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Proposal f o r  a method o f  c a l c u l a t i n g  a i r  i n f i l t r a t i o n  i n  a m u l t i s t o r e y  bu i l d ing ( * )  

M i  chele Ca1 i , Giovanni V. Fracastoro (**) 

Abstract  - I n  t h i s  paper a method 1 s  described, discovered a f t e r  much b ib l iograph ica  
research, f o r  a i r  i n f i  l t r a t i o n  calculation i n  a mu1 t i s t o r e y  bu i  l d ing .  The method 
which has been developed may be used both f o r  computer ca l cu la t i ons ,  i n  order  t o  
aetermine t h e  thermal  "balance ulleeC1' f o r  a b u i l d i n g  hour by hourand for steady s t a t e  

manual ca l  cu l  a t i  ons. Ana l y t  i c a l  and expert  mental repor ts  have been exam1 ned t o  deter- 
mine t h e  a i r  f low- ra te  due t o  t h e  wlnd and the  temperature-induced conuect ion 
(stack e f f e c t ) .  The a i r  f l ow- ra te  has been evaluated as a f u n c t i o n  o f  t.he pres- 
sure di f ference, t a k i n g  i n t o  account the  dynamic pressure d i s t r i b u t i o n  around the 
h u i l d i n g ,  and, as f o r  the window s f r  t igh tness ,  t h e  c l a s s i f i c a t i o n  accordlng t o  
Standard UNI EN42. An example of t i re c a l c u l a t i o n s  has been inc luded,  

1. E f f e c t  o f  the wind 

1 .l. Reducing meteorological  wi tld - t.o l oca l  wind 

By meteorological  wind i s  meant t h e  values o f  wind d i r e c t i o n  and ve loc i t y ,  mea- 
sured a t  a meteorological  s ta t lc tn  a t  a he igh t  above t h e  ground o f  z (general l y  
z = 10 m). S 

s 
By l o c a l  wind i s meant the  valrti?s o f  wlnd d i  r e c t i o n  andtweloci t y  i n  t h e  p lace 
where t h e  buialding i s  erected ~t a h e i g h t  above t h e  ground of z .  

I n  t h e  c a l c u l a t i o n  method descr:tlad, the wind d i r e c t i o n  i s  no t  var ied.  I t  i s  
indeed t r u e  t h a t  t h i s  may be vat-icd by rhe presence of n a t u r a l  o r  a r t i f i c i a l  ob-
s tac les  (h igh  bu i l d ings  I n  an ut lratj area,  f o r  example), bu t  t h e  del  i b e r e t e  var ia-  
t i o n  of-this value would requ i re  FI d e t a i l e d  knowledge o f  t he  topography o f  the  area 
i n  which t h e  bui  l d i n g  i s  erected, thereby encumbering the  c a l c u l a t i o n  metllod w i t h  
an excess o f  in format ion.  

The formula used t o  reduce t h i s  wind v e l o c i t y  from the  meteoro log ica l  s t a t i o n  t o  
the  s i t e  on which t h e  b u i l d i n g  I t  e rec ted  (and a t  he ight  z from the  grourrd) i s  
as fo l l ows  (5, 30): 

the  f a c t o r  s  r e l a t i n g  t o  the  mr l t~ t - r l -o log lca l  s t a t i o n  and t h e  f a c t o r  e t o  the  
bui  1 din.9. 

The values o f  ,b and d are givetr I n  l ab .  1 as a func t ion  o f  some t y p i c a l  land 
formations . 
1.2. Ca lcu la t i on  o f  t h e  pressure, d i f f e r e n c e  through a w a l l  i n  any d i r e c t i o n  i n

re1 a t i  on t o  t h e  w i  nd d i  rec t i oti - - 
When the wind encounters an obst nr l e ,  i t s  v e l o c i t y  i s  a1 te red around t h i s  obstacle. 
I f  the  k i n e t i c  energy o f  t he  a i l  I s  reduced, there  w i l l  be an increase i n  the com- 
press ive  energy and v i c e  versa. 

(+:) Work c a r r i e d  ou t  as p a r t  of t i le  Conipleted Energy P ro jec t  o f  the  CNR. Sub- 
P r o j e c t  RERE, Subject D, Confrat i 78.01196.92. 

("5)  I n s t i t u t e  of Technical Physics, T u r i n  Polytechnic. 

I n  severa l  cases. t h e  word "window".i,ae been used t o  t r a n s l a t e  the  I t a l i a n  
"serramento", which would seem t c ~  be a term embracing a l s o  doors and w a l l  - 

manual 
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Proposal for a method of calculating air infiltration in a multistorey building(*) 

Michele Cali, Giovanni V. Fracastoro (**) 

Abstract - In this paper a method Is described, discovered after much bibliographica  
research, for air infi ltration calculation in a multistorey building. The method 
which has been developed may be used both for computer calculations, in order to 
tletermine the thermal "balance oheel" for a building hour by hour and fOl: steady state 
calculations. Analytical and experimental re~otts have been examined to deter-
mine the air flow-rate due to the wind and the temperature-induced conuection 
(stack effect). The air flow-rate has been -evaluated as a function of the pres-
sure difference, taking into account the dynamic pressure distribution around the 
building, and, as for the window air tightness, the classification according to 
Standard UNI EN42. An example uf tile oalculations has been inoluded. 

