


To obtain.accurate estimates of wind induced 

natural ventilation of buildings the pressure 

distribution over the building is required. Such 

information is sometimes available for isolated 

buildings but is very rarely available for groups of 

buildings, I 

A review of available information is given 

together with the results of measurement made on a 

cbdoid when surrounded by buildings of the same shape. 

The results which are presented statistically indicate 

that the pressure distribution on a building can be 

fairly accurately determined provided the density of 

the built form and the roughness fetch is known. 



1. Introduction 

One of the major difficulties [ l ]  encountered 

in estimating ventilation and infiltration rates in 

buildings is the availability of wind pressure 

distributions on the buildings. The present work 
" 

was undertaken in an attempt to provide such data, 

without the designer having recourse to wind tunnel 

studies. 

There are two main limitations of the existing . . 

. .. 
pressure distribution information: 

i) it is for a limited number of building shapes, 

and 

ii) the pressure distributions are almost . 
1 

invariably 'for i so.lat ed buildings; a situation 

that is rarely encountered, 

A brief mention @f work  don^ on predicting 

pressures on bluff bodies of any shape will be made 

but the main emphasis in this paper will be on a 

statistical approach to the prediction of pressures 

on a bluff body in a shear layer and in the 

pre'sence of other bluff bodies of a similar shape, 

a situation which is representative cf m&ty urban. 

and suburban areas. 

The statistical a~proach to this problem seems 

- - 
the only rea1isti.c one as the number of variables 



involved  i n  s t u d i e s  i n  groups of more t h a n  two 

b u i l d i n g s  i s  so  l a r g e  t h a t  a d e f i n i t i v e  approach i s  

n o t  p o s s i b l e  ( s e e  f o r  example [ 2 ] ) .  Even though 

t h e  parameters ,  s t u d i e d  by Wise i n  h i s  two b u i l d i n g  

cases ,  were v a r i e d  over. a l a r g e  t h e  work 

remains t o o  s p e c i f i c  t o  be of much a s s i s t a n c e  t o  a 

des igner .  A t  t h e  o t h e r  extreme' t h e  work of Su t ton  

[ 3 ]  and  Dav'enport [43 i n  d e f i n i n g  t h e  f low over  l a r g e  

urban a r e a s  i s  t o o  genera l  and t o o  i n a c c u r a t e  a t  

roof  t o p  l e v e l s  and below t o  be u s e f u l  i n  p r e d i c t i n g  

p r e s s u r e  d i s t r i b u t i o n s .  In  between t h e s e  extremes 

t h e r e  i s  a s u r p r i s i n g  p a u c i t y  of informat ion .  

In t h e  p r e s e n t  cas'e t h e  b l u f f  b o d i e s  were 

i d e n t i c a l  i n  form. . (cuboids)  .but i n  f u t u r e  work it. 

i s  hoped t o  extend t h e  work t o  d i f f e r e n t  shapes and 

s i z e s .  P r e s s u r e  d i f f e r e n c e s  and confidence l i m i t s  

have been obta ined  f o r  v a r i o u s  b u i l d i n g  group 

p a t t e r n s ,  b u i l d i n g  d e n s i t i e s  a.?3 a r e a s  of b u i l t  

Informat ion  has  a l s o  been obta ined  on t h e  

i n f l u e n c e  of su r round i rg  bu i ld ixgz  and t h e  a r e a  

which needs  t o  be modelled i f  e9:c11rate r e s u l t s  a r e  

t o  be obta ined  (approximately f l - f c .  b u i l d i n g  b locks  

i s  u s u a l l y  assumed t o  be s u f f i c i  ent [? l )  which 

should be of i n t e r e s t  t c ~  t h o s e  concerned wi th  wind 



t u n n e l  m o d e l l i n g ,  

2 ,  Natural V e n t i l a t i o n  

Some v e n t i l a t i o n  i s  n e c e s s a r y  i n  most t y p e s  o f  

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

c o n d i t i o n s  f o r  human o c c u p a t i o n .  Replacement  o f  

a i r  i s  r e q u i r e d  f o r  t h r e e  r e a s o n s :  

