a n g e  in the  

p re s su re  d i f ference  with o u t s i d e  a i r  temperature i s  

smal l .  
F ig .  6 a l s o  s h o w s  the  e f f ec t  of t he  office-hour 

and after-hour opera t ion  of t he  vent i la t ion  s y s t e m .  

After  of f ice  hour s ,  s e v e r a l  vent i la t ion  f a n s  were  

s h u t  down, a l t e r ing  the  b a l a n c e  of o u t s i d e  supp ly  

a n d  e x h a u s t  a i r .  Comparison of t he  measured  wa l l  

p re s su re  d i f f e rences  with the  l i n e  showing  p r e s s u r e  

d i f f e rences  c a u s e d  by chimney ac t ion  a l o n e 2  in- 
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Fig. 6 Exterior wall pressure di / /erences /or Building 

B during calm periods 

d i c a t e s  tha t  s u p p l y  and  e x h a u s t  a i r  were  e s s e n t i a l l y  

ba l anced  under  the  after-hour cond i t ions .  When the  

vent i la t ion  s y s t e m  w a s  ope ra t ing  fully there  w a s  a n  

imbalance  of supp ly  ove r  e x h a u s t ,  c a u s i n g  a p re s su r -  

i za t ion  of approximate ly  0 . 2  to 0 . 3  in .  of wa te r  a t  

both l e v e l s .  

T h e  p r e s s u r e  d i f f e rences  due  to the  combined 

e f f e c t s  of chimney ac t ion  and the  vent i la t ion  s y s t e m  

obta ined from E q  6 a r e  a l s o  p lo t ted  in  F i g .  6. T h e  

c a l c u l a t e d  v a l u e s  ag ree  r easonab ly  wel l  with the  

v a l u e s  measu red  d i rec t ly ,  i nd ica t ing  t h e  va l id i ty  of 

Eq 6. It would appea r ,  therefore ,  tha t  the  p r e s s u r e  

d i f ference  a c r o s s  the  ex te r io r  wa l l  due  to the com- 

bined fo rces  c a n  b e  adequa te ly  approximated by 

summing the  p r e s s u r e  d i f f e rences  d u e  to the  indi-  

vidual  fo rces .  

Wind p r e s s u r e  coe f f i c i en t s  computed from Eq 6 ,  

referenced to o n - s i t e  wind measu remen t s ,  a r e  given 

in  T a b l e s  I and I1 for both bu i ld ings .  F o r  a g iven 

wind d i rec t ion  e a c h  p r e s s u r e  coe f f i c i en t  i s  b a s e d  on 

an  ave rage  of 130 r ead ings  for Bui ld ing A and 180 

r ead ings  for Bui ld ing B. T h e  c o e f f i c i e n t s  apply to 

cond i t ions  a t  t he  mid-point of €he  w a l l s  where  the  

p r e s s u r e  t a p s  w e r e  loca ted .  
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T A B L E  111 

SUMMATIONS O F  PRESSURE COEFFICIENTS F O R  

WINDWARD AND LEEWARD WALLS O F  BUILDINGS A AND B 

In genera l ,  the p res su re  coeff ic ients  are  pos i t ive  

on windward s i d e s  and negat ive  on leeward s i d e s .  

T h e  va lues  of the  coeff ic ients  a re  af fec ted  by 

e levat ion (generally being higher a t  upper l eve l s )  

and vary a l s o  with wind direction.  T h e s e  e f fec t s  

re la te  to var ia t ions  with direction of the vert ical  

profile or  gradient  of the  wind and to the sh ie ld ing  

e f fec t  of ad jacen t  buildings. In wind tunnel s t u d i e s 5  

a s ign i f i can t  reduction o f  wind p ressu re  on a model 

of a 100-ft high building w a s  noted when a shie ld ing 

building of equa l  height  w a s  a s  far away a s  15  t imes 

the  building width. 

