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AIR LEAKAGE TESTING 

by 

J. R, Sasaki 

An apparatus  and the technique for  determining the a i r  leakage 
performance of a wall ,  window o r  door under laboratory conditions a r e  
available;  they a r e  set  out in ASTM te s t  method E 283.  In i t s  s implest  
configuration, the t e s t  apparatus  consis ts  of an a i r t ight  chamber  that  i s  
sealed against  the t e s t  specimen,  and a blower that supplies a i r  to  the 
chamber  through a flow m e t e r  (Figure  1) .  

Ai r  i s  supplied to  the chamber  a t  a r a t e  sufficient to  maintain  a 
specified s ta t ic  a i r - p r e s s u r e  difference a c r o s s  the specimen. Neglecting 
extraneous leakage f rom the chamber ,  the a i r  leakage through the 
specimen a t  the specified p r e s s u r e  difference i s  equal to the a i r  flow 
m e a s u r e d  by the flow m e t e r .  The measu red  a i r  leakage for  openable 
windows and doors  i s  usually expressed  in t e r m s  of the length of c r a c k  
around the pe r ime te r  of the openable s a s h  o r  door panel. Leakage through 
a wall  i s  expressed  in t e r m s  of the over -a l l  wall a r e a .  

The actual details  of t e s t  apparatus  meeting the intent of the t e s t  
method va ry  considerably f r o m  the foregoing simple descr ipt ion,  All  
appara tus ,  however,  have these essen t ia l  features:  an a i r - t ight  chamber;  
a flow m e t e r ;  an  a i r  -flow generator ;  and, a manometer .  

Before discussing the u s e s  and l imitations of th i s  t es t  method,  i t  
might be helpful to  f i r s t  review the implications of a i r  leakage on the 
performance of a building, and to  descr ibe  the fo rces  causing a i r  leakage.  

AIR LEAKAGE 

Air  leakage i s  the uncontrolled flow of a i r  that  occurs  between the 
outdoor and indoor environments through the building envelope, that i s ,  
through the wal ls ,  windows, doors  and roof. Both infiltration (the a i r  
flow in t o  the building) and exfiltration (the a i r  flow out of the building) 
affect comfort  conditions inside the building and the durabil i ty of the 
building envelope i tself .  

A i r  infi l trat ion inc reases  the heating load of a building in winter 
and the cooling load in s u m m e r  (1) .  A reasonably accurate  es t imate  of 
the a i r  t ightness  of the building envelope i s  required,  therefore ,  to  
determine the proper  s ize  of the heating and cooling equipment, Infiltration 
of cold, d ry ,  outdoor a i r  in winter tends to  reduce the indoor relative 
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humidity below that des i red  for  occupant comfort ,  and produces uncom- 
fortable draf t s  on occupants situated adjacent to the leakage locations. In 
addition, cold a i r  infiltration reduce s the inside surf ace temperature of 
the building envelope and this  can produce surface condensation and 
uncomfortable radiation conditions. Air  infiltration also introduces 
contaminants such a s  smoke, soot, dust and odours into the building. 

It m u s t  be recognized, however, that not a l l  a i r  infiltration i s  bad. 
In buildings without mechanical ventilation, infiltration i s  one of the 
p r imary  mechanisms for  removing odours and excess  mois ture  f rom the 
occupied space. Walls and windows in such buildings, therefore,  do not 
require  perfect a i r  tightne s s ,  but do require  some limiting leakage 
charac ter i s t ic  that will allow the required a i r  change without producing 
excessive heat loss  o r  discomfort.  

The exfiltration of moist  indoor a i r  in winter often leads to in t e r -  
s t i t ia l  condensation within the elements of the building envelope. A 
visible example of this  i s  interpane condensation in openable double 
windows. Inters t i t ia l  condensation within the hidden pa r t s  of a wall o r  
roof can be even m o r e  ser ious since i t s  occurrence m a y  not become 
apparent until severe  deterioration has occurred.  

