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THE NEED FOR IFIPROVED AIRTTGilTNES5 I N  RUICDINGS~ 

by 

G.O. Wandegord 

Infiltration and exfiltration cf a i r  through t h e  building envelope 

has come to be accepted as an inerinsic feature o f  a building; i n  

residential construct ion some regard I t  as necessary f o r  t h e  propeT 

v e n t i l a t i o n  and operation of t he  house. In con t r a s t  to these attitudes, 

it is suggested t h a t  air leakage wastes heat and is detrimental t o  the 

performance of a building. 

A i r  leaking i n t o  a building cannot be treated or conditioned nor 

can its r a t e  of supply o r  distribution to the occupied space be 

controlled. Attempts to do so by intentional pressurization of t h e  

building results in grea te r  waste of energy and promotes increased 

condensation and thus deterioration of  the building f a b r i c .  A i r  

leakage through a bu5lding envelope, and between building compartments, 

can a l so  disrupt the intended operat ion of h e a t i n g ,  ventilating and 

air-conditioning systems and places limitations on t h e  control of noise ,  

f i r e  2nd smoke. 

A i r  Leakage in Buildings 

A i r  leakage occurs as a result of a i r  pressure differences created 

by f a n s ,  wind, and stack effect  across unintentional openings in the 

building envelope [ I ) .  L i t t l e  can be done to change the pressure 

differences resulting from na tu ra l  climatic factors and pressure 

'k 

T h i s  r e p o r t  was presented at t h e  Engineering Foundation Conference on 
Ventilation vs Energy Conservation in Buildings, Henniker ,  NH, J u l y  1977,  
and will be included i n  t he  proceedings of t h a t  conference, to be 
published by t he  National Bureau of Standards as an NBS Special P u b l i c a t i o n .  



differences created by mechanical systems are required fo r  a i r  

d i s t r i b u t i o n  within t h e  bui ld ing .  Thc most direct  approach is to 

reduce t h e  number o f  openings through any s t ruc tu ra l  barriers by the 

dcvelopmcnr and application of appropriate building dedails and 

construction practices. The objective should be to provide as airtight 

an enclosure as i s  possible and to provide the fresh air and exhaust 

~equ i semen t s  of the occupancy by a separate ventilation system or 

systems capable of adjustment, control, or adaptat ion to meet t he  

spec i f i c  needs of the occupants. Such an arrangement is a l so  necessary 

f o r  hea-t: recovery and it may be advisable to arrange i n l e t  and exhaust 

systems in close proximity t o  each other in order to simplify heat 

exchange. 

The d i r e c t  energy cos ts  fo r  heat ing,  cooling, humidifying, o r  

dehumidifying t h e  air leaking into a building have long  been recognized. 

Many of t h e  methods for estimating t h e  air leakage rate are related to 

d e s i g n  calculations. These estimates, however, are based on extreme 

conditions for purposes of ensuring an adequate maximum capacity of the 

room heating o r  cooling unit. To obtain a more accurate predict ion,  

the methods f o r  estimating the seasonal air leakage energy load must 

t ake  i n t o  account the  influence of location, s i z e  and d i s t r i b u t i o n  of 

the  a i r  leakage openings, the var ia t ions  in wind-induced pressures in 

space and time and the simultaneous pressure differences created by  

stack effect and air handling systems. 

Laboratory t e s t s  on prefabricated structural elements can be made 

and f i e l d  measurements employed t o  determine the a c t u a l  leakage 

characteristics of buildings and structural elements in place. The - 
necessarily complex calculations can be made by using computer models. 

The fact remains, however, t h a t  t h e  only way t h i s  energy component can 

be lessened is by reducing t he  s i z e  o r  number of leakage openings. 

It is important ,  t he r e fo re ,  t o  identify where these  openings occur and 

what changes-in details, materials and construction practices can be 

employed to achieve a mare a i r t i g h t  barrier. 



Air Leakage Paths  and Openings 

There has been a general tendency t o  assume that leakage through 

the building enclosure occurs  pr imar i ly  at doors and windows where 

v i s i b l e  j o in t s  occur. The ASHRAE Handbook of Fundamentals provides 

in format ion  on a i r  leakage through frame and masonry walls a?rd takes 

i n t o  account  cracks such as thasc between t h e  frame of a window or door 

and the wall construction in which it i s  installed. 

S t u d i e s  undertaken on 6 houses i n  Ottawa, Canada, demonstrated t h a t  

t he  leakage openings contributed by windows and doors constituted only 

about  o n e - f i f t h  o f  t h e  t o t a l ;  leakage through t h e  ceiling and ou t s ide  

walls ranged up to 70% o f  the t o t a l  ( 2 3 .  Studies on larger buildings 

have shown t h e  actual overall leakage rates t o  he far above t h a t  

specif ied by an i n d u s t r y  standard f o r  curtain walls ( 3 3 ,  

The i n v e s t i g a t i o n  of a i r  leakage paths in actual buildings has 

been o f  special concern in Canada ever since air leakage was recognized 

as the most serious contr ibutor  t o  difficulties in buildings caused by 

co ld  we at he^ condensation. The provision of an a i r  b a r r i e r  or an a i r  

and vapaur barrier combined has been stressed both from a standpoint of 

condensation prevention and as a feature of the design of  building walls 

to control ra in  penetration. The r o l e  of srack ef fec t  has also been 

emphasized since,  in contrasc to wind, it provides a continuous fo rce  

dur ing  she  c o l d  weather to move mois t  air outward through t h e  upper 

portions of a building. 

