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Foreword

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

Any t
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The procedures used to develop this document and e intended for i irther ma
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteriajng

rights. ISO shall not be held responsible for identifying any or all such patent righ
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nvironment, Subcommittee SC 1, Test and measurement methods.
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Introduction

The fan-pressurization method is intended to characterize the air permeability of the building envelope
or parts thereof. It can be used, for example,

a)

tightness specification,

b)
‘)

to measure the air permeability of a building or part thereof for compliance with a design air-

to compare the relative air permeability of several similar buildings or parts of buildings, and

to determine the air-leakage reduction resulting from individual retrofit measures applied

increme

The fan pres
method can |

Other methg
the air infilt
performance

The fan-pres
outside to in
construction

The proper

pressure me
small tempe
recognized
outdoor tem

tally to an existing bpullding or part or bullding.

urization method does not measure the air infiltration rate of a building. The results
be used to estimate the air infiltration rate and resulted heat load by means,of calcul

ds, like tracer gas, are applicable when it is desired to obtain a direct’measurem
ration rate. A single tracer gas measurement, however, gives limited information (
of ventilation and infiltration of buildings.

surization method applies to measurements of air flow through the construction|
side or vice versa. It does not apply to air flow measuremérts from outside throug
and back to outside.

ise of this International Standard requires knowledge of the principles of air floy
asurements. Ideal conditions for the test described in this International Standar
Fature differences and low wind speeds. For tests conducted in the field, it needs
hat field conditions can be less than ideal. Nevertheless, strong winds and large in
perature differences are to be avoided.

bf this
htion.

bnt of
n the

from
h the

v and
d are
to be
door-

Vi
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Thermal performance of buildings — Determination of air
permeability of buildings — Fan pressurization method

1 S

cope

This International Standard is intended for the measurement of the air permeability of buildings or

1rization of a

parts
build
of in

This
single
treatg

zones.

Interpational Standard does not address evaluation of air permeability of individual comp

2 N
The fi

indispensable for its application. For dated references; only the edition cited applies.

referg

[SO 7

3 7

3.1
For th

3.1.1
air le
air fld

Note
there

!

of hni]r‘ingc inthe field It cpnr‘iFinc the use of mechanical prnccnrivafinn or anrncc

ng or part of a building. It describes the measurement of the resulting air flow rates
or-outdoor static pressure differences.

ternational Standard is intended for the measurement of the air leakage of building
-zone buildings. For the purpose of this International Standard, many multi-zone bui
d as single-zone buildings by opening interior doors or by inducing-equal pressure

ormative references
bllowing documents, in whole or in part, are normatively referenced in this docur

nces, the latest edition of the referenced document (including any amendments) app

B45, Thermal insulation — Physical quantities and definitions

erms, definitions, and symbagls

Terms and definitions

e purposes of this docuiment, the terms and definitions given in ISO 7345 and the fol

hkage rate
w rate across,the building envelope

| to entry=~This movement includes flow through joints, cracks, and porous surfaces, or
f, indueed by the air-moving equipment used in this International Standard (see Clause 4).

3.1.2

buildﬁng pnvplnpp

over a range

envelopes of
dings can be
s in adjacent

bnents.

nent and are
For undated
ies.

owing apply.

h combination

boundary or barrier separating the inside of the building or part of the building subject to the test from
the outside environment or another building or another part of the building

3.1.3

air change rate
air leakage rate per internal volume across the building envelope

3.14

air permeability
air leakage rate per the envelope area across the building envelope
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3.1.5

specific leakage rate
<envelope> air leakage rate per the envelope area across the building envelope at the reference pressure

difference

3.1.6

specific leakage rate

<floor> air le
difference

3.1.7

effective leakage area

akage rate per net floor area across the building envelope at the reference pressure

leakage arealcalculated at the test reference pressure differences across the building envelope

3.1.8
specific eff
<envelope>
difference

3.1.9
specific effec

tive leakage area
akage area per the envelope area across the building envelope at the reference prgssure

tive leakage area

<floor>leakage area per net floor area across the building envelope at thereference pressure diffgrence

3.1.10

to close an qpening

to set an opep

increasing the airtightness of the opening

Note 1 to entrfy

3.1.11

to make an o

to seal an olrbening

ing in close position using the closing device present on the opening without additipnally

: If there is no way to close the opening (i.e. without closing device), it remains open.

ening hermetic by any appropriaté.means (adhesive, inflatable balloon, stopper, etc|)

© ISO 2015 - All rights reserved
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3.2 Symbols

Symbol Quantity Unit

Ag envelope area m?2

Af floor area m2

ELApr effective leakage area at the reference pressure difference m?2

ELAgpr specific effective lea1_<age area per the building envelope area at the m2/ m2
reference pressure difference

ELAfpr specific efJf.ecz:tive leakage area per the floor area at the reference m2/ m2
presstre-difference

Cenv air flow coefficient m3/(h-Pah)

CL air leakage coefficient mB3/(h-Pay)

