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~~ Designation: E 779 - 81 

Standard Practice for 
MEASURING AIR LEAKAGE BY THE FAN
PRESSURIZATION METHOD1 

This •WJ~ i.s is.sued undCt' the llxcd desi~tlon E 779; the num~~ immediately following the dc:signatioa indic;uc:s the 
yev or onginal adopuon or, tD the CllSC of rcY1S1on. the year oflast rcvu1oa. A number in parcntbc:scs tDdic.a1c:s the year of last 
rcapprovo.l. 

1. Scope 

1.1 This practice represents a standardized 
technique for. measuring air leakage rates 
through a building envelope under controlled 
pressurization or evacuation. 

1.2 This practice is applicable to small tem
perature differentials and low-wind pressure 
conditions. For tests conducted in the field, it 
must be recognized that field conditions may 
be less than ideal. Nevertheless, strong winds 
and large indoor-outdoor temperature differ
entials should be avoided. 

1.3 The proper use of this practice requires 
a knowledge of the principles of air flow and 
pressure measurement. 

1.4 This practice is intended to produce a 
measure of air tightness of a building envelope. 
Because of differences between natural' load 
and test conditions, however, such measure
ments cannot be interpreted as direct measure
ments of air change rates that would occur 
under natural conditions. 

1.5 This practice is primarily intended for 
use in one-story buildings. If the air leakage is 
to be measured for taller buildings, the thermal 
stack effect needs to be considered. Annex Al 
provides information for estimating stack ef
fect. 

2. AppUcable Document 

2.1 ASTM Standard: 
E 741 Practice for Measuring Air Leakage 

Rate by the Tracer Dilution Method2 

3. Summary or Practice 

3.1 This practice consists of mechanical 
pressurization or de-pressurization of a build· 

ing aod measurements of the resulting air flow 
rates at a gi,ven indoor-outdoor static pressure 
difference. From the relationship between the 
air flow rates and pressure differences. the air 
leakage characteristics of a building envelope 
can be evaluated. 

4. Significance and Use 

4.1 Air leakage accounts for a significant 
portion of the thermal space conditioning load. 
~t affects occupant comfort and indoor air qual
ity. 

4.2 In most commercial or industrial build
ings, outdoor air is often introduced by design 
with air circulation sys1ems. In most residential 
buildings, indoor-outdoor air exchange is at
tributable primarily to air leakage through 
cracks and construction join ts. 

4.3 Air leakage under natural conditions is 
very difficult to calculate, since it depends not 
only on wind speed and direction and indoor
outdoor temperature differences, but also on 
workmanship in construction. aod on other 
building elements. Although there are standard 
formulas to estimate air leakage, they are only 
approximations. 

4.4 The air leakage of a building under nat
ural conditions, that is the air infiltration. is 
difficult to predict since it depends on many 
local variables. Air infiltration may be mea
sured directly using the tracer dilution method 

1 This pnocticc i.s under cbe 1unsdict1on of "5TM Com· 
mlutt £..() oo PerformllDtc of Bui.Jdi D! Corucrucuuns and IS 

the direct =pons1b1liryofSubc:ommmee E06.41 OD fa.fi.ltra· 
lioo Performances. 

Currcoc cdiuoo approved May 19. 198 l. Published Julv 
1981. . 

' .~nnuai Book of A STM StandardJ. Pan 18. 
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(see Practice E 741). The induced-pressure 
method provides an indirect way to relate the 
infiltration rate to the leak.age area of a struc
ture. 

4.5 The fan-pressurization method has sev
eral advantages over the tracer dilution 
method. The fan-pressurization method is a 
simpler measurement and produces a time-in
dependent result that characterizes the quality 
of the building envelope. It can be used: (1) to 
compare the relative air tightness of several 
similar buildiJlgs, (2) to identify the leakage 
sources and rate of leakage from different com
ponents of the same building ·envelope, and (3) 
to determine the air leak.age reduction for in
dividual retrofit measures applied incremen
tally to an existing building. 

4.6 When the absolute infiltration rate is 
needed. the tracer dilution method should be 
used over a wide range of wind speeds and 
directions and iJldoor-outdoor temperature dif
ferences. However, the measuring equipment 
and techniques for the tracer dilution method 
arc relatively complicated. Also, the data anal
ysis and correlation are more iJlvolved. It is 
better to use the fan-pressurization method for 
diagnostic purposes and measure the absolute 
infiltration rate with the tracer dilution method. 