A grea t  deal of attention has recently been focused on building a i r  
t ightness because of i t s  effect on f i re  safety in high-r ise  buildings. The 
a i r  leakage charac ter i s t ic  of the building envelope affects the movement of 
a i r  inside a building and th is ,  in turn,  affects the spread of smoke during a 
f i r e .  Many of the methods being considered for  controlling smoke movement 
in high buildings, especially those utilizing the buildingFs own mechanical 
ventilation sys tem,  require  an accurate  est imate of building a i r  tightnes 5 .  

A building designer ,  therefore,  de s i r e s  not only a building with 
maximum a i r  t ightness,  but a lso a method for  predicting the a i r  tightness 
of the completed building. ASTM tes t  method E283 i s  one of themeans  
available fo r  achieving these aims.  

PRESSURE DIFFERENCE 

The p res su re  difference that causes a i r  leakage in a building can 
resu l t  f rom a number of fac tors ,  the main  ones being wind action on the 
building, a tempera ture  difference between inside and outside a i r ,  ar." 
the operation of the building mechanical ventilation system. 

Wind action on a building produces positive p r e s s u r e s  on the wind- 
ward faces of the building causing infiltration, and negative p res su res  on 
leeward faces causing exfiltration, The magnitude and distribution of 
the p res su re  differences depend on the direction and speed of the wind, the 
influence of t e r r a i n  and surrounding buildings, and the height and shape of 
the building. It should be noted that a i r  leakage, unlike s t ruc tura l  integrity, 
does not affect the safety of either the building or  i t s  occupants, except in 



case  of f i r e .  The a i r  leakage exper ienced under  s h o r t - t e r m  maximum 
wind conditions i s ,  t he r e fo re ,  not usual ly  important .  Of g r e a t  impor tance ,  
however,  i s  the  leakage exper ienced under  wind conditions that  occur  
m o r e  f requent ly  and fo r  longer per iods .  F o r  m o s t  buildings, wind 
speeds  in e x c e s s  of 25 m p h  do not significantly affect a i r  leakage 
prob lems .  

A t empera tu r e  di f ference between indoor and outdoor a i r  produces  
a p r e s s u r e  di f ference a c r o s s  the building envelope called chimney o r  
s tack  effect ,  and i s  the s a m e  mechan i sm that  p roduces  a d ra f t  in a 
chimney. Th i s  a i r  p r e s s u r e  difference i s  a function of the building height 
and the  magnitude of the t empe ra tu r e  di f ference between indoor and 
outdoor a i r .  

F o r  example ,  a 25-s torey heated building exposed to  an outdoor 
a i r  t e m p e r a t u r e  of 1 5 ° F  can exper ience an inward p r e s s u r e  di f ference 
equivalent t o  the  stagnation p r e s s u r e  of a 20 -mph wind a t  the bottom of 
the  building. A corresponding outward p r e s s u r e  di f ference causing 
exfi l trat ion occu r s  a t  the top of the  building. Stack effect can,  t he r e fo re ,  
be a m a j o r  m e c h a n i s m  f o r  a i r  leakage in h igh- r i se  buildings exposed 
t o  s eve re  win te r  conditions. 

Stack effect i s  d ramat ica l ly  i l lus t ra ted  in a mu l t i - s t o r ey  building 
with operable  double windows. In cold wea ther ,  windows in the upper  
s t o r i e s  will exper ience in terpane condensation due t o  exfi l trat ion of 
indoor a i r ,  while those in the  lower s t o r i e s  wil l  be f r e e  of condensation 
because  of the  infi l trat ion of d r y  outdoor a i r .  Stack effect i s  a l so  a 
p r i m a r y  cause  of roof condensation in houses  in  cold wea ther .  The 
s tack  action induces the  flow of mo i s t  indoor a i r  f r o m  the occupied space 
into the  cold a t t i c  where  i t  condenses.  

