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ABSTRACT: A field study rvas carried out to evaluate the effectiveness of air leakage

sealing techniques for reducing air infiltration in houses. Presealing and postsealing air
leaka[e tests were performed upon 82 single detached houses. All of the houses were lo'
catedln Winnipeg 

-or 
southern Manitoba. a region with an annual degree day value (Cel'

sius) of about 5gOb. fne samole group consisted of 56 conventionally consrusted houses

of varying size. sryle. occupancy. and airtightness and 26 nons¡andard structures of

smaller but identical size and age. This laner group was Pan of the Flora Place project.

All houses were placed under a negative pressure, and leakage sites were identified

using smoke pencili. Windows and doors were weather-stripped and other unintentional

openìngs caulked and sealed using specified materials and techniques.
' 

Baseã upon the ¡esults of the study, the median reduction in airtightness of the conven'

tional structures, defined using the equivalent Ieakage area at 10 Pa (ELAt6), was 31.ó%

with significant variarions occurring both between houses of the same t-Ype and between

differeit types of construcrion. When the houses are examined in groups according to

type of construction. it is apparent that the grearc$ reduction in ELA (36'9%) was

ichieved in single-srory houses. Houses constructed in somewhat more complicated fash'

ion, such as split levels, exhibired less of a reduction. As a group, t\r,o'story houses showed

the leasr reduction (24.4To),likely due to the indirea leakage between floors that could

not be addressed properly. Wirhin any group. houses with inaccessible air leakage points.

such as in finisheà básement areas, showed the least reduction. The median reduction in
the ELAro for the Flora Place houses was 42'5%' again ulith significant variations be-

tween houses despite their near-identical construction'
Using the air leakage test data and a recently developed correlation model, an estimate

*"s muã. of the naturally occurring air infiltration rates for all the test houses. This anal-

ysis indicated thar the sealing produced a median reduction in the infiltration rate of
32.87o for the conventional houses and 46.I 9o for the Flora Place houses. Due to a lack of
equipment, tracer gas tests were not conducted to confirm these values.

-Note. 
hou,ever, that the results of this study likely are rePresentative of houses con'

structed onl¡'in Maniroba and possibl¡'in Saskatchewan and Alberta. Since houses in the

prairie prouin".t tend ro have lou'air-intil+rat'ion-råtes, the effects of air leakage sealing on

i,ous", ìn other pans of the country could be different from those found in this stud¡'.

rEnerg,v Engineer, ENER.CORP Energy S.vstems, Inc., Winnipeg, Manitoba, Canada

R3JIN6.
2Mechanical engineer, UNIES, Ltd., Winnipeg, Manitoba, Clnada
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Air Infíltration in Houses

Air infiltration genera
of the total heating load r resent a major component

its existing inrulution lev n the fype of structure and

much 
^, 

qo% of the annuat heating cost [/]. r" rhlT:l]'"ååî::li:ï:ï:
an unwelcome expense that must.bi met,.u.ryyear. To the nation, it repre-sents a significant comPonent of the countryi iot"l energy needs. As a result,
,air infiltration represents both an existingii"titity and a potential opportu-

osts. There is evidence I r] to ruipon the fact that
ate of a ne\il house to less than 0-.ã air changes perin the bu'dup of unacceptable levers of indoorpollutants.

Purpose and Scope

was carried out to determine the effec-
iques for reducing air infiltration in

Interpretation of Results

considerable volume of data was col-
lyzed with the most relevant informa-

study objectives. it was not considered
single parameter. Therefore, to assi
results, a few words of explanation ar

First' air infiltration and air leakage shourd be defined. within this repon,air infiltration is used to describe thã , ou.*nt of outdoor air into the inte-rior living space of the house occurrin

air movement is termed air erfiltration. Air leakage, on the other hand, isused to describe the movement of outdoor air into t¡re house due to the action

;:::::".1.:::,î'.î:"_:"!:: Tsurization) bù;;, used in an air reakage test.
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were conducted by pressurizing the houses. The accepted Canadian airtight-
ness testing standard procedure [3] requires tests to be performed only und..
depressurization conditions.