5. Descripdom of Terms 

5.1 air change ral~air leak.age in volume 
unilS per hour divided by the building space 
volume with identical volume units (normally 
expressed iJl air changes per hour, ACH or 
ACPH). 

5.2 air leakage rat~the volume of air 
movement per unit time across the building 
envelope. This movement includes flow 
through joints, cracks, and porous surfaces, or 
combination thereof. The driving force for such 
an air leakage in service can be either mechan
ical pressurization and evacuation, natural 
wind pressures, or air temperature differentials 
between the building interior and the outdoors, 
or combination thereof. 

5.3 air leakage graph-the graph that shows 
the relationship of measured air flow rates to
the corresponding measured pressure differ
ences. 

5.4 building envelop~the boundary or bar
rier separating the interior volume of a building 
from lhc outside environment. For I.he purpose 
of this practice, I.he interior volume is the delib-
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erately conditioned space within a building. 
generally not including the attic space, base
ment space, and attached strucrures, unless 
such spaces are connected to I.he heating and 
air conditioning system, such as a crawl space 
plenum. 

5.5 Reference Standard Conditions-The ref
erence standard conditions for this practice are: 

2 

Air temperature 
Air density 
Pn:s.surc 

21.2°C (70°F) 
l.202 k.g/m' (0.075 lb/fi') 
101.3 kPa (2116 lbf/fi') 

5.6 rest pressure difference-I.be actual pres
sure difference across the building envelope. 
expressed in kilopascals (or pounds-force per 
square foot) or in inches of w.ater (or inches of 
mercury). 

6. Apparatus 

6. 1 The following description of apparatus 
is general in nature. Any arrangement of equip
ment using the same principles and capable of 
performing the test procedure withi.I> the allow
able tolerances is permitted. 

6.2 Major Components (sec Fig. 1): 
6.2. l Air-Moving Equipment-A fan, blower. 

or blower door assembly, I.hat is capable of 
moving air into and out of the conditioned 
space at required flow rates under a range of 
test pressure differences. The system shall pro· 
vide constant air flow at each incremental pres
sure difference at fixed pres,sure for the period 
required to obtain readin.gs of air flow rate. 

6.2.2 Pressure-Measuring Devic~A ma
nometer or pressure indicator to measure pres
sure difference with an accuracy of ± 2.5 Pa 
(± O.ot in. H20). 

6.2.3 Air Flow or Velocity-Measuring Sys
tem-A device to measure air flow within ±6 % 
of the average value. The calibration of this air 
flow-measuring system shall follow the manu
facturer's instructions, and be recorded as such. 
The instrument may also be calibrated in a 
calibrating wind tunnel.3 

6.2.4 Wind Speed-Measuring Device, to give 
an accuracy within ±0.8 km/h (0.5 mph) at 8 
km/h (5 mph). Perform wind speed measure
ments at a distance three to five building 
heights away from the building. List I.he height 

'uVe11ulat10nSy-stem TC$'t1D '! from Industrial Venulauo0-: -
A Ml.llual o i RCQ>rnmcaded Pr.i~ucc." Amcncan Confer
ence of lnd1Utna1 Hyg1crusu. ColJllJUtu:e on lod1U1na1 Ven· 
tilauon. unswg. ~icb . 48902. 
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above ground at which wind speed is measured. 
6.2.5 Temperarure-Measuring Device, to give 

an accuracy of ±0.5°C (l °F). 
6.2.6 Air Flow-Regulating System-A device 

such as damper, or variable motor speed con
trol, that will regulate and maintain air flow 
and pressure to specific limits. 

6.2.7 The air duct layout shall be able to 
accommodate both pressurization and evacua
tion. (For the blower door assembly, no ducting 

· is required.) · 
6.2.8 The size of the air duct and the capacity 

of the fan or blower shall be matched so that 
the linear flow velocity within the air duct falls 
within the range of measurement of the air flow 
meter (sec Annex A3). 