1. Effect of the wind 
1.1. Reducing meteorological wifld to local wind 
By meteorological wind is meant the 
sured at a meteorological station at 
z = 10m). s 

values of wind direction and velocity, mea-
s height above the ground of z (generally s 

By local wind is meant the vall1l!s of wind 
where the building is erected ~t a height 

direct i on and"ve 1 oc i ty in the place 
above the ground of z. 

In the calculation method descr1hud. the wind direction is not varied. It. is 
indeed true that this may be va·-ied by the presence of natural or artificial ob-
stacles (high buildings tn an Ullin" area. for example), but the dellbet'ate varia-
tion ofihis value would require a detailed knowledge of the topography of the area 
in which the building is erected, thereby enoumbering the calculation method with 
an excess of information. 
The formula used to reduce this wind velocity from the meteorological station to 
the site on which the building I~ Hrected (and at height z from the ground) is 
as follows (5,30): 

v = v (d /1. ) Ps (, I d ~ ( 1) 
z s sse 

the factor s relating to the m~lllnrDloglcal station and the factor e to the 
building. 
The values of P and d are give,' In 1ab. 1 as a function of some typical land 
formations. 
1.2. Calculation of the pressun· difference through a wall in any directIon In 

rel ati on to the wi nd di ree' I nIl 

When the wind encounters an ob~'H(le, Its velocity is altered around this obstacle. 
If the kinetic energy of the ai, 16 reduced, there will be an increase In the com-
pressive energy and vice versa. 

(1:) Work carried out as part of the Completed Energy Project of the CNR. Sub-
Project RERE, Subject 0, Contral I 78.01196.92. 
(**) Institute of Technical PhYblcs, Turin Polytechnic. 

In several cases. the word "window", has been used to translate the Italian 
"serramento", which would seem to be a term embracing also doors and wall 
apertures. 



Table 1. 

I f  a l l  the k i n e t i c  energy i s  converted t o  compressive energy, the increase i n  the 
l a t t e r  i n  r e l a t i o n  t o  the e x i s t i n g  pressure i n  the f l ow o f  a i r  not  disturbed by 
the obstacle would be (14) : 

country ( r u r a l )  

per iphery !(outski r t s )  
o f  town o r  busy 
count r y  town 

urban centre 

The value o f  the denai t y  o f  a,i& introduced i n  (2) cor responds  t o  OOC. For tempera- 
tures o f  between -10 C and +10 C, the value o f  the a i r  densi ty may be obtained 
from the fo l low ing  1 inear r e l a t i on :  

3 

1 /B 
7 

3.5 

2.5 

i 
d (m) 
280 

400 

520 

Generally speaking, on a w a l l  f ac i ng  i n  any d i r e c t i o n  i n  r e l a t i o n  t o  the wind 
d i rec t ion ,  there w i l l  be an increase (o r  reduction) i n  the s t a t i c  pressure, 
equal to (5, 14) :  

. 

With C between - 1.0 and + 1.0. 
P 

The pressure coe f f i c i en t  C assumes pos i t i ve  values c lose  t o  u n i t y  i n  r e s -  
pect  o f t h e  windward wa l l  oP the bu i ld ing ,  whi 1st  i t  general ly  assumes negative 
values on the l a t e r a l  and leeward wal ls .  

A pos i t i ve  value o f  C represents a s ta te  o f  excess pressure on the wal l ,  w i t h  a 
consequer~t irnhiss ion gf e i  r from the  outside, The opposi te i s  t r u e  i f  C i s  
negative, when the wa l l  i s  subject t o  low pressure and the a i r  f lows f r B m  the 
ins ide t o  tlle outside. 

The determination o f  t he  pressure c o e f f i c i e n t  i s  one of the most complex and contro- 
ve rs ia l  subjects. It depends both on the wind d i r e c t i o n  and on the geometric charac- 
t e r i s t i c s  o f  the b u i l d i n g  (17). 

The values o f  C on each wa l l  a re  given i n  tab le  2 as a func t ion  o f  the angle of 
incidences bet8een the  wa l l  and the w i  nd and of the r a t i o s  l : w  and h:w between 
the dinlens i ons of  the bui  1 d i ng (20) . 
Conventionally, the wa l l s  o f  the bu i l d i ng  are defined on the fo l lowing c r i t e r i o n  
( f i g .  1 ) :  A i s  the windward wal l  on which the wind 'acts from the r igh t ,  C i s  the 
windward wa l l  on which t he  wind acts from the l e f t ,  B i s  located i n  f r o n t  o f  A, 
D i n  f r o n t  o f  C. 
Consequently the angle cr var ies from 0' t o  go0. 

The value o f d p  obtained from (4), as already mentioned, represents the va r ia t ion  
of the pressurewon the wa l l  i.n r e l a t i o n  t o  the flow undisturbed by obstacles. 
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d (m) lIS 
country (rural) 280 7 

periphery (outskirts) 
of town or busy 400 3.5 
country town 

2.5 
urban centre 520 

Table 1. 

