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@ IS0 IS0 9972:1996(E) 

Foreword 

IS0 (the International Organization for Standardization) is a worldwide fed- 
eration of national standards bodies (IS0 member bodies). The work of 
preparing International Standards is normally carried out through IS0 
technical committees. Each member body interested in a subject for 
which a technical committee has been established has the right to be rep- 
resented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. IS0 col- 
laborates closely with the International Electrotechnical Commission (IEC) 
on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are cir- 
culated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard IS0 9972 was prepared by Technical Committee 
ISOnC 163, Thermal insu/ation, Subcommittee SC 1, Test and measure- 
ment methods. 

Annexes A, B and C of this International Standard are for information only. 

. . . 
III 
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IS0 9972: 1996(E) @ IS0 

Introduction 

The fan pressurization method produces a result that characterizes the air- 
tightness of the building envelope or parts thereof. It can be used: 

a) to compare the relative airtightness of several similar buildings or 
building components; 

b) to identify the leakage sources and rates of leakage from different 
components of the same building envelope; 

c) to determine the air leakage reduction for individual retrofit measures 
applied incrementally to an existing building or building component. 

This method does not measure the air infiltration rate of a building. The re- 
sults of the fan pressurization test can be used to estimate the air infiltra- 
tion by means of calculation. If a direct measurement of the air infiltration 
is desired, other methods must be used. It is better to use the fan press- 
urization method for diagnostic purposes and measure the absolute infil- 
tration rate with the tracer dilution method. 
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INTERNATIONAL STANDARD @ IS0 IS0 9972:1996(E) 

Thermal insulation 
airtightness - 

- Determination of building 
Fan pressurization method 

1 Scope 

This International Standard specifies the use of mech- 
anical pressurization or depressurization of a building 
or building component. It describes techniques for 
measuring the resulting air flow rates at given indoor- 
outdoor static pressure differences. From the re- 
lationship between the air flow rates and pressure dif- 
ferences, the air leakage characteristics of a building 
envelope can be evaluated. 

This International Standard is applicable to small tem- 
perature differentia1.s and low-wind pressure con- 
ditions. 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 differentials should be avoided. 
The proper use of this International Standard requires 
a knowledge of the principles of air flow and pressure 
measurements. 

This International Standard is intended for the 
measurement of the airtightness of building enve- 
lopes of single-zone buildings. For the purpose of this 
International Standard, many multi-zone buildings can 
be treated as single-zone buildings by opening interior 
doors or by inducing equal pressures in adjacent 
zones. 

This International Standard is intended for the 
measurement of the airtightness of buildings and 
building components in the field. It does not address 
laboratory evaluation of air leakage through individual 
components. The results of the field measurements 
are not intended to characterize the air leakage of an 
isolated component but of the component and its 
junction with the building envelope under given condi- 
tions of installation. Therefore, the results from field 
tests of component airtightness may not be in agree- 
ment with the results from laboratory tests. 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions of 
this International Standard. At the time of publication, 
the editions indicated were valid. All standards are 
subject to revision, and parties to agreements based 
on this International Standard are encouraged to in- 
vestigate the possibility of applying the most recent 
editions of the standards listed below. Members of 
IEC and IS0 maintain registers of currently valid Inter- 
national Standards. 

IS0 6781: 1983, Thermal insulation - Qualitative 
detection of thermal irregularities in building en- 
velopes - infrared method. 

IS0 7345: 1987, Thermal insulation - Physical quan- 
tities and definitions. 

3 Definitions, symbols and units 

For the purposes of this International Standard, the 
following definitions and those given in IS0 7345 
apply. Symbols and units are given in table 1. 

3.1 air leakage rate: Air flow rate across the build- 
ing envelope or component. 

NOTE 1 This movement includes flow through joints, 
cracks, and porous surfaces, or a combination thereof, in- 
duced by the air-moving equipment (4.2.1). 

3.2 building envelope: Boundary or barrier separat- 
ing the interior volume of a building from the outside 
environment. 