6.3 Blower Door Assembly (Fig. 2) is an ac
cepted variation. Components peculiar to this 
assembly arc: 

6.3.1 Blower Door-A door mount for fan 
or blower. It must be adjustable to fit common 
door openings. 

6.3.2 The fan or blower possesses a variablc
speed motor to accommodate the wide range of 
required flow rates up to 5100 m3 /h (3000 re I 
min). The fan or blower shall be calibrated 
i.I:dividually according to the manufacturer's 
instructions, and be recorded as such.• Alter
natively, calibration can be done with a set of 
standard air flow orifices as described in Annex 
A3. 

6.3.3 Fan Speed Controls and RPM Indica
tor-To indirectly measure the air flow rate 
using a calibration graph as illustrated in Fig. 
3. Sec Annex A3 for developing the graph. 

7. Safety Precautions 

7.1 Glass should not break at the pressure 
differences normally applied to the test struc
ture. However, for added safety, adequate pre
cautions such as the USC of eye protection 
should be taken to protect the personnel. 
· 7.2 The test is most likely conducted in the 
field. Therefore safety equipment required for 
general field work also applies, such as safety 
shoes, hard hat, etc. 

7.3 Because air-moving equipment is in
volved in this test, provide a proper guard or 
cage to house the fan or blower and to prevent 
accidental access to any moving parts of the 
equipment. 

7 .4 When the blower or fan is operating. a 
large volume of air is being forced into or out 
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of a building. Provide proper shields or guards 
at the inlet or outlet of the air duct. 

7.5 Noise may be generated by the moving 
air. Therefore, make available hearing protec
tion for personnel who must be close to the 
noise. 

8. Procedure 

8.1 Make general observations of the con
dition of the building. Take notes on the win
dows, doors, opaque walls, roof, and floor. 

8.2 Measure and record the wind speed and 
direction, and outdoor temperatures before, 
during, and after the test. 

8.3 Measure and record the indoor temper
atures and relative humidities before, during, 
and after the test so that their average values 
can be estimated. 

8.4 Place the air-moving apparatus near the 
structure. Connect the air duct or blower door 
assembly to the building envelope, using a 
window, door, or vent opening. Seal or Lape 
openings to avoid leakage at these points. 

8.5 If a damper is used to control air flow, it 
should be in a fully closed position at the 
beginning of a test. Tum on the fan or blower, 
adjust the damper or air flow regulator to in
crease the air flow, take readings of air flow 
rate and induced pressure difference. 

8.5. l When the blower door assembly is 
used, the determination of the rpm and pressure 
differentials from the control panel enables 
flow to be measured (Annex A3). Interpolation 
shall be used for other pressure differentials 
than those recorded in the calibration proce
dure (sec Annex A3). 

8.6 The range of the induced pressure dif
ference shall be from 12.5 to 75 Pa (0.05 lo 0.3 
in. H20) depending on the capacity of the air
handling equipment. Since the capacity of the 
air-handling equipment, the tightness of the 
building, and the weather conditions affect 
leakage measurements, the full range of the 
higher values may not be achievable. In such 
cases a partial range encompassing at least five 
data points shall be the substitute. 

8.7 Increments of 12.5 Pa (0.05 in. H20) 
shall be used for the full range of induced 
pressure differences. 

'"Fan Enslnecrin§ Handbook..~ 7th edition. Buffalo 
Forsc CompU1y, Buffalo, N. Y .. 1970. 
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8.8 At each pressure increment, measure the 
air flow rate in cubic metres per hour (cubic 
feet per minute). 

8.9 A uniform pressure shall be maintained 
in the conditioned space to within a range of 
less than 20 % of measured inside and outside 
pressure difference. 

8.10 A muimum variation of pressure due 
to the external influence, such as wind or ther
mal stack effect, or both, shall be no more than 
10 % of the measured inside and outside pres
sure difference. 

8.11 Preferred test conditions arc: (1) on-site 
wind speed of 8.0 km/h (5.0 mph) or less and 
(2) indoor and outdoor temperature difference 
of 11°C (20°F) or less. This helps to stabilize 
the induced pressure difference between inside 
and outside the building envelope. When the 
wind speed is over 16 km/h (10 mph), halt the 
test. When the wind speed is between 8 and 16 
km/h (5 and 10 mph), conduct tests with cau
tion. 