If all the kinetic energy is converted to compressive energy, the increase in the 
latter in relation to the existing pressure in the flow of alr not disturbed by 
the obstacle would be (14) : 

Ap = 112 p v2 = w Z 
2: 

0.647 v2 
z (2) 

The value of the den6ity of a'ieS introduced in (2) corresponds to OOC~ For "t.empera-
tures of between -10 C and +10 C, the value of the air density may be obtained 
from the following linear relation: 

r = - 0.00475 t + 1.294 e (3) 

Generally ~peaklng, on a wall facing in any direction in relation to the wind 
direction, there will be an increase (or reduction) in the static pressure, 
eq ua 1 to (5, 14): 

p = p = A p = C • 0.647 v2 
w w P z (4) 

With C between - 1.0 and + 1.0. 
P 

The pressure coefficient C assumes positive values close to unity in ~es­
pect of the windward wall o~ the building, whilst it generally assumes negative 
values on the lateral and leeward walls. 
A positive value of C represents a state of excess pressure on the wall, with a 
consequent lmmission Bf al r from the outside. The opposite is true if C is 
negative, when the wall is subject to low pressure and the air flows frBm the 
inside to the outside. 
The determination of the pressure coefficient is one of the most complex and contro-
versial subjects. It depends both on the wind direction and on the geometric charac· 
teristics of the building (17). 
The values of C on each wall are given in table 2 as a function of the anqle of 
incidencea. bed~een the wall and the wind and of the ratios l:w and h:w between 
the dinrensions of the building (20). 
Conventionally, the walls of the building are defined on the following criterion 
(fig. 1): A is the windward wall on which the wind 'acts from the right, C is the 
windward wall on which the wind acts from the left, B is located in front of A, 
o in front of C. 
Consequently the angle Cl varies from 00 to 900

• 

The value ofllp obtained from (4), as already mentioned, represents the variation 
of the pressurewon the wall i,n relation to the flow undisturbed by obstacles. 



Tab. Z 

I 

Fig. 1 

On ti,+. r,tljer hand,  t h e  p h y s i c a l  v a l u e  de tern l l  n l  ng t h e  p a s s a g e  of a i  r t h r o u g h  t h e  
w a l l  r n r , ~ j > ~ n ~ ~ t s  i s  t h e  p r e s s u r e  d i f f e r e n c e  between i n s i d e  and  o u t s i d e ,  'a  f u n c t i o n  
o f  t1.t p r e s s u r e  which  i s  e s t a b l i s h e d  i n s i d e  t h e  b u i l d i n g ,  p i .  Now b e c a u s e  t h e  
i n t e t  r ~ e l  p r e s s u r e  i s  g e n e r a l l y  d i f f e r e n t  f rom t h e  a t m o s p h e r ~  c p r e s s u r e ,  i t  would 
b e  n t e ~ e s s a r y  t o  i n t r o d u c e  i n  (4) a c o e f f i c i e n t  C' i n  p l a c e  of C so t h a t :  

P  P ' 

..4) -, ,20::/90 + 0,7 

1<1110<3/2 C B) -0,30::190 - 0,2 
" - C) ',20::/90 - 0,5 

D) 0.30::/90 - 0,5 
II/w< 1/2 

..4.) -1,2 11./90 + 0,7 
C B) -0,250::/90 - 0,25 3:2·-:.1/10<1, 

i> - OJ 1,S u/90-0,6 

! D) O,S 1%f90 - 0,6 

AI -1,3 u/90 + 0,7 

i<liw<3/2 C BI -0,350:: 90-0,25 
," - OJ 1,3 11./90-0,6 

D) 0,350::/90 - 0,6 i 
, /2<h/w<'/2 . 

..4.) -',20:: 90 + 0,7 

3/2<1,'",<.4 C B) -0 20:/90 - 0,3 
" ~ OJ 1 ,4a.f90 - 0,7 

DI 0,60:/90 - 0,7 

..4.) -1,6 u/90 + 0 8 

,<1110<3/2 (' B) -O,55a190-0,25 
'p - 0 1. 6 u/90 -0,8 

DJ O,55a:/90 -0,8 
S/2<hlw<6 --

AI -1,211/90 + 0,'1 

3/2dlwd, C B) -0,11%/90-0,4 
.,. - 0, 1,50::/90 -0,7 

D O,6u/90 -0.7 

Tab. i 

D 
B 

Fig. t 

On tl,P other hand, the physical value determining the passage 
wall rOlllponents is the pressure difference between inside and 
of t"e pressure which is established inside the building, p •• 
intelnal pressure is generally different from the atmospheric 
be nl'(..essary to introduce in (4) a coefficient C' in place of p 

of air through the 
outside,'a function 

Now because the 
pressure, lt would 
C , so that: p 



However, i n  o rder  t o  know C ' ,  t he  i n t e r n a l  pressure would have t o  be ca l cu la ted  
a t  every moment: t h i s  depenRs on t h e  res is tance and arrangement o f  the  o ~ e n i n g s  
and on t h e  c racks  t l l rough which t h e  a i r  passes. I f  these a re  d i s t r i b u t e d  
uni formly around t h e  wa l l s ,  t h e  i n t e r n a l  excess pressures (or  
Xow pressures)  w i  1  1  no t  exceed 20% o f  t h e  maximum va lue ob ta i  ned from (2) . Other- 
wise, w i t h  most o f  t h e  openings located on the  windward wa l l ,  f o r  example, i n te rna l  
excess pressures may be obta ined which a re  almost equal t o  the  excess pressure on 
t h e  w i  ndward surface (14). 