In wood-frame residential buildings condensation in roof spaces is 

thc most common problcrn as t h c  main  paths f o r  a i r  lcakagc arc through 

partition walls into t h e  a t t i c  spacc (4 ) .  These par t i t ions  effectively 

constitute f lues  f o r  upward a i r  movement under the action of stack 

effect  in winte r .  Construction practices have resulted in many openings 

between the interior of such partitions and the at t i c  space. Shrinkage 

cracks between upper pla te  and wallboard and holes drilled through 

p la tes  to carry electrical wiring into the attic space fo rm the major 



leakage paths. Gaps around plumbing stacks can be i d e n t i f i e d  more 

readily and can be closed o r  sealed o f f .  

Measures t o  Reduce A i r  Leakage 

Measures to reduce air leakage through ceilings in wood-frame 

houses have been in t roduced by authorities in Canada (5). Central 

Mortgage and Housing Corporation now requi res  that vapour barrier  s t r i p s  

be placed over partitions and subsequently attached to the main vapour 

barsier to provide a continuous membrane. Holes around electrical 

w i r i n g ,  plumbing and chimneys must be adequately sealed. Electrical 

wiring in roof spaces is being discouraged and, as an alternative, 

furred spaces inward of rhc vapour barrier f o r  wiring in both walls and 

ceilings are being promoted. 

Air leakage through hollow concrete masonry walls is often much 

greater Than normally assumed. Upward leakage i n  the  cavity is not 

always adequately blocked and parallel, random air flow passages occur 

between gypsum wallboard f i n i s h e s  and t h e  block face (4) .  Because o f  

this, sheet f i n i s h  material cannot be regarded as an equivalent a i r  seal 

t o  site-applied plas ter  or heavy textured pa in t s  and mastics. 

In commorcial buildings the application of r i g i d  i n s u l a t i o n  and 

built-up roofing above t h e  roof deck results i n  fewer openings from the 

i n t e r i o r  of t h e  space i n t o  t h e  roof/insulation system. A c r i t i c a l  

location far leakage and condensation i n  such buildings is associated 

with the junction of wall and roof .  This  may be f u r t h k r  aggravated when 

dropped ceilings are provided f o r  service spaces and the exterior wall 

abovc t h c  ce i l ing  i s  l e f t  unplastered or is inadequately t reated with 

respect to airtightness. In some instances vertical service s h a f t s  

prov ide  passages f o r  unrestricted air  flow to this critical locat ion,  or 

into exterior walls (6) .  



Air leakage through e x t e r i o r  wal l s  can also occur where the  

s t r u c t u r a l  system o r  servfces penezrate The a i r  barr ier ,  o r  where 

j o i n t s  between dissimilar materials o r  components occur.  There often 

i s  a g r e a t  difference between the  construction details as developed 

on a designer's drawing board and t h e  result that occurs in the f i e l d .  

Masonry cannot be installed t i g h t l y  to s t ructura l  steel columns and 

beams. 

In principle, it is pre fe rab l e  to have the structural frame of a 

building inward and separate  from t h e  exter ior  wall system. The wall 

can then incorporate a more continuous s t r u c t u r a l  a i r  b a r r i e r  and be 

protected from t h e  f luc tua t ing  conditions of t h e  weather  by i n s u l a t i o n  

appl ied t o  the outside.  Exterior cladding is best applied following 

the  open r a i n  screen principle to control r a i n  penetration ( 7 ) .  

Considera t ion should also be given to allowing access t o  the  interior 

wythe and air barr ier  f o r  maintenance of the air seal  at j o i n t s .  

The deter iora t ion  of extcrior structural elements of a building and 

damage t o  the i n t e r i o r  th rough a i r  leakage and condensation have an 

important bearing on the operaring and maintenance costs and hence an 

the long-term energy economics. I t  i s  hoped that consideration of 

these matters migh t  change current  "first cost" attitudes t o  the more 

realistic l i f e  cycle c o s t  approach. 

There  is also some meri t  i n  consider ing the improvement in 

airtightness of the i n t e rna l  floor systems, particularly in high-rise 

b u i l d i n g s .  ? 'h is  w i l l  tend to redistribute t he  t o t a l  pressure dif ference  

duc to s tack effect  sa that t h e  pressure difference ac t ing  across t h e  

extcrior wall on each f loor is r educed .  Such an approach also has 

mcrir; i n  improving control of ventilation and a i r  handling and 

reduc ing  t h e  air circulation between occupancies on d i f f e r e n t  f loors .  

It shou ld  a l s o  make it much easier  to control  'smoke movement in buildings 

i n  t h e  case of  a f i r e  s i t u a t i o n  and enable a more equitable apportioning 

of cnergy  charges for space heat ing between individual units in apartment 

buildings. 



Conclusions 

Improving the airtightness of walls, windows, f loo r s  and roofs  is 

an e s s e n t i a l  s tep  toward energy conservation in buildings. Air leakage 

should never be re l ied  upon for  ven t i l a t ion  o r  air supply and exhaust 

b u t  should b e  recognized as an impediment to the proper operation and 

c o n t r o l  of v e n t i l a t i o n  systems. Specific ventilation systems should be 

required in all buildings l o  provide an adjustable or controllable rate  

of fresh air supply and exhaust with consideration given to t he  

inclusion of  energy recovery methods. 

Efforts should be made t o  detrclop construction de ta i l s ,  

arrangements of materials and construction methods that will result in 

walls, windows, f loo r s  and roofs being more airtight with provision 

made for intentional and controllable vent i la t ion  openings through t he  

components where necessary. If this is achieved, not  only will 

optimum opera t ion  of t h e  building be more readily attained, but it will 

be easier to evaluate the ac tua l  air Peakage characteristics of t h e  

completed building, easier t o  monitor t h e  energy associated with 

ventilation, and easier to predict performance more accurately under 

an t i c ipa t ed  climatic conditions. 
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