8.12 For each test, collect data for both pres
surization and evacuation. 

9. Data Analysis aod CalcuJations 

9. I All the measured air leakages shall be 
converted to air flow rates in cubic metres per 
hour (cubic feet per minute) at reference con
ditions. 

9.2 If the air leakage is not measured directly 
from a flow meter, then additional calculations 
arc needed to convert, for instance, pitot tube 
pressure to linear velocity and then volume 

· flow rate. In the case of a calibrated motor fan, 
the flow rate can be obtained through the cal
ibration curve of the motor fan. 

9.J Plot the measured air leakage against the 
corresponding pressure differences to complete 
the air leakage graph for both pressurization 
and evacuation (sec Fig. 4). 

____ .J_!). R_eport 

10. l The report shall contain at least the 
following information: 

10. l.I Test Site Description: 
10.1.1.l Location and construction: 

4 

(a) Date built, 
(b) Wall. ceiling, and floor area, 
(c) Volume, 
(d) Floor plan and site plan. and 
(e) Attic, basement, or crawl space. 
10.1.1.2 Openings in exterior shell: 
(a) Doors, 
(b) Windows, 
(c) Ventilation openings, 
(d) Chimneys. and 
(e) Condition of openings during test (for 

example, broken windows, open doors, etc.) 
10.1.l.3 HVAC Systems: 
(a) Furnace, 
(b) Blower capacity, and 
{c) Duct location. 
10.1.2 Pressurization Measurements: 
10.1.2.l Technique employed, 
10.l.2.2 Equipment used. 
10.1.2.J Calibration of air flow meter, and 
10.1.2.4 Measurement results. 
10.1.3 Weather. 
10.l.3.l Off-site conditions (nearby weather 

station), 
10.1.3.2 On-site conditions (measurement 

location), 
10. l.3.3 Apparatus, 
10.1.3.4 Wind speed/direction, 
10. l.3.5 Temperature (indoor and outdoor), 

and 
10.1.3.6 Humidity (indoor and outdoor). 
10.1.4 Plot of air leakage graph (sec Fig. 4). 

11. Precision and Accuracy 

11.1 At present.. lhe precision and a.ccuracy 
of this practice is largely dependent on the 
instruments and apparatus used and on the 
ambient conditions under which the data arc 
taken. A reasonable estimate of the uncenainty 
at a given pressure difference is about 10 % or 
less. 

11.2 It is easier to take data at higher pres
sure differences than at lower differences. 
Therefore, special care should· be exercised 
when measurements are taken at low pressure 
differences. 
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ANNEXES 

Al. STACK EFFECT 

A I.I In the case of high-rise or U1ll buildings, 
precautionary steps should be taken to eliminate or 
compensate for I.be thermal stack (chimney) c!Tctt. 

A l.2 For two-story or Ulller buildings. the thermal 
st.ack effect must be estimated or measured to be sure 

that it is within lh.e 10 % of the induced pressure 
difference. As a rule. the stack effect is approximately 
0.1 Pa per story pet' °C (2.1 x 10-• in. H20 per story 
per oF). 

Al. MEASUREMENTS' 

Al. I When alr leakage mea.surcmenLS arc per· 
formed according to this practice at high altitudes 
(low aunospberic pres.sure) and at high or low tem
pcramres. a correaion factor. Q, sb.ould be applied 
to the flow rate measurement: 

Q - Q .. (11~9= r) Co~.J) 
where: 
Q .. .. measured flow rate. 
T .. air temperature, °C. and 
B .. barometric pressure, lcPa. 

Al.2 When a sta.ndard pitot tube is used to mea
sure the air velocity, the air velocity and the velocity 
pressure can be related as follows: 

v - 4.422 .J!i. 
where: 
V • velocity, m/s 

6 

P,. - velocity pressure. mm/Hg, 
p •density factor. calculated. from 

P - p .. (21~9: T) Co~.J) 
p.. - density of air al standard conditions. 