NOTE 2 The interior volume is the deliberately conditioned 
space within a building, generally not including the attic 
space, basement space, and attached structures, unless 
such spaces are connected to the heating and air condition- 
ing system, such as a crawl space plenum. 

1 
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IS0 9972: 1996(E) @ IS0 

Table 1 - Symbols and units 

Symbol T Quantity 

I Measured air flow rate I ms/s I 

I Air leakage rate I ms/s I 

9 I Tracer gas injection rate I ms/s I 

I Air leakage coefficient 1 ms/(s l Pan) I 

P I Air density I kg/m3 I 
I Relative humidity I % I 
I Celsius temperature I "C I 

n 1 Air flow exponent 

I Pressure I Pa I 

I Pbar I Uncorrected barometric pressure I Pa I 
PV I Partial water vapour pressure 1 ---P”I 

I Pvs I Saturation water vapour pressure I Pa I 
I AP I Induced pressure difference I Pa -I \ 

API-?-l Measured pressure difference Pa 

APO Zero-flow pressure difference Pa 

APref Reference pressure Pa 

r7 Dynamic air viscosity Pas 

A Area m* 

4 Apparatus 

4.1 General 

The following description of apparatus is general in na- 
ture. Any arrangement of equipment using the same 
principles and capable of performing the test pro- 
cedure within the allowable tolerances is permitted. 
Examples of equipment configurations commonly 
used are given in annex A. 

4.2 Equipment 

4.2.1 Air-moving equipment 

A device that is capable of inducing a specific range of 
positive and negative pressure differences across the 
building envelope or component. The air-moving 
equipment shall provide constant air flow at each 
pressure difference for the period required to obtain 
readings of air flow rate. In large buildings, the heat- 
ing, ventilating and air conditioning (HVAC) systems 
can be used. 

4.2.2 Pressure-measuring device 

An instrument capable of measuring pressure differ- 
ences with an accuracy of + 5 % of reading in the 
range of 10 Pa to 60 Pa. 

4.2.3 Air flow measuring system 

A device to measure air flow within + 5 % of the 
reading. 

4.2.4 Temperature-measuring device 

An instrument to measure temperature to an accuracy 
of + 1 K. 

4.3 Optional equipment 

4.3.1 

4.3.2 

4.3.3 

Wind-measuring device 

Barometer 

Humidity-measuring device 
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5 Procedure 

5.1 Measurement of the building envelope 

5.1.1 General 

values can be estimated. If the product of the indoor- 
outdoor air temperature difference, in kelvins, multi- 
plied by the building height, in metres, gives a result 
greater than 200 m l K, do not perform the test, as the 
pressure difference induced by the stack effect is too 
large to allow accurate interpretation of the results. 

The entire building must be configured to respond to 
pressurization as a single zone for the whole building 
airtightness test. The accuracy of this procedure is 
largely dependent on the instrumentation and appar- 
atus used and on the ambient conditions under which 
the data are recorded. It is more precise to record 
data at higher pressure differences than at .lower dif- 
ferences. Therefore, special care should be exercised 
when measurements are taken at low pressure dif- 
ferences. 

5.1.2 Steps of the procedure 

All interconnecting doors in the conditioned space 
shall be opened (except for cupboards and closets, 
which should be closed) so that a uniform pressure is 
maintained within the conditioned space to within a 
range of less than IO % of the measured inside- 
outside pressure difference. This condition shall be 
verified by selected differential pressure measure- 
ments throughout the structure at the highest press- 
ure contemplated. 

NOTE 3 Good practice would require measuring pressures 
induced in adjoining spaces such as the attic and basement 
or adjacent apartments, since airflow into or out of these 
spaces may be induced by the test method. 

The building should be prepared in accordance with 
the purpose of the test. Thus the opening, closing or 
sealing of specific openings such as vent dampers and 
fireplace openings should be based on whether or not 
it is the intention of the test to include these openings 
in the definition of the tightness of the building en- 
velope. 