Dif ferences  in wind e f fec t  can bes t  be s e e n  by 

summing the p res su re  coeff ic ients  on windward and 

leeward s i d e s ,  a s  shown in T a b l e  111. T h e s e  co- 

ef f ic ients  a re  indicat ive  of the to ta l  p res su re  

difference ac t ing  a c r o s s  the  building. I t  will be 

noted that  there  i s  some  di rec t ional  ef fec t  on the  

pressure  coe f f i c i en t s  for the upper l eve l  of Building 

A. Va lues  for winds  from the  e a s t  a r e  lowes t ,  d u e  to 

the  sh ie ld ing  e f fec t  of high buildings in that  

direction ( s e e  F i g .  4). There  i s  no di rec t  sh ie ld ing 

from the  o ther  d i rec t ions  and di f ferences  are  re la ted  

to variat ions in the  wind prof i le .  T h e  high values  for 

north winds  a r e  probably a s s o c i a t e d  in s o m e  way 

with the smal l  mountain to the north. At the  inter- 

mediate level  of Building A,  e a s t  and sou th  wa l l s  

a r e  sh ie lded  whi le  the  north and sou th  a r e  relat ively 

exposed.  

T h e  coeff ic ients  for Building B are  generally 

lower than those  for Building A a t  the upper l eve l ,  

BUILDING A 

WIND DIRECTION 

mainly because  of B ' s  lower  height.  T h e  value  in 

T a b l e  I11 for the north direction is grea tes t  ( a s  i t  i s  

in Building A); whereas  tha t  for the  w e s t  i s  sma l l e s t  

because  of high buildings to  the  wes t  and  north- 

wes t .  At the  in termedia te  l eve l  there i s  some  

sh ie ld ing  in a l l  d i rec t ions ,  the ef fec t  being g rea te s t  

for  e a s t  and w e s t  winds.  At the s t r e e t  l eve l ,  the  

pressure  d i f ferences  a re  unpredictable;  s igni f icant  

p res su re  d i f ferences  occur  with winds from the  north 

and a l s o  from the  sou thwes t  ( s e e  Tab le  11), whereas  

values  are  sma l l e r  for the  o ther  d i rec t ions .  

I t  will be noted,  us ing  va lues  from T a b l e s  I  and 

11, that  the rat io of p res su re  coeff ic ients  for wind- 

ward s i d e s  to corresponding o n e s  for the  leeward 

s i d e s  i s  quite var iable  with e levat ion and direction.  

T h i s  impl ies  d i f ferences  in the rat io of infi l trat ion 

and exfi l trat ion.  F o r  example ,  if i t  i s  a s sumed  that  

the  ef fec t ive  a r e a  of l e a k a g e  openings in the exter ior  

wall  is uniformly dis t r ibuted a t  the perimeter of 

Building A, a s imple  ca lcula t ion ut i l iz ing the wind 

p ressu re  coeff ic ients  ind ica te s  an approximate 

balance  of infi l trat ion and exfi l trat ion a t  the  545-ft 

l eve l  with wind from the north or  west .  A s imi lar  

ca lcula t ion for the  in termedia te  l eve l  ind ica te s  

greater  exfi l trat ion than infi l trat ion.  T h i s  s u g g e s t s  

tha t  there may be  a ver t ica l  flow of a i r  within the  

building induced by wind action; o r  tha t  the s i n g l e  

pressure  tap in  e a c h  wall  d o e s  not  provide a good 

indication o f  the  ave rage  p res su re  difference.  T h e r e  

i s  a l s o  the  poss ib i l i t y  tha t  th is  apparent  e f f ec t  i s  

due to  l imi ta t ions  in the method of ana lys i s ;  for 

545 F T  L E V E L  195 F T  LEVEL 

North 1.40 0.92 

East  0.63 0.19 

South 0.7 1 0.30 

West 0.82 0.59 

BUILDING B 

WIND DIRECTION 

North 0.92 0.41 0.37 

East 0.46 0.06 0.12 

South 0.42 0.24 - 
West 0.23 0.06 0 

410 FT L E V E L  135 F T  L E V E L  6 F T  LEVEL 



e x a m p l e ,  t h e  a s s u m p t i o n  t h a t  t h e  p r e s s u r e  

d i f f e r e n c e s  d u e  to  t h e  v e n t i l a t i o n  s y s t e m  a r e  c o n -  

s t a n t  f o r  a  p a r t i c u l a r  m o d e  of o p e r a t i o n  may n o t  b e  

e n t i r e l y  v a l i d .  