However, because t h e  v a r i a t i o n s  i n  i n t e r n a l  pressure do not  - on the  same storey- 
lead t o  any v a r i a t i o n  i n  t h e  sum o f  t h e  absolute values o f  t h e  pressure d i f ferences 
between t h e  i n s i d e  and outside, t he  problem may be s i m p l i f i e d  s u b s t a n t i a l l y  by con- 
s ide r iny  the  pressure c o e f f i c i e n t s  C t o  be equal  t o  t h e  pressure d i f f e r e n c e  c o e f f i c i e n t $  
C ' .  This i s  Tantamount t o  consider ihg the  pressure i n s i d e  the  b u i l d i n g  t o  be equal 
t 8  the  etntospheric pressure. 

2. The s tack  e f f e c t  

When the i n s i d e  temperature i s  h igher  than t h e  o u t s i d e  temperature, the  stack 
e f fec t ,  due t o  t h e  d i f f e r e n c e  i n  a i  r densi ty ,  produces an i n t e r n a l  low pressure 
on the  l o w  storeys and an i n t e r n a l  excess pressure 6n t h e  h igher  storeys. 

Consequently there i s  a  ho r i zon ta l  plane, c a l l e d  t h e  neu t ra l  plane, i n  which, i n  
the  abeorlce o f  o the r  phenomena, t h e  i n t e r n a l  and ex te rna l  pressures are equal. 

General ly speaking t h e  d i f fe rence between i n t e r n a l  and ex terna l  pressures due t o  
t h e  stack e f f e c t  i s  g i ven  by (14, 5 )  : 

According t o  the  choice of symbols f o r  (4) ,  t h e  d is tance from the  neu t ra l  plane 
must be measured p o s i t i v e l y  downwards and n e g a t i v e l y  upwards. 

The de te rn~ lna t ion  o f  y requi res a. knowledge o f  t h e  he igh t  o f  t h e  neu t ra l  p lane 
from the ground ( z  ) ,  which i n  t u r n  depends upon t h e  d i s t r i b u t i o n  o f  t he  v e r t i -  
ca l  f lows and the  Vf i ternal p a r t i t i o n s .  

General ly speaking, t h e  stack e f f e c t  i s  accentuated by t h e  presence o f  i n t e r n a l  
v e r t i c a l  a i r  c a v i t i e s ,  and i f  these are  v e r t i c a l l y  d i s t r i b u t e d  i n  a  un i fo rm manner, tlie 
neu t ra l  pl.ane w i l l  be located h a l f  way up the  b u i l d i n g .  

I f  the  oppos i te  i s  t rue ,  i .e. i f  the  area separa t ing  one s torey  f rom another i s  
complete ly  a i r t i g h t ' ,  t i le re  w i l l  be as many n e u t r a l  p lanes as' there  are  s toreys  in 
the b u i l d i n g ,  located halfway between t h e  f l o o r  and c e i l i n g .  

I n  1-2 s to rey  b u i l d i n g s  ( r e s i d e n t i a l  houses, etc.), t h e  neu t ra l  plane i s  general ly  
h igher than the  cent r e  1 i ne, bei ng s i t u a t e d  halfway up t h e  ehimney ( i f  t h e r e  i s  one) : 

zpn = 0.6 11 + 0.7 h 
t 

For h ighe r  bu i l d ings ,  i t  i s  found (27, 28) t h a t  zpn va r ies  between 0.3 h  and 0.7 h. 
These values have been obtained exper imental ly ,  and f o r  a  few cases only,  and 
because these r e s u l t s  have not  y e t  enabled simple, general re la t i onsh ips  t o  be 
deduced between t h e  morphological c h a r a c t e r i s t i c s  o f  t he  b u i l d i n g  and t h e  p o s i t i o n  
o f  the n e u t r a l  plane, i t  i s  suggested t h a t  t h e  f o l l o w i n g  i s  assumed: 

3. Ca lcu la t i on  o f  t h e  r a t e  of i n f i l t r a t i o n s  due t o  t h e  combined a c t i o n  o f  the  
w l  nd and stack e t t e c t  

The general equation de f in ing  t h e  r a t e  o f  i n f i  l t r a t i  ons through a  w a l l  component 
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However, in order to know C' , the internal pressure would have to be calculated 
at every moment: this depen8s on the resistance and arrangement of the openings 
and on the cracks ~hrough which the air passes. If these are distributed 
uniformly around the walls, the internal excess pressures (or 
low pressures) will not exceed 20% of the maximum value obtained from (2). Other-
wise, with most of the openings located on the windward wall, for example, internal 
excess pressures may be obtained which are almost equal to the excess pressure on 
the windward surface (14). 
However, because the variations in internal pressure do not - on the same storey-
lead to any variation in the sum of the absolute values of the pressure differences 
between the inside and outside, the problem may be simplified substantially by con-
sidering the pressure coefficients C to be equal to the pressure difference coefficientf 
C' • This is ~antamount to considering the pressure inside the building to be equal tB the atmospheric pressure. 