NOTE 4 Good practice requires periodic calibration of the 
measurement system used in this test method, especially if 
unskilled operators perform the test. 

HVAC balancing dampers and registers should not be 
adjusted. Fireplaces and other operable dampers 
should be closed unless they are used to pass air to 
pressurize or depressurize the building. 

Connect the air-moving equipment (4.2.1) to the 
building envelope (3.2) using a window, door, or vent 
opening. Ensure that the joints between the equip- 
ment and the building are sealed to eliminate any 
leakage. 

In an airtight building, it is possible that the greatest 
amount of leakage occurs at the door, window or vent 
used to pass air during the test. Take care in such 
cases with the selection of the position of the air- 
moving equipment and/or the interpretation of the test 
results. 

Temporarily cover the opening used by the air-moving 
equipment for moving air into or out of the building. 

Zero the pressure-measuring device (4.2.2) by con- 
necting the sample port to the reference port. Record 
the zero reading and adjust the device to indicate zero. 
At the end of the test, recheck the zero of the press- 
ure-measuring device. 

Install the pressure-measuring device across the 
building envelope at any convenient representative lo- 
cation. It is good practice to use more than one lo- 
cation across the building envelope for pressure 
measurement, for example, one across each facade. 
In checking for zero pressure, protected exterior areas 
should not be used and the exterior pressure tap 
should be placed in an exposed location near the 
building facade. At the beginning and end of the test, 
measure the zero-flow pressure difference across the 
building envelope induced by natural conditions with 
the air-moving equipment off and air intakes and ex- 
hausts covered. 

It is important that, for tall buildings or large tempera- 
ture differences, the pressure difference is measured 
close to the neutral plane of the building. 

In situations where there are significant variations in 
pressure across the different facades of the building 
and at the top and bottom of the building (for 
example, due to wind), an average pressure difference 
across the four facades should be measured. 

Make general observations of the condition of the 
building. Take notes on the windows, doors, opaque 

Record the zero-flow pressure reading. If the absolute 

walls, roof and floor. 
value of the zero-flow pressure reading is greater than 
3 Pa, do not perform the test. Analyse induced flows 

Measure the outdoor temperature at the beginning 
and end of the test. Record the wind speed. 

Measure and record the indoor temperature at the 
beginning and end of the test so that their average 

only for an induced pressure difference 10 times the 
zero-flow pressure difference. 

If the wind speed is greater than 3 m/s, it is unlikely 
that an acceptable zero pressure reading can be ob- 
tained. 
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Uncover and turn on the air-moving equipment. 

When the building is depressurized, air leakage sites 
can be located using infrared thermography in accor- 
dance with IS0 6781. 

Under no circumstances should the air-moving 
equipment be allowed to create unsafe, hazardous or 
uncomfortable conditions for the building, its contents 
or its occupants. 

The range of the induced pressure difference shall be 
from 10 times the zero-flow pressure to 60 Pa, de- 
pending on the capacity of the air-handling equipment. 
Increments of no more than 10 Pa shall be used for 
the full range of induced pressure differences. 

Since the capacity of the air-handling equipment and 
the tightness of the building affect leakage measure- 
ments, the upper limit of 60 Pa may not be achiev- 
able. In such cases, a partial range encompassing at 
least five approximately equally spaced data points 
shall be substituted. 

At each pressure difference, measure the air flow rate 
and the pressure difference across the envelope. 
After the fan and instrumentation have stabilized, the 
average over an interval equal to, or greater than, 
10 s, should be used if fluctuations are observed. 

It is advisable to check that the condition of the build- 
ing envelope has not changed after each pressure 
reading, for example that sealed openings have not 
become unsealed or that doors, windows or dampers 
have not been forced open by the induced pressure. 

For each test, collect data for both pressurization and 
depressurization. 

Repeat the zero-flow pressure difference measure- 
ment. If this reading differs from the last zero-flow 
pressure difference reading by more than 1 Pa, repeat 
the test. 