O N - S I T E  VS M E T E O R O L O G I C A L  

WIND V E L O C I T Y  

T h e  w i n d  p r e s s u r e  c o e f f i c i e n t s  i n  T a b l e s  I  a n d  I1 

a r e  r e f e r e n c e d  t o  t h e  w i n d  v e l o c i t y  m e a s u r e d  o n  s i t e .  

T h e  w i n d  d a t a  g e n e r a l l y  a v a i l a b l e ,  h o w e v e r ,  is t h a t  

o b t a i n e d  a t  t h e  l o c a l  m e t e o r o l o g i c a l  s t a t i o n .  

T h e  r a t i o s  of  t h e  w i n d  v e l o c i t y  at t h e  s i t e  (800  f t  

a b o v e  s t r e e t  l e v e l  o n  t o p  o f  B u i l d i n g  A) a n d  a t  t h e  

m e t e o r o l o g i c a l  s t a t i o n  ( 3 3  f t  a b o v e  ground)  w e r e  cal- 

c u l a t e d  for  e a c h  w i n d  d i r e c t i o n  from t h e  hour ly  a v e r -  

a g e  v a l u e s .  A s  a n  e x a m p l e ,  a p l o t  of t h e  r e c o r d s  fo r  

w i n d  from t h e  w e s t  d i r e c t i o n  is s h o w n  i n  F i g .  7. 

T h e  c a l c u l a t e d  r a t i o  fo r  t h i s  d i r e c t i o n  is 1 .60 .  

F i g .  8 s h o w s  t h e  v a r i a t i o n  of  t h e  r a t i o  of  o n - s i t e  

to m e t e o r o l o g i c a l  w i n d  s p e e d  ( R v )  w i t h  w i n d  d i r e c -  

t ion.  Wind v e l o c i t i e s  v a r i e d  from 0 t o  3 0  mph a t  t h e  

m e t e o r o l o g i c a l  s t a t i o n  i n  t h e  r e c o r d s  s e l e c t e d  for  

a n a l y s i s .  T h e  o n - s i t e  anemom'eter  w a s  l o c a t e d  w e l l  

0  1 0  2 0  3 0  4 0  

M E T E O R O L O G I C A L  W I N O  V E L O C I T Y ,  MPH 

Fig. 7 Comparison of on-si te  and meteorological wind 

velocity 

with  d i r e c t i o n  is t h e r e f o r e  c a u s e d  by d i f f e r e n c e s  i n  

t h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  t h e  s u r r o u n d i n g s  a t  

t h e  two l o c a t i o n s .  R e l a t i v e l y  h i g h  v a l u e s  of  R v  w e r e  

o b t a i n e d  for  t h e  w e s t ,  s o u t h w e s t  a n d  n o r t h e a s t  

d i r e c t i o n .  T h e  l o w e r  v a l u e s  o f  R v  for  t h e  north a n d  

n o r t h w e s t  d i r e c t i o n s  a r e  c a u s e d  by t h e  l o w  mounta in  

to  t h e  nor th  of B u i l d i n g  A ( s e e  F i g .  1) .  T h e  l o w e r  

v a l u e s  o f  R v  f o r  t h e  e a s t  a n d  s o u t h e a s t  d i r e c t i o n s  

c a n  p o s s i b l y  b e  a t t r i b u t e d  to  t h e  e f f e c t  of t h e  

c l u s t e r  of t a l l  b u i l d i n g s  l o c a t e d  e a s t  of B u i l d i n g  A. 

T h e  l o w  v a l u e  o f  R v  for  t h e  s o u t h  d i r e c t i o n  may b e  

d u e  t o  s o m e  s h i e l d i n g  o f  t h e  a n e m o m e t e r  by t h e  10-in.  

d i a m e t e r  r a d i o  m a s t .  T h e  a n e m o m e t e r  w a s  l o c a t e d  o n  

a 5-f t  arm a t t a c h e d  t o  t h e  north s i d e  o f  t h e  m a s t .  