i )  t o  p r o v i d e  a d e q u a t e  oxygen f o r  t h e  o c c u p a n t s  

ii) t o  remove p r o d u c t s  o f  o c c u p a t i o n  e . g ,  o d o u r s ,  

g a s e s ,  v a p o u r s  ( e s p e c i a l l y  w a t e r  vapour  ) and 

s o l i d  p a r t i c l e s ,  and  

i i i )  t o  assist  i n  c o n t r o l l i n g  t h e  ' t h e r m a l  

c o n d i t i o n s  i n  t h e  s p a c e  e . g ,  remove h e a t  and  
1 

g e n e r a t e  a i r  movement, 

I n f i l t r a t i o n ,  which i s  u n i n t e n t i o n a l  

v e n t i l a t i o n  o r  a i r  l e a k a g e ,  may n o t  b e  h a r m f u l  i n  

some s i t u a t i o n s ,  b u t  i n  B r i t a i n ,  where i t  has b e e n  

e s t i m a t e d  tha t  half  t h e  h e a t  l o s t  by b u i l d i n g s  i n  

w i n t e r  i s  t h r o u g h  v e n t i l a t i o n  and  i n f i l t r a t i o n ;  i t  

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

v e n t i ' l a t i o n  and  i n f i l t r a t i o n  r a t e s ,  

There  a r e  a number of mechanisms which p roduce  

v e n t i l a t i o n ,  e . g ,  

i )  Wind f o r c e s  

i i )  Buoyancy f o r c e s  

i i i )  T u r b u l e n t  d i f f u s i o n  ( c a u s e d  by u n s t e a d y  wind 



o r  buoyancy f o r c e s  o r  b u i l d i n g  occupancy), and 

i v )  Molecular d i f f u s i o n .  . 

I n  t h e  present  work only st eaay wind' f o r c e s  

a r e  considered.  

There a r e  two common methods i n  use f o r  

e s t ima t ing  v e n t i l a t i o n  and i n f i l t r a t i o n  r a t e s ;  t h e  

crack  method and t h e  a i r  change method [ 6 ] ,  The 

main poin t  t o  be made h e r e  i s  t h a t  n e i t h e r  approach 

t a k e s  i n t o  account t h e  s h e l t e r i n g  e f f e c t  of  nearby 

b u i l d i n g  q u a n t i t a t i v e l y .  Nelson [ 7 ]  has  sugges ted  

a c e r t a i n  c o r r e c t i o n  f o r  nearby bu i ld ings  bu t  t h e  

c o r r e c t i o n  appears  t o  be based on t h e  two-building 

case  of Vincent and Bai ley  181. 

3. Flow i n  T r a n s i t i o n a l  Zones 
l 

There a r e  two main soPces of informat ion  of 

d i r e c t  re levance  t o  t h e  ? resen t  work: 

i )  F l ~ w  i n  a boundary la.yer over a rough s u r f a c e  

( a  3u.ilding represen.k.3 a roughness elernen-tj, 

and 

i i) Flow over  s p e c i f i c  groups of b u i l d i n g s ,  

The boundary l a y e r  flow 1.i tera.ture appears  t o  

be of g r e a t  use  but  i n  t h e  case  of a b u i l d i n g  i n  an 

urban s e t t i n g  t h e  f low i s  u s u a l l y  r e a d j u s t i n g  

i t s e l f  t o  a new . s e t  of boundary c c x d i t i o n s  

( t r a n s i t i o n  zone) which l i m i t s  even f u r t h e r  t h e  

l i m i t e d  arnount o f  r e l e v a n t  . l i t e r a t u r e .  



3.1 Flow Over Roughness Elements i n  a Boundary 

Layer 

I n  Figure  1 a schematic presentat i .on of t h e  

v e l o c i t y  p r o f i l e  i n  an urban a r e a  [g] i s  presented .  

It shows two d i s t i n c t  sub layer s  wi th in  t h e  

boundary l a y e r ;  t h e  su r face  roughness l a y e r  (zone A )  

and t h e  i n t e r f a c i a l  l a y e r  (zones B and C ) .  The 

f low o v e r ' t h e  roughness produces m e f f e c t i v e  

ground l e v e l  displacement,  d. 