Airtightness (or air leakiness) generally is defined in terms of the equivalent
leakage area at 10 Par (ELAro). The primary value of such a parameter is thatit allows direct and easy comparisons of airtightness to be made between
houses since it is determined using standardizéd and accepted procedures.
'Prior to introduction of the ELAIg parameter, many air leakage test results
were reported in terms of the number of ACH at various indoòr-to-outdoor
pressure differentials (typically 4, 10, or 50 Fa). While these results had the
advantage of being easy to understand, they also were very prone to misinter-
pretation since man,v laymen thought they described the nàtural infiltration
rate. As a result, considerable confusion has occurred as to the actual air
infiltration rate of the typical house. To circumvent this problem, concensus
among those involved in air leakage testing in Canada has caused the adopta-
tion of the ELAto [3] approach to eliminate any misunderstanding. Á, 

"result, most air leakage tests, including those in this report. now are reported
in terms of the ELAro.

It also was recognized, however. that the ELA'6 does not provide explicit
information on the naturally occurring air infiltration rate, defìned as the rate
of air exchange resulting solely from natural forces and not from the depres-
surization blower used in the air leakage test. For energy-estimating pur-
Poses' knowledge of the air infiltration rate is, of course, éisential.

To provide this information, the air leakage test results were used to esti-
mate the natural air infiltration rate using a recently developed correlation
model [4]. Testingthis correlation on 25 hóuses in Canad..n¿ Sweden. this
model appears capable of predicting air infiltration rates within 

=2STo of.
measured values.

To assist the reader, it is suggested that the air leakage test results, ex-
pressed using the ELA¡0, be accepted as a means of comparing the ainight-
ness of houses both within this and other studies. The predicted air infiltra-
tion rates. on the other hand. should be used to betrer ãppreciate the actual
effects of air infiltration produced under natural conditions, acknowledging
the accuraci'limitations of the infiltration model. The ability of the model to
predict an infiltration rate not only is dependenr upon a properly conducted
air leakage test but is also dependent on the outdoor temperature, wind speed
and direction. degree of shielding, and the correct calculation of the condi-
tioned volume within the building envelope.
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Fundamentals of Air Infilhation

Causes of Air Infihration

Air infiltration is caused by pressure differentials which exist across the
house envelope and result in the uncontrolled movement of outdoor air into
the structure. These pressure differentials can be produced by three diflerent
driving forces;

. Stack effecr,

. Wind action.

. Exhaust fanlventilation system operation.

Stack Effect-Since indoor and outdoor air are at different temperatures
during the heating season, their densities and, resulting buoyancies will be
different. In the winter months, these buoyancy differentials creare negative
indoor-to-outdoor Pressure differentials over the lower portions of the house
envelope and positive pressure differentials over the upper ponions. As a
result, the stack effect attempts to induce infiitrarion across the lower por-
tions of the envelope and exfiltration over the upper ponions.

Wind Action-The most obvious effects of wind action are well understood
by most peopie. The wind biowing against a srrucrure creares a pressure force
on the windward side and a suction force on the leeward side which, if the
walls contain any holes or cracks, causes air infiltration on the windward side
and air erfiltration on the leeward side. In practice. the subtle dynamics of
wind flow around buildings is considerably more complex. Distortions to
these flow patterns caused by turbulence from adjacent sriuctures, trees, etc.,
can result in air infiltration/exfiltration forces markedly different from those
anticipated.

E-thaust Fan/Ventilatio n System O p er ation 
-Mechanical exhausr systems

such as bathroom fans and dryer exhausts remove air from the building at
high flow rates which may induce air infiltration over the entire house enve-
lope. Because these systems are run intermittently, their contribution to the
ELA and the predicted infiltration rate has not been included. Only uninten-
tional openings in the building envelope,¡¡ere included in the air leakage tests.

The net pressure differential to which a house is exposed to and hence the
net air infiltration that it experiences at any time will be the algebraic sum of
the three driving forces just described. It is obvious that the pressure differen-
tials and resulting air infiltration rates will vary throughout the year with out-
side temperature, rvind speed and direction, and e.rhaust fanlventilation sys-
tem operation. In general, however, the average indoor-to-outdoor pressure
differentials e.xperienced by a house during winter operation generally will be
less than 5 Pa [5].