T h e  w i n d  v e l o c i t y  p r o f i l e  i n  t h e  v e r t i c a l  d i r e c t i o n  

c a n  b e  a p p r o x i m a t e d  by t h e  f o l l o w i n g  e q u a t i o n  5 :  

w h e r e  

V = m e a n  w i n d  s p e e d  a t  h e i g h t  h  a b o v e  ground 

V ,  = m e a n  w i n d  s p e e d  at t h e  r e f e r e n c e  h e i g h t  h r  

a b o v e  g r o u n d  

k = e x p o n e n t .  

T h e  v a l u e  o f  t h e  e x p o n e n t  c a n  b e  t a k e n  as 1/7 

fo r  f l a t  o p e n  c o u n t r y 1 .  T h e  r a t i o  of  m e a n  w i n d  

v e l o c i t y  a t  8 0 0  f t  a n d  t h a t  a t  33 f t ,  f o r  a n  e x p o n e n t  

of 1/7 is a l s o  s h o w n  i n  F i g .  8. If t h e  e x p o n e n t  of  

1/7 a p p l i e s  t o  t h e  t e r r a i n  a t  t h e  m e t e o r o l o g i c a l  

s t a t i o n ,  t h e  m e a n  w i n d  v e l o c i t i e s  8 0 0  f t  a b o v e  

ground  at t h e  two l o c a t i o n s  a r e  a p p r o x i m a t e l y  t h e  

s a m e  w i t h  w i n d  from t h e  n o r t h e a s t ,  w e s t  a n d  s o u t h -  

w e s t  d i r e c t i o n s .  

Wind p r e s s u r e  c o e f f i c i e n t s  i n  T a b l e s  I  a n d  I1 c a n  

b e  c o m p u t e d  i n  t e r m s  o f  m e t e o r o l o g i c a l  w i n d  r e c o r d s  

u s i n g  E q  7 a n d  t h e  in format ion  i n  F i g .  8. T h i s  w i l l  

o b v i o u s l y  a l t e r  t h e  r e l a t i v e  v a l u e  of  t h e  c o e f f i c i e n t s  

b e c a u s e  of v a r i a t i o n s  i n  t h e  r a t i o  of o n - s i t e  t o  

m e t e o r o l o g i c a l  w i n d  s p e e d .  

SUMMARY 

C o e f f i c i e n t s  d e s c r i b i n g  t h e  p r e s s u r e  d i f f e r e n c e s  d u e  

to  wind  a c t i o n  h a v e  b e e n  o b t a i n e d  for  s e l e c t e d  

p o i n t s  a c r o s s  t h e  w a l l s  of  two t a l l  b u i l d i n g s  i n  t h e  

c e n t e r  o f  a l a r g e  c i t y .  T h e  c o e f f i c i e n t s  w e r e  q u i t e  
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/ L ~ a l c u l a t e d  r a t i o  o f  w i n d  
v e l o c i t y  8 0 0  f t  a b o v e  f l a t  
o p e n  t e r r a i n  t o  m e t .  
w i n d  v e l o c i t y  11. 6 0 )  

N o t e :  
O n - s i t e  w i n d  - 8 0 0  f t  a b o v e  s t r e e t  l e v e l  
M e t e o r o l o g i c a l  w i n d  - 33 f t  a b o v e  g r o u n d  

l e v e l  a t  a i r ~ o r t  

Fig. 8 Ratio o /  on-s i te  wind velocity to meteorolog- 

ical velocity 

var iable  wi th  l o c a t i o n ,  b e c a u s e  of va r i a t i ons  with 

d i rec t ion  of t he  ve r t i ca l  wind ve loc i ty  g rad i en t  and  

t h e  sh i e ld ing  e f f e c t  of a d j a c e n t  bui ld ings .  

T h e  p r e s s u r e  c o e f f i c i e n t s  were  b a s e d  o n  wind 

s p e e d s  measu red  at the  s i t e .  T h e s e  v e l o c i t i e s  in  

turn were  r e l a t ed  to t he  wind v e l o c i t i e s  measu red  a t  

t he  me teo ro log ica l  s t a t i on  8 m i l e s  away .  T h i s  re- 

l a t i onsh ip  is va r i ab l e  wi th  d i rec t ion  a n d  depends  

upon the  gene ra l  c h a r a c t e r i s t i c s  of t he  te r ra in ,  

inc luding  bu i ld ings ,  a t  t he  two l o c a t i o n s .  