If the wind speed is to be a part of the measurement 
record, use a wind-measuring device or obtain read- 
ings from a nearby weather bureau. 

To correct the air flow measurement for air density and 
viscosity (see annex B), read the temperature inside 
and outside the building before and after the test and 
either obtain readings of relative humidity and uncor- 
rected barometric pressure from a nearby weather bu- 
reau or use a humidity-measuring device and barome- 
ter. 

5.2 Building components Y 

5.23 General 

The component to be tested (for example a door, 
window, wall section, wall-to-wall joint or wall-to-floor 

joint) is covered with an airtight enclosure. This en- 
closure can be either a plastic sheet carefully taped to 
the component’s edges or a specially built box. The 
air-moving equipment (4.2.1) including the air flow 
measuring system (4.2.3) and the pressure-measuring 
device (4.2.2), are connected to the airtight enclosure 
such that all the air delivered by the air-moving 
equipment passes through the component when the 
enclosure is pressurized or depressurized. The accu- 
racy of this procedure is largely dependent on the in- 
strumentation and apparatus used and on the ambient 
conditions under which the data are taken. It is more 
precise to take data at higher pressure differences 
than at lower differences. Therefore, special care 
should be exercised when measurements are taken at 
low pressure differences. 

It is also possible to determine the leakage of a com- 
ponent without an airtight enclosure by performing 
the test once with the component sealed and once 
with the component not sealed. The flow at any 
pressure difference is equal to the difference between 
the flow with the component unsealed and the flow 
with the component sealed. In such cases, the flow 
difference shall be determined to within + 5 %. 

5.2.2 Steps of the procedure 

Cover the component to be tested with the airtight 
enclosure and seal the edges of the enclosure to the 
boundary of the component being tested. 

Note the I imits of the tested 
tics of the tested component 

area and the characteris- 

Pressurize the enclosure and component to 100 Pa 
and check for possible leaks using accepted methods 
such as those using smoke, an ultrasonic meter or 
tracer gas. Eliminate the observed leaks. 

When the enclosure is transparent in an infrared 
wavelength window of 2 pm to 5 pm or 8 pm to 
12 pm and depressurized above 10 Pa with the in- 
door-outdoor temperature difference greater than 
10 OC, an infrared thermographic system with a 
wavelength window in the appropriate range can be 
used to locate the air leakage sites of the component. 

Turn off the air-moving equipment and temporarily 
cover the ope ning used to pressurize the enclosure. 

Check the zero of the pressure-measuring device. 
Connect the sample port to the reference port and 
adjust the device so that it indicates zero. 

Install the pressure-measuring device across the en- 
closure. Cover the opening used to pressurize the 
component. Check the zero pressure by measuring 
the zero-flow pressure induced by natural conditions 
with the air-moving equipment off. If the absolute 
value of the zero-flow pressure difference is greater 
than 3 Pa, do not perform the test. 
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0 IS0 IS0 9972:1996(E) 

The test is carried out by varying the applied pressure 
in increments of no more than 10 Pa from a differen- 
tial pressure of 10 times the zero-flow pressure to 
60 Pa. At each pressure, record the pressure differ- 
ence across the component in pascals and the air flow 
rate in cubic metres per second. 

NOTE 5 Since laboratory pressure testing of building com- 
ponents is often done at higher pressure differences, it may 
be desirable to include such pressures in field pressuriza- 
tion tests if one wants to compare the results of the field 
testing with the laboratory results. 

If possible, perform the test for both positive and 
negative pressures. 

Record the indoor and outdoor air temperatures be- 
fore and after the test. 

Turn off the air-moving equipment and measure the 
zero-flow pressure difference. If this reading differs 
from the last zero-flow pressure difference by more 
than 1 Pa, repeat the test. 

To correct the air flow measurement for air density 
and viscosity (see annex B), read the temperature in- 
side and outside the building before and after the test 
and either obtain readings of relative humidity and un- 
corrected barometric pressure from a nearby weather 
bureau or use a humidity-measuring device and bar- 
ometer. 