Npr air change rate at the reference pressure difference h1

p pressure Pa

Pbar uncorrected barometric pressure Pa

Dv partial water vapour pressure of water Pa

Dvs saturation vapour pressure of water Pa

qs0 air leakage rate at 50 Pa m3/h

qEpr specific leqkage rate per the building envelope area at the reference m3/(h'm?2
pressure difference across the envelope

qFpr ?pecific leakage rate per the floor area atthe reference pressure dif- m3/(h-m?2
erence across the envelope

qm measured air flow rate m3/h

Qpr air leakage rate at the referenc¢e'pressure difference m3/h

qr readings of air flow rate m3/h

|4 internal volume m3

Ap induced pressure difference Pa

Apo zero-flow pregsure difference (average) Pa

Apo,1{Apo,2 Zerq-flow préssure difference before and after the test (air moving Pa
equipmentclosed)

Apo+;|Apo- average-of the positive and negative values of zero-flow pressure dif-
fefence (+ and - mean positive pressure and negative pressure across |Pa
the'envelope respectively)

Apm measured pressure difference Pa

Apr reference pressure difference Pa

10} relative humidity —

To absolute temperature at standard conditions K

Te external air absolute temperature K

Tint internal air absolute temperature K

6 Celsius temperature °C

p air density kg/m3

Po air density at standard conditions kg/m3

Pe external air density kg/m3

Pint internal air density kg/m3

© IS0 2015 - All rights reserved 3
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4 Apparatus

4.1 General

The following description of apparatus is general in nature. Any arrangement of equipment using
the same principles and capable of performing the test procedure within the allowable tolerances is
permitted. Examples of equipment configurations commonly used are indicated in Annex A.

Periodic calibration of the measurement system, used in this test method, according to manufacturer
specifications or to standardized quality insurance systems is required.

4.2 Equipment

4.2.1 Air-moving equipment

Device that i capable of inducing a specific range of positive and negative pressure.differences gcross
the building|envelope or part thereof. The system shall provide a constant air flow’at each prgssure
difference fof the period required to obtain readings of air flow rate.

4.2.2 Pressure-measuring device

Instrument dapable of measuring pressure differences with an accurdagy-of +1 Pa in the range of (f Pa to
100 Pa.

4.2.3 Air flow rate measuring system
Device capahle of measuring air flow rate within +7 % of/the reading.

Care shall bg taken if the principle underlying the measurement of volumetric flow rate is an ofifice.
The reading pf the air flow rate shall be correctedacctording to air density [see Formula (2)].

4.2.4 Temperature-measuring device

Instrument dapable of measuring temperature to an accuracy of 0,5 K.

5 Measurement procedure

5.1 Measurement conditions

5.1.1 General

There are twlo modes for this measurement procedure depressurlzatlon or pressurlzatlon of a bujilding
or part of a builc , il elope can be
measured. The accuracy of thls measurement procedure is largely dependent on the 1nstrumentat10n
and apparatus used and on the ambient conditions under which the data are taken.

NOTE1 Pressurization means that the pressure inside the building is higher than outside. Depressurization
means that the pressure inside the building is lower than outside.

NOTE 2  Ifthe product of the indoor/outdoor air temperature difference, expressed in Kelvin, multiplied by the
height, expressed in metres, of the building or measured part of the building gives a result greater than 250 mK,
it is unlikely that a satisfactory zero-flow pressure difference can be obtained (see 5.3.3).

NOTE 3  If the wind speed near the ground exceeds 3 m/s or the meteorological wind speed exceeds 6 m/s or

reaches 3 on the Beaufort scale, it is unlikely that a satisfactory zero-flow pressure difference can be obtained
(see 5.3.3).

4 © IS0 2015 - All rights reserved
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5.1.2 Measured extent

The extent of the building or part of the building measured depends on the purpose of the test and is
defined as follows.

a)

b)

)

d)

Normally, the part of the building measured includes all deliberately conditioned rooms (i.e. rooms
that are intended to be directly or indirectly heated, cooled, and/or ventilated as a whole).

If the aim of the measurement is compliance with the air-tightness specification of a building code

or standard and the measured extent is defined in this code or standard, the measu
defined as in this code or standard.

red extent is

[fthe aim of the measurement is compliance with the air-tightness specification of a puilding code

of standard and the measured extent is not defined in this code or standard, the mea
i defined as in a).

I special cases, the measured extent can be defined in agreement with the’cliént.

Indiv]dual parts of a building can be measured separately, e.g. in apartment buildings, eaq
can he measured individually. However, interpretation of results shall”consider that
measfired in this way can include flow through leaks to adjacent parts of the building.

NOTE|1 It is possible that an apartment building meets air-tightness requirements, but thatf
indiviflual apartments do not.

NOTE|2  Good practice requires measuring pressures inducéd in adjoining spaces, such as
basenjent or adjacent apartments, since air flow into or out ofthese spaces can be induced by the t¢

5.1.3| Time of measurement

The nmpeasurement can take place only after the completion of the envelope of the building
buildjng to be tested.