T h e  r e s u l t s  e m p h a s i z e  t he  diff iculty of pre- 

d ic t ing  the  s p e c i f i c  v a l u e s  of p r e s s u r e  d i f f e r ences  

d u e  to  wind to  be  e x p e c t e d  wi th  a pa r t i cu l a r  building;  

and  the  d i f f icu l ty ,  therefore,  of making a c c u r a t e  pre-  

d i c t i ons  of cor responding a i r  inf i l t ra t ion  and  exf i l t ra -  

tion. 

In t he  a n a l y s i s  of t he  p r e s s u r e  r eco rds ,  p r e s s u r e  

d i f f e r ences  due  to wind ac t ion  were  i s o l a t e d  from 

those  c a u s e d  by the  combined e f f ec t  of ch imney 

ac t ion  and  the  e f f ec t  of t he  mechan ica l  vent i la t ion  

s y s t e m  opera t ion .  T h e s e  l a t t e r  v a l u e s  agreed  reason-  

ab ly  wel l  wi th  the  v a l u e s  of p r e s s u r e  d i f f e r ences  

measured  during ca lm per iods .  T h i s  s u g g e s t s  t ha t  

the r e su l t an t  p r e s s u r e  d i f ference  a c r o s s  the  exter ior  

wa l l  c a n  be approximated  by the  summing of t h e  

p re s su re  d i f f e r ences  c a u s e d  by the var ious  fo rces .  

During p e r i o d s  o f  modera te  wind ve loc i ty  and  low 

o u t s i d e  tempera ture ,  t he  p r e s s u r e  d i f f e r ences  c a u s e d  

by chimney ac t ion  c o n s t i t u t e  a s ign i f i can t  par t  of 

t h e  r e su l t an t  p r e s s u r e  d i f f e r ences  a c r o s s  the  upper  

and  lower  l e v e l s  of a t a l l  building. 
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DISCUSSION 

R I C H A R D  E. B A R R E T T  ( C o l u m b u s ,  Ohio):  I t  would  

be  i n t e r e s t i n g  if t h e  a u t h o r s  c o u l d  bu i ld  a  s c a l e  

model  of t h i s  a n d  s u r r o u n d i n g  b u i l d i n g s  a n d  c o n d u c t  

a  s t u d y  of  wind  p r e s s u r e s  a s  m e a s u r e d  i n  a  wind 

tunne l .  Al though  wind  t u n n e l  s t u d i e s  a r e  b e c o m i n g  

more common f o r  l a r g e  b u i l d i n g s ,  t h e r e  h a s  b e e n  

l i t t l e  e f for t  to c o r r e l a t e  wind  t u n n e l  d a t a  t o  a c t u a l  

m e a s u r e m e n t s  o n  l a r g e  b u i l d i n g s  b e c a u s e  m e a s u r e -  

m e n t s  a r e  n o t  g e n e r a l l y  m a d e  a f t e r  t h e  b u i l d i n g  i s  

c o n s t r u c t e d .  M e a s u r e m e n t s  o n  b u i l d i n g s  a r e  diff i -  

c u l t  e n o u g h  t o  o b t a i n  a n d  fur ther  p r o b l e m s  a r e  e n -  

c o u n t e r e d  i n  i d e n t i f y i n g  t h e  p r e s s u r e  c o m p o n e n t s  

s o l e l y  a s s o c i a t e d  w i t h  wind .  

T h e  a u t h o r s  of t h i s  p a p e r  h a v e  a l r e a d y  accom-  

p l i s h e d  t h e  d i f f i c u l t  t a s k  of  making  p r e s s u r e  m e a s -  

u r e m e n t s  o n  t h e  b u i l d i n g s  a n d  f a c t o r i n g  o u t  t h e  

wind  p r e s s u r e s .  I t  s e e m s  t h a t ,  if t h e s e  r e s u l t s  a r e  

to b e  of  maximum u s e f u l n e s s  i n  t h e  e n g i n e e r i n g  of  

future b u i l d i n g s ,  a  c o r r e s p o n d i n g  wind  t u n n e l  s t u d y  

is d e s i r a b l e .  