1

2

3
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Sources of Air Infiltarion/Exfíltration

Th'e locations of the most common sources of air infiltration in a conven-
tional house are shown in Fig, I t6l. Contrary to popular belief, windows and
doors are not the major sources, usually contribùting only about ZS% of the
total. Rather, joints beween the main walls and the floor system, electrical
outlets on exterior walls, and ceiling penetrations for light fixtures, attic
hatches, partition walls. and plumbing fixtures constitute the major infiltra-
tion/exfiltration paths.

Most of these cracks, gaps, and holes are "built into" the house during its
construction. With lower energJ prices, few builders felt the need to take ipe-
cific measures to control àir intiltration.

\

Effects of Air Infíltration

Uncontrolled air infiltration has several effecrs upon the operation and use
of a house. The first and most obvious is increaseO treating costs. Any air
which enters the building, beyond that required for respiration, furnace oper-
ation, and humidilv/air pollutant control, represents an additional and un-
necessary heating load- In aimost all older stuctures, the ouantity of outdoor
air delivered by air infiltration exceeds thar which is requi ràdlZl, ä value gen-
erally agreed to be about 0.s AcH [d]. This explains, for.*"rnfle, .ohy most
older homes suffer from dry air durin¡ the winter months.
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Air infiltration also can affect the comfort level of the house, as uncon-
trolled drafts can cause discomfort and chills. Cold drafts also can increase
the heating bill beyond that actually necessary to warm outdoor air by causing
the occupants to become "thermostat jockies," pushing up the thermos¡at
selting whenever they feel a chill. In extreme cases, air infiltration coupled
with a poorly balanced heating system can cause some rooms of a house to
become virtually uninhabitable during the winter months. For these reasons,
many homeou'ners regard the degradarion of indoor comfort levels as the
most serious consequence of air infilt¡ation.

The movement of warm, moisture-laden air outwards through the building
shell due to exfiltration forces is responsible for the third majoi effect. As this
air exfiltrates through the (colder) sheil, its temperarure drops, and conden-
sation can occur [9]. If this moisture is not removed by evapõrarion or subli-
mation, it ma.v lead ro wetting of insularion and srrucrural elements. Many of
the insulations found in older houses are yulnerable to moisrure damage,
which may cause sertling and reduction in their effecdve thermal resistance
[9]. If the moisture content of wood is raised above approximarely 20To ¡or
extended periods of rime (roughly two months) and appropriate temperanrres
are maintained. wood rot also may occur. Interior tiniitreã surfaces, particu-
larly ceilings. also are vulnerable to moisture d,amage. Ceiiing staining caused
by moisture accumulation in the anic is common in some houses, and,, in
exrreme cases. complete collapse of large secrions of the ceiling can occur
within a few years [9].

Although some sources have suggested thar many exisdng homes, even af-
ter having been air sealed, are supplied wirh sufficienr oursiãe air for ventila-
tion and combustion purposes through infiitration [7]. this mechanism
should not be relied upon to supply air required for rhese purposes. A stuöy
U}l of 100 homes across Canada with suspecred venring iroUt.*r revealed
that about 40% actually did have problems that requireðsõme form of reme-
dial measures. It is possible that these problems could be aggravated. if homes
are sealed without addressing ventilation and combustion air supply.

In view of the experience level that some air sealing contractors have
achieved during the past four or five -years, it is recommended that every ma-
jor combustion appliance be equipped with its own ourside air supply. regard-
Iess of the amount of air sealing undertaken. An ever-widening range of prod-
ucts is oow ¿v¿ilable [//], and a commitcee. under the sponsorship of ttre
Canadian General Standards Board (CGSB), has been formed which has
been given the responsibility of developing a procedure to permit a contractor
to determine what additional ventilation air quaniities, if anv, are required
after a house has been air sealed.a

¡Private communication, Bruce Fulcher. ENER-CORP Management. Lrd., April l9ó4.
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Description of the Air Leakage Testing Program

Oveniew

To evaluate the effectiveness of anti-air infiltration measures, presealing
and postsealing air leakage tests were performed upon 82 houses in the Win-
nipeg or southern Manitoba areas.

Houses were selected from customers obtained in the normal course of
business. These customers could be characterized as either homeowners who
perceived the need for air sealing or who ,were convinced of its merits by an
energy consultant. ì.

In general these measures included:

1.' Weatherstripping of :

(a) Exterior doors.
(b) Windows.