A t  a s t e p  change of su r face  roughness a new 

i n t e r n a l  boundary l a y e r  beg ins  t o  form and 

g radua l ly  thi'ckens. Figure 2 shows t h e  change i n  

t h e  v e l o c i t y  p r o f i l e  a t  a s t e p  change i n  su r face  

roughness,  from a smooth t o  a rough boundary. 

Although very l o n g  f e t c h e s  a r e  r equ i red  t o  achieve  

s t a b i l i t y  t h r o u g h ~ u t  t h e  f u l l  depth of t h e  

boundary l a y e r  ve ry  shor t  f e t c h e s  only a r e  needed 

t o  achieve s t a b i l i t y  a t  lower h e i g h t s  [4] [lO]. 

Apart from t h e  work done by Joubert  e t  a1 [l 1 1  

no pressure  measurements have been published on 

t h r e e  dimensional roughness elements. Much more 

informat ion  e x i s t s  on p ressu re  d i s t r i b u t i o n s  over 

two dimensional roughness elements [l 1 ] [l 23  [ l  33. 

P ressu re  d i s t r i b u t i o n s  i n  cut -outs  [ l 4 1  and  behind 

a s%&p [ l 5 1  a r e  a l s o  of i n t e r e s t .  



To o b t a i n  an unders tanding  of t h e  f low over  

t h r e e  dimensional roughness elements informat ion  on 

v e l o c i t i e s  wi th in  t h e  roughness he igh t  i s  necessa ry  

[ l 6 1  [ l71  [18], On t h e  b a s i s  of t h e  work on two-' 

dimensional roughness,  . t h e  f low over roughness 

elements can be c l a s s i f i e d  i n t o  two groups: 

1 )  t v d ' Y y p e  roughness i f  t h e  spac ing  between t h e  

roughness elements, S, i s  l e s s  t h a n  o r  equal  

t o  t h e  roughness h e i g h t ,  h ,  and 

i i )  t l k q V y p e  roughness i f  S i s  g r e a t e r  t h m  h. 

S t a b l e  v o k t i c e s  a r e  formed i n  t h e  grooves i n  

'Wd"Vype roughness and v e l o c i t y  g r a d i e n t s  below t h e  

roughness he igh t  a r e  n o t  r e l a t e d  t o  t h e  i n c i d e n t  
? 

flow, With t t d v 9 y p e  roughness t h e  d i s t a n c e  of t h e  

apparent  ground p lane  E(= h - d - z o )  i s  

p ropor t iona l  t o  t h e  roughness f e t c h  X and t h e  

i n t e r n a l  l a y e r  depth,  %.  It w a s  a l s o  found t h a t  

i t h  t h i s  roughness t h e  d rag  hence 

p ressu re  d i s t r i b u t i o n )  on m y  element i s  c r i t i c a l l y  

dependent on t h e  alignment o f  t h e  elements. 

With 9 % q 9 y p e  roughness E i s  p r o p o r t i o n a l  t o  

t h e  elemental  roughness h e i g h t ,  h,  while t h e  drag  

i s  no longer  s e n s i t i v e  t o  s m a l l  v a r i a t i o n  i n  h.  

F igure  3 shows t h e  p ressu re  d i s t r i b u t i o n  over 

a "d" type  roughness element [ l 2 1  and Figure  4 shows 



t h e  p r e s s u r e  d i s t r i b u t i o n  o v e r  a "kW t y p e  e l ement  

[13]. In  b o t h  c a s e s  t h e  l e e w a r d  p r e s s u r e  ' r emained  

a l m o s t  c o n s t a n t  o v e r  t h e  e l ement  h e i g h t ,  

The "dl' t y p e  p r e s s u r e  d i s t r i b u t i o n  r e s u l t s  

have  a form v e r y  similar t o  t h o s e  o b t a i n e d  f o r  

f l o w  o v e r  g r o o v e s  ( s e e  F i g u r e  5 ) .  It would seem 

t h e n  t h a t  t h e  f l o w  " s e e s v  t h e  r o u g h n e s s  e l e m e n t s  

as g r o o v e s  r a t h e r  t h a n  p r o j e c t i o n s  i n  t h i s  c a s e .  