G. T. TAMURA: Wind p r e s s u r e  p a t t e r n s  for  t h e  two 

t e s t  b u i l d i n g s  repor ted  i n  t h i s  p a p e r  a r e  i n  g e n e r a l  

a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  i n  many p u b l i c a t i o n s  

d e a l i n g  wi th  m o d e l  s t u d i e s  i n  w i n d  t u n n e l s .  A com- 

p a r i s o n  of t h e  v a l u e s  of  wind  p r e s s u r e  c o e f f i c i e n t s ,  

h o w e v e r ,  is d i f f i c u l t  b e c a u s e  of  t h e  v a r i a t i o n  i n  

the wind  v e l o c i t y  p r o f i l e ,  l o c a t i o n  of r e f e r e n c e  

p r e s s u r e ,  b u i l d i n g  h e i g h t  a n d  s h a p e  a n d  t h e  t y p e  of  

wind t u n n e l  u s e d  i n  t h e  v a r i o u s  s t u d i e s .  

A p a p e r  e n t i t l e d  "Wind P r e s s u r e  M e a s u r e m e n t s  

on a  F u l l - S c a l e  H i g h - R i s e  O f f i c e  Bui ld ing"  by 

W. A. D a l g l e i s h  e t  a1 ( I n t e r n a t i o n a l  R e s e a r c h  

S e m i n a r  on Wind E f f e c t s  o n  B u i l d i n g s  a n d  S t ruc-  

t u r e s  h e l d  a t  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l ,  

O t t a w a ,  S e p t e m b e r ,  1967) d e s c r i b e s  t h e  r e s u l t s  

o f  p r e s s u r e  m e a s u r e m e n t s  o n  B u i l d i n g  B of  t h i s  

p a p e r .  B e c a u s e  of  t h e i r  i n t e r e s t  i n  w i n d  p r e s s u r e  

from t h e  s t r u c t u r a l  l o a d  a s p e c t  of a  b u i l d i n g ,  t h e  

number  a n d  l o c a t i o n  of  p r e s s u r e  t a p s ,  method  of 

r e c o r d i n g  a n d  a n a l y s i s  of  w i n d  p r e s s u r e  r e c o r d s  

w e r e  d i f f e r e n t  from t h e  o n e s  d e s c r i b e d  i n  t h i s  pa- 

p e r .  Where t h e  p r e s s u r e  t a p s  w e r e  l o c a t e d  i n  t h e  

s a m e  reg ion  of t h e  e x t e r i o r  w a l l ,  t h e  c o m p a r i s o n  

of t h e  two v a l u e s  of  w i n d  p r e s s u r e  c o e f f i c i e n t s  in-  

d i c a t e d  r e a s o n a b l e  a g r e e m e n t .  

T h e  p a p e r  by A. D a l g l e i s h  e t  a1 a l s o  d e s c r i b e s  

t h e  r e s u l t s  of  m o d e l  s t u d i e s  of t h e  s a m e  bu i ld ing  

I i n  a  boundary  l a y e r  t y p e  w i n d  t u n n e l  i n  w h i c h  the  

s u r r o u n d i n g  t e r r a i n  i n c l u d i n g  b u i l d i n g s  a s  w e l l  a s  

t h e  t e s t  b u i l d i n g  w e r e  m o d e l e d .  T h e  r e s u l t s  of  t h e  

wind  t u n n e l  m e a s u r e m e n t s  i n d i c a t e d  g o o d  cor re la -  

t ion  wi th  t h o s e  of  t h e  f i e l d  m e a s u r e m e n t s .  F o r  fur- 

t h e r  s t u d i e s  o n  wind  e f f e c t  r e l a t e d  to a i r  l e a k a g e  

of b u i l d i n g s ?  w e  a r e  a l s o  e x p l o r i n g  t h e  p o s s i b i l i -  

t i e s  of model  t e s t s  i n  a  b o u n d a r y  l a y e r  t y p e  wind  

tunne l .  