2. The stack effect 
When the inside temperature is higher than the outside temperature, the stack 
effect, due to the difference in ai r density, produces an internal low pressure 
On the lrnv storeys and an internal excess pressure on the higher storeys. 
Consequ~ntly there is a horizontal plane, called the neutral plane, in which, in 
the absence of other phenomena, the internal and external pressures are equal. 
Generally speaking the difference between internal and external pressures due to 
the stack effect is given by (14, 5): 

11 P = 0.0342 P Y (11{273 + t ) - 1/(273 + t:» (6) c e I 

According to the choice of symbols for (4), the distance from the neutral plane 
must be measured positively downwards and negatively upwards. 
The determination of y requires a knowledge of the height of the neutral plane 
from the ground (z ). which in turn depends upon the distribution of the verti-
cal flows and the ~Rternal partitions. 

Generally speaking, the stack effect is accentuated by the presence of internal 
vertical air cavities, and if these are vertically aistributed in a uniform manneI, the 
neutral plane will be located half way up the building. 
If the opposite is true, I.e. if the area separating one storey from another is 
completely airtigbt', tllere will be as m~ny neutral planes as' there are storeys in 
the building, located halfway between the floor and ceiling. 
In 1-2 storey buildings (residential houses, etc.), the neutral plane is generally 
higher than the centre line, being situated halfway up the Chimney (if ,there is one): 

zpn = 0.6 h ~ 0.7 h 
• For higher buildings, it is found (27, 28) that zpn varies between 0.3 hand 0.7 h. 

These values have been obtained experimentally, and for a few cases only, and 
because these results have not yet enabled simple, general relationships to be 
deduced between the morphological characteristics of the building and the position 
of the neutral plane, it is suggested that the following is assumed: 

Z = 0.5 h pn 
(7) 

3. Calculation of the rate of infiltrations due to the combined action of the 
wind and stack effect 

The general equation defining the rate of infiltrations through a wall component 



i s  as f o l  lows (13, 14) : 

The c o e f f i c i e n t  o f  f l o w  C i s  de f i ned  as the  vo lumet r i c  f low r a t e  per  u n i t  o f  
length  o f  t h e c r a c k o r  per  u n i t  area o f  t he  component, corresponding t o  a  pres- 
sure d i  f f e rence  o f  1  Pa. 

Q' represents t h e  vo lumet r ic  f l o w  r a t e  per  u n i t  o f  l eng th  o f  t h e  crack o r  per 
u n i t  area o f  the  w a l l  con~ponent and l s nicasured i n  im3/h . m) and (m3/h.m2) 
respect ive ly .  

I n  (8 )A  p  i s  the  a lgeb ra i c  sum o f  t he  pressure d i f f e rences  due t o  the  e f f e c t  o f  
t h e  wind and the s tack  e f f e c t :  

I t  i s  noted t h a t  t h e  r a t e  o f  i n f i l t r a t i o n s  due t o  t h e  combined a c t i o n  o f  t.he wind 
and t h e  s tack  e f f e c t  i s  not  t h e  slim o f  the ra tes  due t o  the  i n d i v i d u a l  e f f e c t s ,  
because t h e  r a t i o  between Q' a n d l j p  Is rrclt o f  t h e  1 i nea r  type. 

The va lue  o f  t h e  exponent o f  f l o w  nr genera l l y  used both  f o r  c racks  and t l ~ i n  openings 
and f o r  walls., i s  0.65 (13 ,  14, 3 6 ,  28). 
The value o f  C i s  c l o s e l y  associcrted w i t h  t h e  q u a l i t y  o f  t h e  w a l l  and the w i n -  
dows, p a r t i c u l a r l y  i n  the  mat te r  r ) f  tlleir impermeab i l i t y  t o  a i r
(29) 

Based on t h i s  impermeabi l i ty ,  t l r *  wjr ) t l l jwr;  i:an be graded i n t o  3 U N I  claserr 
designated Al ,  A2, A3, t o  which I ? I C  tnaxina~m values o f  C l i s t e d  i n  t a b l e  3 correspond 
(18, 19):  

Table ;I 

To o b t a i n  t h e  r a t e  o f  i n f  i l t r a t i  o l ~ r ,  through a l l  the windows, i t  
would then be necessary t o  r n u l t i l l l y  I l ~ e  r e s u l t  i n  .(8) by the  l eng th  o f  the  
aper ture.  