A p r . e l i m i n a r y .  i n v e s t i g a t i o n  o f  t h r e e  

d i m e n s i o n a l  r o u g h n e s s  e l e m e n t s  [ l  1  ] showed t h a t  

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

A,  a n d  6/h, Counihan [ l 6 3  f o u n d  that  t h e  

r o u g h n e s s  l e n g t h  zo i n c r e a s e d  w i t h  t h e  a r e a  d e n s i t y ,  

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

a t  an a r e a  d e n s i t y  o f  25%. The z e r o  p l a n e  

d i s p l a c e m e n t ,  d, i n c r e a s e d  w i t h  an i n c r e a s e  i n  

d e n s i t y  ( s e e  F i g u r e  6 ) .  

B e d d i n g f i e l d  e t  a1 [ l 7 1  i n v e s t i g a t e d  t h e  f l o w  

e n t e r i n g  an a r r a y  o f  c u b e s  having s p a c i n g s  o f  h/2, 

h and  1 , 5  h. He n o t e d  tha t  f o r  ' a r r a y s  when t h e  

s p a c i n g  be tween  c u b e s  w a s  h/2 and h ,  f l o w  s t a b i l i t y  

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

s t r e e t  c e n t r e  l i n e ,  a n d  a f t e r  t h e  t h t r d  " c e l l v ,  on 

t h e  c e n t r e  l i n e  of  t h e  c u b e s .  In t h e  1  $ 5  h  a r r a y  

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



t h e n  i n c r e a s e  s l i g h t l y .  The s i g n i f i c a n c e  of  t h i s  

work w i l l  be  exp la ined  i n  t h e  f o l l o w i n g  s e c t i o n .  

3.2 S p e c i f i c  B u i l d i n g  Groupings 

Apart  ' from t h e  BRS work [ 2 ]  and t h a t  o f  

Vincent  and  B a i l e y  [8], most b u i l d i n g  g roup ings  

s t u d i e d  have been s p e c i f i c  ones ,  i n  o r d e r  t o  s t u d y  

s t r u c t u r a l  o r  env i ronmenta l  wind l o a d i n g s  on a 

,reposed b u i l d i n g .  

4. The Wind Tunnel Model 

The wind t u n n e l  model w a s  a grouping  of 2 cm. 

cubes  w i t h  a f e t c h  o f  up  t o  15 h .  T h i s  may seem a 
1 

v e r y  s p e c i f i c  c a s e  b u t  t h e r e  a r e  some p o i n t s  which 

make it more g e n e r a l  than it might f i rs t  a p p e a r ;  

t h e s e  a r e  t h e  t y p e  of  roughness  and t h e  s i m i l a r i t y  

o f  f l o w  over  i s o l a t e d  roughness  e lements  and t h e  

l e n g t h  of  f e t c h .  

4.1 Type of Roughness 

A s  a l r e a d y  mentioned t h e  f l o w  over  "kf9 t y p e  

roughness  i s  v i r t u a l l y  u n a f f e c t e d  by small changes  

i n  t h e  roughness  element h e i g h t  [11] .  In t h e  

p r e s e n t  work and i n  u rban  environments  we a r e  

mos t ly  d e a l i n g  w i t h  "kg' t y p e  roughness .  

4  * 2 

Smith [ l g ]  and Evans L203 c a r r i e d  out  wind 



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

and  s i z e s  o f  i s o l a t e d  b u i l d i n g s .  It w a s  found  by 

r e - a n a l y s i n g  and  p l o t t i n g  Evans r e s u l t  S non- 

d i m e n s i o n a l l y  ( E / H  a g a i n s t  L/%) t h a t  9v0 of  t h e  

r e s u l t s  were w i t h i n  ' 33% l i m i t s  o f  a mean c u r v e ,  

where E i s  t h e  flww r e a t t a c h m e n t  l e n g t h ,  H i s  t h e  

model h e i g h t  and L i s  t h e  model f r o n t a l  l e n g t h .  If 

t h e  same r e s u l t s  a r e  p l o t t e d  u s i n g  (E + w)/H i n s t e a d  

o f  E/H where W i s  t h e  b u i l d i n g  t h i c k n e s s ,  9% of 

t h e  p o i n t s  l i e  w i t h i n  ? 17.5% of t h e  mean c u r v e  

( s e e  F i g u r e  7 ) .  