2. Caulking and sealing of:
(a) Exterior doors.
(b) Windows.
(c) Electrical plugs and switches on erterior walls.
(d) Ceiiing lights and electrical openings in the attic.
(e) Plumbing stacks, vents, and ducts passing through attics.
(Í) Fireplace and furnace chimneys in the attic.
(g ) Cracks along interior partitions.
(h) Anic hatch.
(t) Cracks between concrete walls and subfloor.

U) Floor joist aÍea,.

(/c) Perimeter or milk, mail, and coal chutes.
(l) General cracks and openings in walls (not including basement walls).

After completion, a second air leakage test was performed.

Air Leakage Test Procedure

The procedure used for conducting the air leakage tests was based upon the
draft of a standard specification currently being developed by the CGSB [-î].
At the time of writing, the standard was in its eighth draft and will be identi-
fied on finalization as CAN2-149.10-M84, "Determination of the Equivalent
Leakage Area of Buildings by the Fan Depressurization Method."

By depressurizing the house, a negative indoor-to-outdoor pressure differ-
ential lvas created which induced air leakage into the structure. The air leak-
age test consisted of subjecting the house to a number of different pressure
differentials u'hile measuring the rate at which air is exhausted according to
the prescribed test procedure [3]. Using these data, a characteristic air leak-
age curve was calculated which described the leakage at any pressure differ-

¿l
I
I

I

I
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ential. In this manner, changes in the airtightness of the house can be deter-
mined by conducting identical leakage tests before and after implementation
of any antiinfiltration measures.

It should be noted that the air leakage tests $'ere not always performed in
strict conformance with the draft standard [3J largely because many of the
tests were carried out prior to release of the draft and because of changes
between subsequent drafts. The primary deviation from the draft standard
procedure vras in the inability of the depressurization apparatus to achieve an
induced pressure differential of 50 Pa in some very leaky homes.

Tests in which the flow exponents fell outside of the range of 0.50 to 1.00
and the correlation coefficient was less than 0.9800 were rejected.

(

Air Leakage Test Results

Data Presentation

Air leakage test results are frequently reported using several different pa-
rameters. The one that is most commonly used in Canada and the one that
was adopted for this repon, as previously explained, is the ELA1o.

The ELA¡9 is the size of the equivalent hole, in units of square metres,
which would produce the same net leakage as the randomly distributed leak-
age paths normally found in a house. It is calculated at a pressure differential
10 Pa and is independent of the size of the house.

Air Leakage Test Results-Conventional Houses

Results are separated for the 26 Flora Place units and the remaining 56
conventional houses. A summary of the air leakage test results for the 56 con-
ventional houses is shown in Table 1. A further breakdown of the data, based
uPon type of house, is given in Table 2. Notice that the ELAlss given in Table
2 are median values.

As is evident from Tables I and 2, considerable variation was encountered
in both the initial air leakiness of the structures and in the effectiveness of the
sealing. However, based upon the 56 houses studied, the median reduction in
the ELAIe due to the air leakage sealing \4¡as 3I.6%.

Air Leakage Test Results-Flora Place Houses

A summary of the air leakage test results for the 26 Flora Place houses is
shown in Table 3. Once again, considerable variations \r¡ere encountered in
the ainightness of the structures and in the effectiveness of the sealing. This is
a rather interesting result since the houses lvere virtually identical in size, con-
struction, and age. The median reduction in the ELAI¡ due to the air leakage
sealing was 42.5Vo f.or the 26 houses.
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TABLE l-Summary of presealing and postsealing air leakage tests-conventional houses.

ELAro, m2
House

Number
House Type

(No. of Stories)
Year of

Construction Presealing Postsealing

Percentage
Reduction
in ELA¡o

2
split level

2
)
Lt/z
I
tt/t
It/t
I

split level

I
I

split lwel
1

It/z
I

split level
I
I
1

)
split level

It/z
split level

I
I

2t/z
)
It/z
2t/z
I
I

2tlz
split level
split level

I
I
I
I
I

1t /:

t902
r926
1925
1916
1954
1952
1920
r948
1955
1960
1947
t976
1964
1958
1975
r950
1951
1976
1953
1969
r923
1927
r973
t970
1977
1940
1932
r974
1946
1947
196ó
1975
1954
1962
r otl
1940
1962
1953
1974
19ó8
1946
1925
1902
1950
1926
r976
l95l
1930
1980
l9ó8
r962
I 957
1960
r973
1962
I Oln