S i m i l a r l y ,  t he  losses through a  bill corriponent permeable t o  a i r  may be ca lcu la ted  
(an ou te r  w a l l ,  f o r  example), by i 111 I-oducl ng t h e  c o e f f i c i e n t s  o f  f l ow  and the  area 
o f  t h e  w a l l  component i n t o  r e l a t l  l b l i  (8) and i n t o  t i l e  f o l l o w i n g  one: 

We g i ve  below i n  t a b l e  4 the va1ur.r; o f  the f l ow  c o e f f i c i e n t s  C deduced from 
the (ava i l ab le )  1  i t e r a t u r e ,  f o r  srme w a l l s :  

-5-

is as follows (13,14): 

QI: C (.6p)n ( 8) 

The coefficient of flow C is defined as the volumetric flow rate per unit of 
length of theerackor per unit area of the component, corresponding to a pres-
sure difference of 1 PaR 
QI represents the volumetric flow rate per unit of length of the crack or per 
unit area of the wall component Rnd Is measured in (m3/h • m) and (m3/h.m2) 
respectively. 
In (8)A p is the algebraic sum of the pressure differences due to the effect of 
the wind and the stack effect: 

It is noted that the rate of infiltrations due to the combined action of t.he wind 
and the stack effect is not the sum of the rates due to the individual effects, 
because the ratio between QI andAr Is not of the linear type. 

The va 1 ue of the exponent of flow n/ gene'"a 11 y used both for cracks and thin openings 
and for walls., is 0.65 (13. 14, If), 28). 
The value of C is closely assoclhled with the quality of the wall and the win-
{lows, particularly in tile matter qf their impermeability to air 
(29) • 

Based on this impermeability, tl.. ""jnduwB can be graded into 3 UNI clasB~E 
designated Al, A2, A3, to which PH" ITlBximum values of C listed in table 3 correspond 
(18,19): 

Tab le \ 

C (m3/hPan .m) J 
--

Al A2 A3 --
0.60 0.30 0.10 

To obtain the rate of Infiltrati,,'I" through all the windows, it 
would then be necessary to multi,oIy the result in (8) by the length of the 
aperture. 

Q = O' • L (10) 

Similarly, the losses through a will component permeable to air may be calculated 
(an outer wall, for example), by jilt roduclng the coefficients of flow and the area 
of the wall component into relatl-1I1 (8) and into the followiVg one: 

Q:Il'.A (11) 

We give below in table I.j the valu/"Ii of the flow coefficients C deduced from 
the (available) literature, for ~lIme walls: 



Table 4. 

Type o f  w a l l  o r  
s t r u c t u r a l  element 

ou te r  w a l l  o f  rendered 
(p las tered)  b r i  ckwork 
(31) 
o rd ina ry  br ickwork 
( 3 1 )  
double t imber wa l l  (31) 

1lned w i t h  b u i l d i n g  
paper and wood 

w a l l  o f  b r i c k s  and 
render i ng (16) 

Cornplete c a l c u l a t i o n  ..- example 

Assume, f o ~  ~xan lp le ,  t h a t  there  i s  a  4-storey b u l l d i t \ g ,  o f  rec tangu lar  p l a n  
(h z 14 m, 1 r ?O 111, w = 10 m), s i t u a t e d  i n  Tur in ,  c>n the o u t s k i r t s  (d  = 400 m, 

f s  = l /a.5) , w l  t h  tlir l ong wa l l  i n  t h e  SW-NE d i  r e c t l  on ( i  .e. s e t  a t  an ang le  
of 315 i n  r r l a t f o n  t o  ~ o r t h ) .  The i n s i d e  temperature i s  mainta ined a t  20°c. 

Th i ckness (m) 

0.40 

0.065 

0.124 

Moreover, * * I I<  Ilou1.1y temperature values, wind d i r r c t i o n  and v e l o c i t y  and, possibly,  
pressure a .  .* CII~XJII, among o ther  th ings  (otherwise 11 105 pa i s  assttmed), as mea- 
sured a t  t Y . r  At- ronaut ica l  Meteorolc ig ical  S t a t i o n  v f  Casel le  ( r u r a l  values: ds = 
280 m, Bs : 1 / 7 1 ,  
The e f f e c t t  of the  a i r  permeabi l i t y  of t h e  o u t e r  w a l l s  a re  disregarded. A t  a  
p a r t i c u l a r  I inle, t h e  f o l l o w i n g  values preva i  1: 

n 2  (m3/h.Pa m ) 

0.063 

0.001 

0.077 

0.22 

t i m e  t 
t .  

d * s  P 

1 

The i n t e n t l o r t  i s  t c )  c a l c u l a t e  t h e  r a t e  of i n f i l t r a t l o n s  by the  cornbined a c t i o n  
o f  t he  wi ntl and t he  s tack  e f f e c t  through a  window o f  t he  type U N I  A1 t o  2  leaves 
(1 -20 x 2.00 m), i n s t a l l e d  i n " a  room ( 4  x .4 x 3 m) on the  f o u r t h  storey,  
fac ing the  lorlg w a l l  $0 the  south eas t  i.e. a t  an angle o f  135O in r e l a t i o n  t o  north
always i n  I 11i .  cloclcwl se d i  rec t  ion; 

The averagt l le igh t  o f  the  storey i s  t h e r e f o r e  z = 1 4 / 4  x 3 + 1.5 = 12 m. 