Al.J A standard pitot tube with an inclined ma
nometer can be used with the following degree of 
ac:curacy: · 

Velocu:y. m/s 

J 
4 
5 

IO 
15 
w 

Per ce111 Error (:t:I 

15.0 
6.0 
4.0 
1.0 
O.J 
0.25 

''"Standard Test Code," AMCA St&nd.ard 210-74. Air 
Moving and Coodi1ioning A5soclauoo. Park Ridge. Ill. 
60068. l 974. 
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A2.4 If a pitot tube is used for measuring the 
linear velocity of air flow, several readings should be 
made across the duct area~ So that an average linear 
velocity can be obtained. V. Thus the air flow rate is: 

Q • (A)(P) 

where A is the c:rosa-sectional area of the air duct. 

tbs 1 a 5111 8 e 779 5-l 
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A2.S If lhe mechanic.al fan or blower is calibrated 
so that lhc air flow rate and static pressure difference. 
or rpm. can be accurately related to each other, theo 
the air flow measuring device can be omitted. How
ever, in this case, the calibration curve of the fan or 
blower snail be anached to tbe report. 

il n.ow RATE CALIBRATION 

A3.I Table A3.I should be helpful in selecting an 
air flow meter.3 

A3.2 Table A3.2 sllould be belpful in selecting 
pressure-measuring i.nsuumeots.3 

A3.3 Calibra1ion of the Blower Door. 
A3 .3.I The blower door is calibrated using a set 

of air now orifices witb the d.oor mounted in a 
lea.It proof chamber. For each calibration orific.e. ob
i.a.in diffcrcutial prcss11tcs of 12.5. 25. 37.5, 50, 62.5. 

7 

and 75 Pa (0.05. 0.1 O. 0.15. 0.20, 0.25, and 0.30 in. 
HiO) by varying the fan rpm. 

A3.3.2 Plot the rpm-flow charts for tbe discrete 
differential pr~urcs as shown in the sample calibra
tion in Fig. 3. 

a Owcr. £.. ;uid Pank.hursL F. C .. Mta.rwtmtntof Air Flow 
ill SI Mern·c Units. 5th edition. Perga.rnoo Press. New York. 
N.Y .. 1977. 
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TABl.t: Al.I Clauactcrblle.uf Air PtfcteoA 

lnslrumcnls llange, m/• (fl/min.I 
Hole Sile (for 

.iucts). mm (in .) 
~---------~~---

Pih>I Tubes wi1b Inclined M1-
nome1cr: 
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Small •ile 

Double 
Swingi11s Vane Anemomclers: 

Alnor V elomelcr 
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Convenlional 
Elccironic (airflow devclop

menl) 

Digi1al (airflow de vclopmenl 
Bridle Vane Anemumclcrs: 

florilc Air Vclocily Meler 
llcalcd Wire Ancmomcle": 

Anemolherm Model 60 
A11c11101btrm gas flow melcr 

l'lowrronic air meter SSA 

llcllcd Th<rmocouple Ancm<>
mcltri: 

Alnor Thermoanemomc1cr 
M,>dcl 8500 

ll•>ling prcci>ion air mc1cr 8-
22 

.Kun air vclodly mclcr 440 
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Flow Corpor11ion Series !!00 
Alnor air vclod1y iran.>duccr 

sy>ICm (A VT) 

l .05-up (600-up) 

l.OS-up (600-upl 

2.54-up (SOO.upl 
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0.15-50.8 (JO- 10 000) 
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12.7 ( Y,I 
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7.94 (o/o•I 

7.14 ('I'») 

12.7 (\';) 
7.94 ('Yo•) 

Range. Tem- Dusi, Fume Calibration Re- Rugged- Generol Usefulness 
pcn11 urc8 

___ l>i1Ticuhy ____ _ 'l~ircmen1s ness and Commenls 
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Instruments Range m/s (fi/min.) Hole Size (~or Range, Tern- Dust, Fume Cali~ration Re- Rugged- Gcaeral Uscrutacss 
_ - - - - ------ ' ducts),m~ .!~n·! __ E~~~~fficulty -- ~'!::~'c~. ncss 1uulC01Umcnls 

V•ri•blc Arca Meler 
Airm.:1ci (F. W. Dwyer Co.) 1.02-6. 10(200-1200) 

S.08 ·l0.12 ( IOOO -4000) 
nOl for duel use urrow 

A Rcprin1cJ by pcrmi"iun of the Commillcc on lnJw1rl1I Vcntil•lion. See foo1nulc l. 