The a i r  p r e s s u r e  di f ference produced by the mechanica l  vent i la-  
t ion sy s t em depends on the  a i r  t ightness  of the building and on the 
imbalance between the  supply and exhaust  fans .  Building des igne r s  at 
one t ime  sought to  p r e s s u r i z e  buildings mechanical ly  in an effort  to  
reduce a i r  leakage into them.  This  p r ac t i c e ,  however ,  i s  of doubtful 
value in  m o s t  cold -weather  regions s ince  building pressur iza t ion  will  
i n c r e a s e  the  exfi l trat ion of mo i s t  indoor a i r  and aggravate  the p rob lem 
of in te r s t i t i a l  condensation, 

Anyone intending t o  use  ASTM t e s t  method E283  should have some 
knowledge of the  f o r c e s  causing a i r  leakage in buildings since i t  i s  the i r  
responsibi l i ty  t o  specify, not only the l imiting value of pe rmi s s ib l e  a i r  
leakage,  but a l so  the p r e s s u r e  difference a t  which the a i r  leakage i s  to 
be m e a s u r e d .  

Adequate information can be obtained by tes t ing a t  one o r  both of 
two a i r  p r e s s u r e  d i f fe rences ,  depending on the intended use  of the e lement  
tes ted.  The air leakage of wal ls  and windows intended for  a low building 



in  a mode ra t e  wind region can be de te rmined  a t  a p r e s s u r e  di f ference of 
1. 56 psf,  the s ta t i c  p r e s s u r e  equivalent of a 25-mph wind. The leakage 
of wal ls  and windows intended for  a ve ry  high building in a cold-weather  
region o r  a high-wind region can be de te rmined  a t  a p r e s s u r e  di f ference 
of 6. 24 psf ,  the  s ta t i c  p r e s s u r e  equivalent of a 50-mph wind. The 
foregoing a i r  p r e s s u r e  di f ferences  a r e  used  throughout the  window and 
cur ta in  wal l  industry  f o r  tes t ing purposes  ( 2 ,  3 , 4 ) .  

USES AND LIMITATIONS O F  ASTM TEST METHOD E283 

A t e s t  method s i m i l a r  to  E283 has  been used  f o r  many  y e a r s  fo r  
determining window a i r  leakage per formance .  The method was used to  
r a t e  the leakage per formance  of a specific window against  an  a r b i t r a r y  
pe r fo rmance  level  contained in a window s tandard  o r  es tabl ished by 
those  request ing the t es t .  Method E283 i s  s t i l l  used  widely fo r  th i s  type 
of check on the  quality of the  design and manufacture  of fac to ry-assembled  
e lements  such a s  windows, doors  and cur ta in  wal ls .  

The o ther  m a j o r  u s e  of E283 i s  in prototype tes t ing of a wall-window 
sys t em intended for  a specific building. An air leakage t e s t  pe r fo rmed  on a 
prototype of a r e a l  wall  s y s t e m  will  indicate the leakage sou rce s  that  can 
occur  during i t s  f ield a s sembly ,  and will identify the  joints that  m u s t  be 
sea led  on qite. This  u se  of a l abora tory  t e s t  to  check the quality of the 
f ie ld  a s sembly  technique i s  a ve ry  powerful tool f o r  ensur ing  good a i r  
tightne s  s  of t  he completed building. 

The leakage r e su l t s  obtained f r o m  prototype tes t ing should not ,  
however ,  be mi sused  fo r  heating and cooling load calculations o r  fo r  
designing smoke  control  m e a s u r e s .  The re  i s  no guarantee  that  an a i r  
leakage value obtained in a l abora tory  t e s t  i s  represen ta t ive  of the a i r  
tightne s s  of the  complete building envelope,  and th is  i s  due to  the  
inheren t  l imi ta t ions  of the t e s t  method.  

A labora tory  t e s t  such  a s  E283 m u s t  be conducted on a re ia t ivel}  
sma l l  segment  of the  total  building envelope. T e s t s  a r e  r a r e l y  conductc.cl 
on spec imens  g r e a t e r  than 30 ft square  and a r e  m o r e  often pcrfornlc.d 
on much  s m a l l e r  spec imens .  A t e s t  specimen of l imi ted s ize  usually 
does  not include the columns and f loor  beams that  occur  in the building, 
The absence of these  s t ruc tu r a l  e lements  in the specimen i s  a r e a l  
deficiency s ince  it  i s  the in te r fe rence  of these  components that  can 
produce poor workmanship on s i te  and reduce the a i r  t ightness  of the w a l l  

and window e l emen t s  a s  ins ta l led in the building. 