1) Calcula l  i o n  o f  v  : z 
From (1) :  v ,  = 3.5 (280 /10 ) "~  (12/400) 113.5 = 0.551 x 3.5 = 2.1 m/s. 

2) Cal cu l  a i  l on o f  4 p : 
W 2  From (4) : f ' l~W = C . 0.647-dZ. 

P 
From tab 1 e  2 ,  s  i n t e  1 /2  4 h/w < 3/2, 3/2 < l / w  c4 and s ince a.i(s6s.f ig. 2) is equal t o  
75', t h e  vislue. o f  Cp through w a l l  B i s  obta ined:  
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Type of wall or Thickness (m) C n 2 
s t ructura 1 e 1 emen t (m3/h.Pa m ) 

outer wall of rendered 
(plastered) bri ckwork 
(31) 0.40 0.063 

ordinary brickwork 
(31) 0.065 0.001 

double timber wall (31 
lined with building 0.124 0.077 paper and wood 

wall of bricks and 0.22 
render i ng (16) 

Table 4. 

Complete cn)culatlon example 

Assume, fOl f>xample, that there is a 4-storey building, of rectangular plan 
(h : 14 m, I • 10 mt w = 10 m), situated in Turin, on the outskirts (d = 400 m, 
I; II 1/~.5). with the long wall in the SW-NE direction (I.e. set at an angle 
of 315 in Iplatton to North). The inside temperature is maintained at 20°C. 

Moreover, It II' hourly temperature values, wind dl rf'ct ion and veloci ty and, possibly, 
pressure Cl'·' ~1lC)\.m, among other things (otherWise., • 105 pa I" ~ss"med), as mea-
sured at t!,r Ai·ronautical Neteorolci>gical Station vf Caselle (rural values: ds = 
280 m," ~ 1/7). , s 
The effect! of the air permeability of the outer walls are disregarded. At a 
particular t Illle, the following values prevai 1: 

time t 
f.' 

d 'lI s p 

3.5 m/s 105 pa 

The intent 11111 1& to calculate the rate of infiltrations by the combined action 
of the wind and the stack effect throuqh a window of the type UNI A1 to 2 leaves 
(1.20 x 2.00 rn), installed in"'a room (4 x -4 x 3 m) on the fourth storey, 
faci ng the long wall to the south east Le. at an angle of 1350 in relation to north
always in II", clockwise direction: 

The averag, Iwlght of the storey is therefore z = 14/4 x 3 + 1.5 : 12 m. 

1) Cal culat Ion of v : z 
( ) 3.5 (280/10) 1/7 ( 4 )1/3 •5 1 From 1: v = 12/00 = 0.59 x 3.5 = 2.1 mise 

'Z 

2) Ca I cu I a i I on of A p : 
w 2 

From (4): 14 I' = C • 0.64711 • w p z 
From table 2, since 1/2< h/w < 3/2,3/2< l/w <4 and since ~Aseeci:fig. 2) is equal to 
750

, the Viii ue of Cp' through wa 11 B is obta i ned: 

Cp _ 0.2~/90 - 0.3 = -0.2·75/90 - 0.3 • -0.47. 



By introducing this value into (4), the following is obtained: 

Apw = -0.47 . 0.647 . 2.1' = -1.3 pa 

A 3) Calculation of PC: 

From (6) : 

A PC 0.0342 py (1/(273 + te) - 1/(273+tl)) = - 4.3 pa 
where: 

5 p = 10 pa y = 7 - 1 2 = - 5 m  
0 & = O r ;  ti = 20'~. 

4) Calculation of the rate of infiltrations: 
4 p i b p w + d p c = - 5 . 6 p a  from(9) 

Ql =  CIA^^ 
Since C, for i  UNI-A1 windows, is equal to 0.6 and n = 0.65, the following is 
found : 

Q' = 0.6 (5.6) 0*65 = 1.84 m3/h . rn 

For .. t.hc wl ndow exanii ned: 

L = 2.00 x 2 + 1.20 x 2 + 2.00 = 8.40 m

And finally, for (10) : 

Q = Q ' a L  r 1.84 . 8.4 = 15.44 m3/h. 

Since the Intention is to evaluate the losses due to infiltrations in (atmospheric 
volumes)/hour, the fol lowing is obtai ned: 

V =  4 x 4  x 3 x48.m3 

Fig. 2. 
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By introducing this value into (4), the following is obtained: 
2 ~pw = -0.47 • 0.647 • 2.1 = -1.3 pa 

3) Calculation ofApc: 
From (6) : 

Apc = 0.0342 py (1/(273 + t e) - 1/(273+tl» = - 4.3 pa 

where: 

p = 105 pa y = 7 - 12 = - 5 m 
o 

1:e=OC o 
ti = 20 C. 