yes 

"Norrow: -7 to 66°C (20 10 ISO"FJ: Medium: -7 111 14!1°C (20 to 300°f); Wide: -18 to 427"C (0 to 800°f). 
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good sa1isractory li>r csti
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TABLE AJ.2 Characreristlcs of Pressure Measunn1 lmtnunenu (Stalic Pre59Ut'e, Velocity Pre9sure. DU'rttnrial 
PreHlll'e r 

Manufacturer's 

lnsuumcnt 
Range. Pa (in. Sta1ed Preci· 

Commen!S water) sion. Pa (in. 
waler) 

Liquid Manomeiers: 
Venical U·lubc No limit 24.9 (0.1) Ponable. Needs no calibration. 
lnc:lilled I 0: I slope Usually up to 1.245 (0.005) Ponable. Needs oo calibration. Musi be lev-

2490 (10) eled. 
Hook Gage ~5976(~24) 0.249 (0.001) Not a field insuument. Tedious. di.fll.c:uh 10 

read. For calibration only. 
Mic:romanometer (Meriam ~2490(~10) 0.249 (0.001) Heavy. Need to locate oo vibration-free sur-

Model 34FB2TM) M980(G-20) face. Not difficult to read; wcs magnifier. 
Mic:romanometer (Vernon 0.249-298.8 0.0996 (0.0004) Sm.al.I; portable. Uses magnifier. Need expe· 

Hill Type C) (0.001-1.2) nena: to read to manufacturer's precision. 
Calibration ne<:dcd. 

Mic:romannometer ( IOS) M98(G-2) 0.0747 (0.0003) Ponable. Needs vibration-free mounL No 
(Electric Mic:rotoDic. F. W. magnifier. Slow to use. No cyeslrilin. No 
Dwyer. Mfg.) a.l.ibration needed. 

Diaphragm a.ad Mec.ban.ica!: 
Diaphngm-magnchelic gage ~ 124.S (0--0.S) 2.49 (0.01) Calibration m:om.mended. No leveling, no 

~249(G-I) 4.98 (0.02) mounting needed. 
G-996(M) 24.9 (0. 10) Direct reading. 

Swinging vane ancmom1m:r ~ l24.5 (0--0.S) S % scale Calibration recommended. No leveling. no 
A!nor velomctcr M980(G-20) mou.atin! needed. Use manufa1:111Ws ex-

act m:ommeadation for size of SP hole. 
Pn:ssurt! Transclw::ers and Elcc· 

tronic !Jlstruments: 
Pressure Transducers 12.45-14.94 0.3 % Must be calibrated. Remote reading responds 

(0.0S-6) to rapid change ia pressure. 

"Reprinted by permission of tbe Committee oa lndustrial Ventilation. Sec footnote 3. 

Tire Amtrican Socf~ for Twillr and MOJtrials takes no ptnithm rtsp••tillr tltt •alldlty of an}' po1m1 ri&Jtts rusnud 111 

co1111tc1to11 with an.v ittm mtnttontd fn tliis stani/Jud. Ustrs of thlr sra11dard art txp~sl,v °"""d that dcttrmmorion of tM •ai/dit_v 
of on,v sw:lt pormt n·glus. aNI tht risk of U.fro.i1mm1 of~ rirhts, ar• tNutly tltnr awn rrsporu1bi/11y. 

Tlri.J JtandDrd Is rubjtct 10 rnisio.n OJ tm.v tilM by tht rtsparuiblt tuhrtical commiltu a.nd nuut b• rnt'ewcd enry JI•• y tan 
and if not rnistd. tltltno rtoppro•td or withdrawn. YOW" <a,,,,...,,t.s au invittd tilhtr for "~•man of this standard or for odditlona/ 
standards Orld should b• addrtsstd 10 A STM Htadquartus. Yow co,.,.,,.mu will rtctivt careful coruidtrOJfan OJ a mttttni of tht 
rtspatuiblt ttthnical co,,.,,.itttt, wMch you ma.v atrnul. If you fttl th<U your comments M•• 1101 nc11•td a fair htari11g you should 
m4k• your •lews luraw1110 tht ASTM Committee on Standlvds, 1916 Rtu:t Sl. Phlladtfphta, Pa.. 19/0J, which will schtdult a 

/unh•r hearmi rtiarding yow ca-11u. Failillf sati.sfurion thn-r, you mAy appall ta tM ASTM Board of Dirtctars. 
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