Another shor tcoming of l abora tory  tes t ing i s  that  usually the t e s t  
specimen i s  re la t ively  new. The leakage values  obtained fo r  such a 
spec imen  cannot be expected to  indicate the leakage per formance  of the 
s a m e  spec imen  a f te r  it  has  aged in u se .  



The inabil i ty of l abora tory  t e s t  method E283 t o  duplicate o r  
account fo r  r e a l  workmanship and aging i s  the r ea son  why this  method 
should not be re l i ed  upon en t i re ly  f o r  predicting the in -use  a i r  leakage 
per formance  of wal ls  and windows. 

T h e r e  i s  another method f o r  predicting the a i r  t ightness  of a 
building, namely,  to  look a t  the leakage cha rac t e r i s t i c s  of different  
building envelopes obtained f r o m  t e s t s  per formed  on complete buildings. 
Studies of th i s  type have been conducted by the Division of Building 
R e s e a r c h  f o r  the pas t  few y e a r s  on a number  of mu l t i - s t o r ey  buildings ( 5 , 6 ) .  
The leakage cha rac t e r i s t i c  of the building envelope i s  obtained by 
p re s su r i z ing  the building with i t s  own mechanica l  ventilation sy s t em 
and then measu r ing  the air flow through the supply fan and the resul tant  
p r e s s u r e  d r o p  a c r o s s  the building envelope. 

In h igh- r i se  buildings, the leakage through the wal ls  of the 
mechanica l  equipment room and the f i r  s t  f loor lobby differ  substantial ly 
f r o m  the leakage through the  remaining wal ls .  DBR has  recent ly  
evolved a method that  p e r m i t s  leakage through non - r ep re  sentative wal l  
sect ions  to  be separa ted  f r o m  the to ta l  leakage,  the reby  yielding the 
leakage cha rac t e r i s t i c  of only the represen ta t ive  wall  -window section ( 7 ) .  
The r e su l t s  of leakage t e s t s  conducted in  th i s  manne r  on four buildings 
a r e  shown in Table I. The four  buildings had different  wall  des igns  but, 
unfortunately,  did not include a m e t a l  cur ta in  wall  sy s t em.  The buildings 
ranged in height f r o m  11 t o  22  s t o r eys ,  and had fixed glazed o r  s e m i -  
fixed window s ,  

The leakage values l is ted in Table I a r e  fo r  a p r e s s u r e  difference 
of 1. 56 psf ,  and a r e  only fo r  the represen ta t ive  por t ions  of the building 
envelope.  The leakage values  fo r  b r ick  wal ls  obtained in l abora tory  
t e s t s  ( l ) ,  and the l imiting leakage r a t e  recommended fo r  me ta l  cur ta in  
wal ls  by the National As sociat ion of Arch i tec tura l  Me ta l  Manufac ture rs  ( 8  1 
a r e  shown f o r  compar i son .  

The var ia t ion in leakage fo r  the four  buildings was  not l a rge ;  the 
highest  leakage was only twice the lowest r a t e .  The m e a s u r e d  values wrsre  
s i m i l a r  to  that  f o r  a plain b r ick  wall ,  but we re  much  higher than the 
National Associa t ion of Archi tectural  M e t a l  Manufac ture rs  l imi t  fo r  
cur ta in  wal ls .  

The leakages  m e a s u r e d  in the buildings we re  probably higher than 
the  leakages  that  would have been m e a s u r e d  in the l abora tory  on the samr 
wal l  s y s t e m s ,  due t o  the poo re r  quality of workmanship achieved on the 
buildings. One might even conjecture that  the  var ia t ion in leakage values 
found on the four  buildings was due a s  m u c h  to var ia t ion in workmanshi:2 
a s  i t  was  due t o  di f ferences  in wall des ign.  