4 .3  F e t c h  L e n g t h  . 
The work by B e d d i n g f i e l d  e t  a l ,  a l r e a d y  

7 

d e s c r i b e d ,  shoT-:S that t h e r e  i s  n o  l o s s  o f  

g e n e r a l i t y  by  c o n s i d e r i n g  f e t c h  l e n g t h s  as small as 

1 0  h .  Such r e s u l t s  c o u l d  e q u a l l y  w e l l  a p p l y  t o  a 

s m a l l  development  o r  p a r t  o f  a l a r g e  c o n u r b a t i o n .  
I 

4.4 Model and  E x p e r i m e n t a l  F a c i l i t i e s  

The model c o n f i g u r a t i ' o n s  i n v e s t i g a t e d  were:  

i )  The t e s t  b u i l d i n g  t o  t h e  l e e w a r d  and i s o l a t e d  

f rom a g r o u p  of  b u i l d i n g s ,  and  

i i )  t h e  t e s t  b u i l d i n g  wi thin  t h e  g r o u p  of 

b u i l d i n g s .  

The p a t t e r n  and d e n s i t i e s  o f  t h e  g r o u p i n g s  were 



as shown i n  F i g u r e  8. 

The wind t u n n e l  used  t o  o b t a i n  t h e  r e s u l t s  i n  

t h e  f o l l o w i n g  s e c t i o n  w a s  a non- re tu rn  t u n n e l  w i t h  

a working s e c t i o n  of 0 .6  m by 0.6 m. The l e n g t h  of 

t h e  working s e c t i o n  w a s  2 .5  m and t h e  maximum 

v e l o c i t y  o b t a i n a b l e  i n  t h e .  s e c t i o n  w a s  25 m/sec. 

5 ,  R e s u l t s  

Two boundary l a y e r  p r o f i l e s  wcre used,  one 

hav ing  a power l a w  exponent,  a ,  o f  0.35 and a 

t h i c k n e s s ,  6 ,  of  18 cm. and t h e  second hav ing  an 

exponent of 0.15 and a t h i c k n e s s  o f  5 cm. 

Measurements o f  t h e  p r e s s u r e  d i f f e r e n c e  
1 

c o e f f i c i e n t  A Cp ove r  t h e  two f a c e s  of  t h e  model 

b u i l d i n g  were made f o r  each g roup ing  d e n s i t y ,  

r a d i u s  of  b u i l t  form (from t h e  t e s t  b u i l d i n g ) ,  

boundary l a y e r  p r o f i l e  and f o r  v a r i o u s  a n g l e s  o f  

i ? idence  of t h e  t e s t  b u i l d i n g  and  group o f  

b u i l d i n g s  were made, 

F igu re  9 shows t h e  v a r i a t i o n  of A Cp on t h e  

t e s t  b u i l d i n g  when it  w a s  i s o l a t e d  by a d i s t a n c e  

x/h downstream of a group wi th  an a r e a  d e n s i t y  of 

25$e It can be  s een  from F igu re  10 t h a t  as t h e  

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

s t a n d a r d  d e v i a t i o n  of t h e  r e s u l t s  becomes l e s s ,  i . e e  

t h e  p r e d i c t i o n  t e c h n i q u e  becomes more p r e c i s e ,  and 



t h e  v a r i a t i o n  i n  r e s u l t s  i s  small f o r  two o r  more 

rows ,  and  as x/h i n c r e a s e s  t h e  v a l u e  of A Cp 

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

The work on t h e  v a r i a t i o n  of  t h e  p r e s s u r e  

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

i s  more d e t a i l e d  and i n v o l v e s  a s s e s s i n g  t h e  r e s u l t s  

o f  t h e  s i z e  o f  t h e  g roup ,  r / h ,  i t s  d e n s i t y ,  D,  and 

p a t t e r n ,  as w e l l  as t h e  c h a r a c t e r i s t i c s  of t h e  

a p p r o a c h i n g  f l o w  and  t h e  a n g l e  o f  i n c i d e n c e  o f  t h e  

f l o w .  