100 
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Air leakage rate,mVs 

Figure 1 - Example of air leakage graph 

To convert the air flow rate to air leakage rate for 
pressurization, use 

v, = p 
L j 

Pout 
\ Pin / 

. . . (2) 

Calculate the derived quantities as follows. 

The data shall be used to determine the air leakage 
coefficient C and air flow exponent n in the following 
equation: 

v = C (Ap)n . . . (3) 

6 Expression of results 

Convert the readings of the air flow measuring system 
to obtain the air leakage rate, VO, at the temperature 
and pressure of the outside air for depressurization 
tests or of the inside air for pressurization tests. 

Subtract the average zero-flow pressure difference 
Ape from the measured pressure difference Ap,,, to 
obtain the induced pressure difference Ap: 

AP = APrYl - APO 

Plot the measured air leakage rate against the corre- 
sponding pressure differences on a log-log plot to 
complete the air leakage graph for both pressurization 
and depressurization (see figure 1). 

To convert the air flow rate to air leakage rate for de- 
pressurization, use 

where 

using a least squares technique, where v is the air 
flow rate in cubic metres per second; and dp is the dif- 
ferential pressure in pascals. In determining the fit of 
the above equation, the confidence intervals of the 
derived air leakage coefficient C and air flow exponent 
~1 should be calculated. C and yt should be calculated 
separately for pressurization and depressurization. 

There have been other forms of the equation between 
flow and pressure difference used for analysing the 
test data, for example, the equation 

AP = av2 + bv 

where a and b are coefficients to be determined from 
the test data. 

Correct the air leakage coefficient C to standard con- 
ditions [(23 + 1) “C and 1,013 x 103 Pa] with equation 
(4) . 

Pin is the indoor air density, in kilograms per 
cubic metre; 

/ \2n-I/ d-n 

pout is the outdoor air density, in kilograms per 
cubic metre. 

co=c[J-J [$J . . . 

where 

(4) 

77 is the dynamic viscosity of air, in Pascal 
seconds; 
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IS0 9972:1996(E 

P is the air 
metre. 

* density, in kilograms per cubic 

The unsubscripted quantities refer to the values under 
the conditions of the test, the subscripted quantities 
to the values under the standard reference conditions. 
Annex B contains the equations for the temperature, 
barometric pressure and relative humidity dependence 
of p and q. 

The leakage area AL, in square metres, can be calcu- 
lated from the correct air leakage coefficient, CO, the 
exponent, yt, and a reference pressure, Apref, from the 
following equation: 

4=co 9 ’ 
( 1 05( > APref 

(n - 0,5) . . . (5) 

The conventional reference pressure is 4 Pa, but other 
values may be used if the value is included in the test 
report. The leakage area should be separately calcu- 
lated for pressurization and depressurization. If the 
flow at a specified pressure difference (such as 50 Pa) 
is desired then it should be determined from equa- 
tion (3) using the derived values C and ~2 and the 
specified pressure difference. The error in the calcu- 
lated flow should also be determined statistically from 
the data used to determine ? from equation (3). 

NOTE 6 The value of leakage area derived from equa- 
tion (5) corresponds to a physical area if the air flow expo- 
nent 12 is 0,5. 

7 Test report 

The report shall contain at least the following infor- 
mation. 

7.1 Purpose of test 

7.2 Reference to this International Standard 

7.3 Description of the test specimen 

Location 
building. 

and estimated date of construction of the 

a) For the building envelope tightness test: 

1) floor area and volume of conditioned space, 
and other required dimensions of the build- 
ing; 

b) 

@ IS0 

2) the status of all openings on the building en- 
velope (latched, sealed, open, etc.); 

3) the type, configuration and capacities of the 
heating, ventilating and air conditioning sys- 
tem. i 

For the component test: 

description of the component, including area, ma- 
terials, location in the building, and other required 
data, with appropriate diagrams. 