SUMMARY 

It w a s  the  intention of th i s  pape r  t o  indicate the  u s e s  and 
l imi ta t ions  of the ASTM labora tory  a i r - l eakage  t e s t  method ,  E283. I ts  
p r i m a r y  u s e s  a r e  f o r  checking the  quali ty of des ign and manufacture  
of fac to ry-assembled  wal l s ,  windows and doo r s ,  and fo r  checking the 
adequacy of the technique used t o  ins ta l l  these  e lements  in  a building. 
Both of t he se  u s e s  a r e  intended t o  ensu re  max imum a i r  t ightness  of 
the  completed building. They a r e  not v e r y  well  suited,  however,  f o r  
providing the  building des igner  with quantitative a i r  leakage da ta  fo r  
calculat ing heating and cooling loads ,  o r  f o r  smoke con t ro l  des ign.  F o r  
these  pu rposes ,  a  m o r e  re l iable  e s t ima te  of the a i r  leakage c h a r a c t e r -  
i s t i c  of r e a l  wall-window s y s t e m s  might  be obtained f r o m  leakage s tudies  
pe r fo rmed  on completed buildings. 

REFERENCES 

1.  Handbook of Fundamenta l s ,  Amer i can  Society of Heating, Refr igerat ing 
and A i r  -Conditioning Engineers .  1972. 

2 .  Aluminum Window Standards  (63GP S e r i e s )  - Canadian Government  
Specifications Board.  

3. Specification fo r  Me ta l  Windows (SW 1-71) - National Associa t ion of 
Arch i t ec tu r a l  Me ta l  Manufac ture rs .  

4. Specifications fo r  Aluminum Windows (ANSI A134) - Archi tec tura l  
Aluminum M a n u f a c t u r e r s " ~  sociat ion.  

5. T a m u r a ,  G .  T.  , and A.  G .  Wilson. P r e s s u r e  Differences  f o r  a Nine- 
S tory  Building a s  a Resu l t  of Chimney Effect  and Ventilation Sys tem 
Operation.  T r a n s .  , A m e r .  Soc.  Heating, Refr igerat ing and A i r  - 
Conditioning Eng inee r s ,  Vol. 72, P a r t  1 ,  1966. 

6. T a m u r a ,  G.  T . ,  and A. G.  Wilson. P r e s s u r e  Differences  Caused by 
Chimney Effect in  T h r e e  Buildings. T r a n s .  , A m e r .  Soc. Heating,  
Refr igerat ing and Air-Condit ioning Engineers ,  Vol. 73, P a r t  11, 1967. 

7. Shaw, C .  Y. ,  D ,M.  Sander  and G. T .  Tamura .  A i r  Leakage M e a s u r e -  
m e n t s  of the E x t e r i o r  Walls of Ta l l  Buildings. P r e s e n t e d  t o  the Semi-  
Annual Meet ing,  A m e r .  Soc. of Heating, Refr igerat ing and A i r  - 
conditioning Eng inee r s ,  Chicago,  I l l . ,  29 J a n u a r y  1973. 

8. Meta l  Cur ta in  Wall Manual,  National A s  sociat ion of Arch i tec tura l  
Me ta l  Manufac ture rs .  1964. 



TABLE I 

AIR LEAKAGE RATES AT 1.56  sf 

2 
Wall Construction (out t o  in) Leakage ( c F M / ~ ~  ) 

(A) DBR Fie ld  Study 

Bldg 1: Concrete  - Tile - Insul. - space - 
Tile - P l a s t e r  

Bldg 2: Concrete  - Insul. 

Bldg 3: Steel  - Space - Insul. 

Bldg 4: Concrete  - Space - Insul. - P a r g e  - 
Block - P l a s t e r  

(B) ASHRAE Laboratory Values 

8 i "  Br i ck  Wall - Pla in  

8;" Br i ck  Wall - P l a s t e r  Inside 

(C) NAAMM METAL CURTAIN WALL STANDARD 
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A i r  L e a k a g e  T e s t  A p p a r a t u s  ( E283  1 
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