0.0552ó
0.04388
0.07815
0.10028
0.05280
0.0ó68ó
0.09581
0.0ó228
0.08115
0.0ó184
0.05124
0.03597
0.05720
0.04413
0.06419
0.04070
0.05475
0.04280
0.05345
0.04803
0.12032
0.14243
0.06227
0.05089
0.05183
0.05936
0.03838
0.03619
0.03178
0.06680
0.01980
0.03834
0.04272
0.03481
0.0ó105
0.09555
0.08031
0.05 r 43
0.05275
0.03984
0.08542
0.13084
0.192t7
0.04904
0.t4?70
0.03600
0.04339
0.17236
0. r0335
0.04049
0.037ó2
0.03ó94
0.06638
0.0682ó
0.04092

I
I
1

1

1

Lt/z
I
1

1

1

2
1

0.07926 -
0.06008
0.09482
0.r1522
0.06346
0.09517
0.12973
0.08703
0.12382
0.09138
0.05473
0.06196
0.10304
0.0748ó
0.08843
0.04876
0.141 12
0.06748
0.09126
0.09032
0.1 4578
0.19256
0.09076
0.08979
0.097s5
0.10971
0.06217
0.04004
0.04438
0.09205
0.04ó14
0.08016
0.056ó8
0.04440
0.09711
0.12632
0.10348
0.125ó0
0.0671E
0.058ó9
0. r3322
0.255ó0
0.26276
0.07642
0. l 7859
0.05120
0.07973
0.30209
0. 12155
0.06501
0.01ó21
0.08765
0. l 1005
0.10964
0.06513

^ 
1< rn<

30.3
27.0
17.6
13.0
16.8
29.7
26.1
28.4
34.5
32.3
6.4

41.9
44.5
41.1
27.4
16.5
6r.2
36.6
41.4
46.8
t7.5
26.0
31.4
43.3
46.8
45.9
38.6
9.6

28.4
27.4
57. I
52.2
24.6
21.6
37.r
24.4
')') 

^59. I
21.5
32.1
35.9
45.8
26.9
27.6
20.2
28.0
32.6
42.9
15.0
37.7
18.ó

split level
)

split level

s7.9
39.7
37.8
37.r



TABLE T-Equivalent leakage ureas IELA¡sJ conventional houses.

Median ELAro, m:

House Type Sample Size Presealing Postsealing"
Median Percentage

Reduction, %

I story
Split levels
lll2 story
2 story
Zt/z story
All houses

0.08369
0.08546
0.08703
0. I 1522

0.25483
0.09054

0.05281
0.06051
0.06318
0.08714
0.15978
0.0ó193

36.99o
29.29o
27.4To
24.4To
37.3To
3L.6To

28
10

7

7
4

56

,Calculated by subtracting the median value of the percentage reductions recorded for the

individual houses from the median presealing ELA,0.

TABLE 3-Summary of presealíng and postsealing air leakage tests-
Flora Place houses.u

ELA¡¡, ml

House Number Presealing Postsealing
Percentage

Reduction, %

s7
58
59
60
61

62
ó3
64
65
66
67
68
69
70
7l
72
73
74
7S

76
77
78
79

80
8l
82

0.030E8
0.03135
0.05402
0.04097
0.06623
0.05450
0.04564
0.04104
0.04683
0.03848
0.03637
0.04656
0.04048
0.04589
0.03672
0.04172
0.05532
0.02849
0.04232
0.04314
0.04787
0.03922
0.03612
0.03471
p.04047
0.07182

0.02244
0.01789
0.07924
0.02581
0.02414
0.03085
0.02850
0.01837
0.03004
0.02869
0.02698
0.02993
0.01984
0.02490
0.01536
0.02357
0.02358
0.02011
0.02651
0.02594
0.02803
0.02243
0.02146
0.02088
0.02087
0.02162

26.9
42.1
45.5
36.2
63.6
41.3
26.9
55.1
35.8
25.r
44.5
36.8
27.2
45.2
58.4
43.6
57.4
29.4
50.2
39.3
44.2
42.8
40.6
39.9
48.7
69.8

"All single story with no basement, constructed in 1940.

t

I

t
I
I
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I

I
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