7.4 Apparatus and procedure employed 

a) Equipment and technique employed; 

b) Calibration records for the air flow measuring sys- 
tem and the pressure-measuring device. 

7.5 Test data 

Record the following: 

a) date of test; 

b) times of beginning and end of test; 

c) table of induced pressure differences and corre- 
sponding air flows; 

d) inside and outside temperatures; 

e) 

f 1 

atmospheric pressure; 

wind speed; 

air leakage graph (see figure 1); 

the air leakage coefficients, C and CO, for both 
pressurization and depressurization tests deter- 
mined by the method given in clause 6 along with 
their confidence limits; 

other derived quantities such as leakage area and 
building airtightness at a given pressure should be 
reported, if required, and for any derived quantity, 
an estimate of the confidence interval shall be in- 
cluded in the data analysis. 

NOTE 7 Annex C describes a recommended procedure for 
estimating the errors of derived quantities. 
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@ IS0 IS0 9972: 1996(E) 

Annex A 
(informative) 

Description of equipment used to pressurize buildings 

There are several ways to pressurize the building en- 
velope. The four most common are described in A.1 
to A.4. 

A.1 Fan and duct system 

A fan is installed in a duct which is connected to the 
building (see figure A.l). 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 me- 
ter. 

Figure A.1 - Schematic layout of equipment for 
whole building test 

A.2 Blower door 

A blower door assembly is an accepted device in 
many countries for performing envelope tightness 
measurements. The assembly includes a door mount 
for a fan or blower that is adjustable to fit common 
door openings. The fan or blower should possess a 
variable-speed motor to accommodate the range of 
required air flow rates. In order to conform to this In- 
ternational Standard, a blower door assembly must be 
calibrated to produce flow measurements to the accu- 
racy specified in 4.2.3 for air flow measuring systems. 

A.3 Component ah-tightness test 
apparatus 

A component airtightness test apparatus incorporates 
an enclosure that is sized to fit the component to be 
tested (see figure A.2). 

Figure A.2 - Schematic layout of equipment for 
component airtightness test using a pressurized 

enclosure 

A.4 Building HVAC system fans 

To determine the airtightness of large buildings, it is 
possible to use the building ventilation system fans for 
pressurization and depressurization of the building if 
the heating, ventilating and air conditioning (HVAC) 
system has fresh air intakes and exhausts. Since it is 
often difficult to satisfy accepted criteria for air flow 
rate measurements in ducts in an actual HVAC sys- 
tem, the air flow rate can be determined by using a 
constant injection of tracer into the air stream entering 
or leaving the building. The air flow rate is determined 
from 

v=4 
WB 

. 

where 

. . (Al) 

p is the air flow rate, in cubic metres per se- 
cond; 

9 is the tracer gas injection rate, in cubic me- 
tres per second; 

WB is the mass fraction of the tracer gas. 

7 
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Annex B 
(informative) 

Dependence of air density and viscosity on temperature, dew point 
and barometric pressure 

The air density, p, in kilograms per cubic metre, at a temperature 8, in degrees Celsius, barometric pressure, Pbar, 
in pascals, and the relative humidity, 6, in percent, can be obtained from the following equation: 

pbar - 0,378 02 Pv 
’ = 287,055(8 +273,15) 

. . . B.1) 

where pv is the partial vapour pressure of water in air given by 

Pv= 4) XPVS 

and pvs is the saturation vapour pressure of water in air at a temperature 0 obtained from the following equation: 

pvs = exp 59,484 085 - 67go’4g85 -5,02802 In@+ 273,15) 
8 +273,15 I 

. . . (B.2) 

The dynamic viscosity, 77, in Pascal seconds, at temperature, 0, in degrees Celsius, can be obtained from the fol- 
lowing equation: 

b(8 + 273,15)Op5 
rl - - . . * U3.3) 

I+ 
S 

8 + 273,15 

b is equal to 1,458 x 1 O-6 Pa l so K0,5; 

S is equal to 1 IO,4 K. 
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