In  F i g u r e  l l ' t h e  v a r i a t i o n  o f  A Cp i s  p l o t t e d  

as a f u n c t i o n  o f  r/h and D. A l though  each  b u i l t  

fo rm d e n s i t y  D, gave  d i f f e r e n t  r e s u l t s ,  t h e  r e s u l t s  

showed t h e  same t r e n d .  The g r o u p  p a t t e r n ( s )  u s e d  

a r e  shown i n  F i g u r e  8.  The boundary  l a y e r  w i t h  a 

t h i c k n e s s  o f  1 8  cm. w a s  u s e d  and  t h e  f l o w  w a s  k e p t  

n o r m a l  t o ,  t h e  t e s t  b u i l d i n g .  Each p o i n t  i n  F i g u r e  

11 i s  an a v e r a g e  of  t w e l v e  r e a d i n g s  o b t a i n e d  b y  
I 

r o t a t i n g  t h e  b u i l d i n g  g r o u p  be tween - 90' and  + 90' 

a t  15" i n t e r v a l s .  The r e s u l t s  show tha t  as t h e  

r a d i u s  o f  t h e  g r o u p i n g ,  r/h, i n c r e a s e s  t h e  

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

The v a r i a t i o n  i n  p a t t e r n  h a s  d i f f e r e n t  e f f e c t s  

f o r  d i f f e r e n t  d e n s i t i e s ,  F i g u r e  1 2  shows a 

compar ison  be tween t h e  normal  p a t t e r n  and t h e  



s t a g g e r e d  p a t t e r n  f o r  1% and  2% d e n s i t i e s -  'The 

e f f e c t  o f  t h e  p a t t e r n  on t h e  1% d e n s i t y  r e s u l t s  i s  

n e g l i g i b l e  w h i l e  on t h e  2% d e n s i t y  i t  i s  

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

Approaching f l o w  e f f e c t s  a r e  shown i n  F i g u r e  

13'. The f i g u r e  shows t h a t  h i g h e r  v a l u e s  o f  A C ~  

a r e  o b t a i n e d  i n  t h e  t h i c k e r  boundary  l a y e r .  

V a r i a t i o n  i n  v a l u e s  o f  Cp w i t h  a n g l e  o f  

i n c i d e n c e  a r e  shown i n  F i g u r e  1 4 .  Compared w i t h  

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

a t t e n u a t i o n  i n  A Cp w a s  o b t a i n e d  f o r  t h e  t e s t  

b u i l d i n g  normal  t o  t h e  f low.  A s  t h e  a n g l e  o f  

i n c i d e n c e  i s  i n c r e a s e d  t h e  d i f f e r e n c e  be tween  t h e  

i s o l a t e d  and  g r o u p  ACp v a l u e s  d e c r e a s e s .  

An i n v e s t i g a t i o n  was a l s o  c a r r i e d  o u t  on t h e  

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

b u i l d i n g .  F o r  t h i s  p a r t  o f  t h e  work i t  w a s  assumed 

tha t  v a l u e s  o f  A C ~  a r e  s t a b l e  i f  a change i n  t h e  

v a l u e s  o f  r/h produced a change  of  l e s s  than 5% 

i n  A Cp, The r e s u l t s  g i v e n  i n  F i g u r e  15 show a 

' Y ~ o t p r i n t ' ~  a r e a  o f  i n f l u e n c e ,  h a v i n g  i t s  axis  i n  

t h e  i n  wind d i r e c t i o n .  

6.  C o n c l u s i o n s  

From t h e  r e s u l t s  o b t a i n e d  s o  fa r  it  c a n  b e  



c o n c l u d e d  tha t  p r e s s u r e  d i s t r i b u t i o n s  on b u i l d i n g s  

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

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

o f  t h e  b u i l t  fo rm and  t h e  r o u g h n e s s  f e t c h  i s  known. 

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

v e n t i l a t i o n  e s t i m a t e s  a n d  i s  a l s o  of  u s e  i n  

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

p r e s s u r e s  s h o u l d  b e  u s e d .  