4) Calculation of the rate of infiltrations: 
Ap :b, Pw + Apc = - 5.6 pa from (9) 

QI = cia pin 

Since C, 
found: 

foc UNI-Al windows, is equal to 0.6 and n = 0.65, the following is 

QI ~ 0.6 (5.6)°·65 = 1.84 m3/h • rn 

for _ t.he wi ndow exam! ned: 
L = 2.00 x 2 + 1.20 x 2 + 2.00 = 8.40 

And finally, for (10) : 
Q. QI.L = 1.84 • 8.4 : 15.44 m3/h. 

Since the Intention is to evaluate the losses due to infiltrations in (atmospheric 
volumes)/hour, the following is obtained: 

V = 4 x 4 x 3 x 48. m3 
Q • 15.44/48 • 0.32 V/h. 

Fig. 2. 



Symbo 1 s 

d t h  i ckness o f  t he  boundary 1 ayer, (m) ; 

z he igh t  f r o m t h e  ground o f  t h e  area considered (m); 

z he igh t  f rom t h e  ground o f  t h e  anemometer, (m); 
S 

6 c h a r a c t e r i s t i c  index o f  t he  boundary layer ;  

Vi l o c a l  wind v e l o c i t y  a t  he igh t  z, (m/s); 
vs meteorological  b i n d  v e l o c i t y ,  (m/s) ; 

h he igh t  o f t h e  bui l d ing ,  (m) ; 

w w i d t h  o f  t h e  b u i l d i n g ,  (m); 

1 l eng th  o f  t h e  bu i  l d ing ,  (m) ; 

y d is tance  f rom t h e  s t o r e y  under cons idera t ion  :o t h e  neu t ra l  
plane, (m); 

z he igh t  f rom t h e  ground o f  t h e n e u t r a l  plane, (rn); 
Pn 

p weight pe r  uni t o f  volume, (kg/m3) ; 
C p ressure  c o e f f i c i e n t ;  
P  

C',, p ressure d i f f e r e n c e  c o e f f i c i e n t ;  

p  atmospheric pressrue, ( ~ a )  ; 

p i  i n t e r n a l  pressure, (pa) ; 

pw pressure o f  t h e  wi nd on t h e  w a l l ,  (pa) ; 

P p pressure d i f f e r e n c e  between i n s i d e  and outs ide  due t o  thc  t i lnck e f f e c t ,  (pa); 
C 

4 p  d i f f e r e n c e  between i n t e r n a l  and ex te rna l  prei;ure due t o  l he cornbl ned e f f e c t  o f  
t h ~  wi nd and s tack  e f fec t ,  (pa) ; ., 

te outs i de temperature, (OC) ; 
t. i ns i de temperature, (OC) ; 

I 

n f 1 OW exponent 
n 2 C f low c o e f f i c i e n t  (de f ined i n  t he  t e x t ) ,  (1n3/h.~a"rn) o r  (n!j/h . pa rn ) ; 

Q' u n i t  a i r  f l ow- ra te ,  (m3/h.m) o r  (m3/h.m2); 

Q a i  r f low-rate, (m3/h) ; 

L l e n g t h  o f  the  equ iva len t  crack (opening), (m) 

A area o f  t h e  w a l l  ,component, (rn2) ; 

4 angle o f  inc idence o f  t h e  wi nd on the  w a l l ,  (degrees) ; 

angle o f  o r i g i n  o f  t h e  wind ( i n  t h e  clockwise d i  r e c t i o n  f I ~ ~ I I I  t h e  North),  (de- ' ' degrees) ; 

B i  b l  iography 

( 1 )  Wilson, A.G.,  Sasaki, J.R. - Evaluation o f  window per fon~i .nce - DBR Technical 
Paper, n.414 
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Symbols 

d thickness of the boundary layer, (m); 
z height from the ground of the area considered (m); 
z height from the ground of the anemometer, (m); s 
B characteristic 1ndex of the boundary layer; 
vi local wind velocit~ at height z, (m/s); 
Vs meteorological wind velocity, (m/s); 
h height of the bui ldi ng, (m); 
w width of the building, (m); 

length of the bui lding, (m); 
y distance from the storey under consideration to the neu~ral 

plane, (m); 
z height from the ground of the neutral plane, (m); pn 
f weight per unit of volume, (kg/m3); 
C pressure coefficient; 

p 
C1 p pressure difference coefficient; 
p atmospheric pressrue, (pa); 
Pi internal pressure, (pa); 
Pw pressure of the wind on the wall, (pa); 
~ p pressure difference between inside and outside due to th~ ~IHck effect, {pal; c 
IJ. p di fference between internal and external pres·sure due to I he comb I ned effect of 

~h~ wind and stack effect, (pa); 
t outside temperature, (OC); e 
t. inside temperature, (oC); 

I 

n flow exponent 
C flow coefficient (defined in the text), (m3/h.panm) or (nd/h . panm2); 
QI unit air flow-rate, (m3/h.m) or (m3/h.m2); 
Q airflow-rate, (m3/h); 

L length of the equivalent crack (opening), (m) 
A area of the wall.component, (m2); 
~ angle of incidence of the wind on the wall, (degrees); 
q> angle of origin of the wind (in the clockwise direction fllllil the North), (de-

• degrees) ; 
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