The l V l i m i t  o f  t h e  i n f l u e n c e t 1  a r e a  a r o u n d  t h e  

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

d e n s i t y  of b u i l t  form a n d  it a l s o  p r o v i d e s  a u s e f u l  

g u i d e  as t o  t h e  a r e a  t o  b e  m o d e l l e d  i f  wind t u n n e l  

s t u d i e s  a r e  t o  b e  u n d e r t a k e n ,  

  his' work i s  c o n t i n u i n g  a n d  w i l l  b e  e x t e n d e d  

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

f o r m  a n d  g r o u p  p a t t e r n ,  t o g e t h e r  w i t h  small c h a n g e s  

i n  b u i l d i n g  h e i g h t .  

I 
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Figure 1 Air f l o w  in built-up areas [g] 
-- - - W -- m - - - - - - - - -. . - 



Profile appropriate to 
smooth terrain 

Internal boundary 1 

i l e  appropriate to  

appropriale to 
terrain 

Figure 2 Schematic representation 'of wind passing 
from smooth terrain to rough terrain 
C21 l 

Figure L 



i ~ e  3 Deta i led  r e s s u r e  measurements on t h e  ' . 

windward ?P,) and 1:eeward ( P ~ )  f a c e s  of 
roughness element [ l  2 1  

i r e  4 Pressure  d i f f e r e n c e  d i s t r i b u t i o n  a long  
t h e  element h e i g h t ,  h ,  a t  small f e t c h e s  
( n o t i c e  s h i f t  of o r i g i n )  [ l 3 1  



Figure 5 Pressure coefficient distribution on 
groove walls of various depth-breadth 
ratio (d/b), d = 4 cm., V, = 28 m/sec, 
[ l  51 



F i g u r e  6 Var ia t ion of ;,/h and a/h with a r e a  
densi ty  ( A ~ / A )  a t  constant f e t c h  C161 



E + W  
Figure 7 Var ia t ion  of t h e  p a r a m e t e r L ~  with 

t h e  f r o n t a l  a spec t  r a t i o  f o r  d i f f e r e n t  
b u i l d i n g  forms f o r  t h e  r e s  fl I t s  obtained 
from Evansv work, where E i s  the 
reat tachment  d i s t a n c e  behind bu i ld ing ,  
W i s  t h e  b u i l d i n g  th ickness ,  L i s  t h e  
f r o n t a l  l e n g t h  o f  t h e  b u i l d i n g  and H i s  
t h e  b u i l d i n g  he igh t  



# # B  
2.Bh 

Normal  p a t t e r n  



Figu re  9 P r e s s u r e  d i f f e r e n c e  c o e f f i c i e n t  a c r o s s  
t h e  t e s t  b u i l d i n g  when it w a s  i s o l a t e d  
by a d i s t a n q e  x/h downstream o f  a g r o u p  
of  v a r i o u s  number o f  rows (g roup  
d e n s i t y  25%) 



No. of rows 
'"1: '2- 9: in the group 
m ea 
& = " I  

P 

Figure  10 V a r i a t i o n  o f  t h e  s t anda rd  d e v i a t i o n  - of 
4 Cp a c r o s s  t h e  t e s t  model -. w i t h  

d i f f e r e n t  number o f  r o w s  i n  t h e  group 



F i g u r e  11 V a r i a t i o n  of A Cp w i t h  r a d i u s  o f  
s u r r o u n d i n g  g roup ,  r/h, and d e n s i t y ,  D. 



F i g u r e  1 2  A compar ison  be tween t h e  normal  p a t t e r n  
and t h e  s t a g g e r e d  p a t t e r n  f o r  5v0 and 
2% d e n s i t i s s  

-- -- - - - - -  - - - 



Figure 13 E f f e c t  of approaching boundary l a y e r  
depth 6 on bCp as a percentage o f  t h e  
i s o l a t e d  b u i l d i n g  A Cp (normal  att tern) 

- 



Angle o f  Block  to f low 

Figure  14 E f f e c t s  of a n g l e  of i nc idence  on aCp f o r  
d i f f e r e n t  d e n s i t i e s  compared w i t h  t h e  
i s o l a t e d  b l o c k .  



.Figure 15  The area of influence around the test - 
building when D = 1 C$, pattern = normal, 

0 6 = 18 cm.,osurroundings at 0°, 2 1.5 
30°, + 45 to the flow and the test 

building normal to flow direction 