NOTE

allow Jeakages to be repaired more easilythan after the building has been completed.

5.2

Preparation

5.2.1| Building preparation methods

This International Stafidard describes several types of test methods depending on the |
prepdration of thebuilding depends on the test method selected.

a)

b)

c)

Method. Inis'the test of the building in use where the natural ventilation opening beir
the whole building mechanical ventilation or air conditioning opening being sealed.

sured extent

h apartment

air leakage

one or more

the attic and
bst method.

br part of the

A preliminary air permeability-ineasurement of the air barrier of the building under copstruction can

burpose. The

g closed and

Method 2 is the test of the building envelope where all the intentional openings hei

g sealed, the

doors, windows, and trapdoors being closed.

Method 3 is the test of the building for a specific purpose, the treatment of the intentional openings

being adapted to this purpose according to the standard or policy in each country.

NOTE The choice of the method depends on the purpose of the test. For example, the meth
used in the context of clean rooms, method 2 to compare different construction techniques, and method 3, for
compliance with the air-tightness specification of a building code or standard, in the context of calculation of
energy performance of buildings.

od 1 could be

5.2.2 Heating, ventilation and air conditioning systems and other building equipment

All devices taking air from or rejecting air to outside, which are not used for the intentional (de-)
pressurization according to 5.2.5, shall be turned off, e.g. heating systems with indoor air intake,

© ISO 2015 - All rights reserved
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mechanical ventilation and air conditioning systems, kitchen hoods, tumble-dryers, etc. Water traps in
plumbing systems shall be filled with water or sealed.

Open fireplaces shall be cleared of ashes.

Take measures to avoid exhaust hazards from heating systems. Take into account heating sources in
adjacent apartments.

5.2.3

Intentional openings in the envelope

For the purpose of method 1:

Close all win
Ventilation o
Openings for
a)
b)
c)

Other intent
conditioning

either al

the open

Fire-guards
guards that
and smoke-g

Openings no
wall, combusg

Do not take 4

For the purp

Close all win

dows, doors and trapdoors in the envelope.
penings in the envelope for natural ventilation shall be closed.

whole building mechanical ventilation or air conditioning shall be sealed;i.e/to seal

either thie main ducts, between the fan and the building envelope,

the individual air terminal devices, or
ings to the outside (intakes and exhaust).

jonal openings in the envelope including intermittent use mechanical ventilation
shall be closed.

pr air

and smoke-guards shall be in their normal positien of use, e.g. fire-guards and sioke-

hre usually closed and that open automatically in case of fire remain closed; fire-g

intended for ventilation in the envelope, for example, postbox installed at external d
tion appliance and so on, shall be closed. The cracks in the envelope are excluded.

ny further measures to imprové the air-tightness of the building envelope.
bse of method 2:

dows, doors, and trapdoofs in the envelope.

Ventilation openings for naturakventilation shall be sealed. Openings for mechanical ventilation

conditioning]

shall be sealed-as’specified for method 1.

All remaininfg intentionallopenings in the envelope shall be sealed, except the windows, door

trapdoors wl

For the purp

nich remdin‘closed.

hse.ofinethod 3:

The intentio

uards that are normally open and that close@itomatically in case of fire remain oper.

uards
]

pOr or

or air

5, and

ecific

A ananinac in tho anuvalanae chall ha clacad caoalad aor anan accarding 0 tha o
O O P CITTgo il tIfc CIly CIop e ool Do CrooTt; oo oo, o op oot TcoTrorit TO—TIICO

purpose of the test (for example, for compliance with the air-tightness specification of a building code

or standard)

Openings not intended for ventilation in the envelope shall be closed, sealed, or open according to the
specific purpose of the test.

For the purpose of all methods

Make general observations of the condition of the building. Take notes on the windows, doors, opaque
walls, roof and floor, position of adjustable openings and any sealing applied to intentional openings.

© ISO 2015 - All rights reserved
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Table 1 — Conditions of openings in the measurement

Method 1 Method 2 Method 3
Classification of openings of buildings | Building in use | Building enve- | Specific purpose
lope

Ventilation openings for natural ventila- |closed sealed Closed, sealed, or
tion open as specified
Openings for whole building mechanical |[sealed sealed Closed, sealed, or
ventilation or air conditioning open as specified
Openings for mechanical ventilation or closed sealed Closed, sealed, or
air cqnditioning (only intermittent use) open.als specified
windpws, doors, and trapdoors in enve- |closed closed Closed, sealed, or
lope open afs specified
openfngs not intended for ventilation closed sealed Closed, sealed, or

open as specified
5.2.4| Openings inside the measured extent
The eptire building or part of the building to be tested shall be configured to respond to pressurization

asas

All interconnecting openings (door, trapdoor, etc.) in the part of the building to be te

opene

For p
to ele

5.2.5

Conn
Ensui

If the

arranjge the fans and dampers/to allow the system to pressurize or to depressurize the

mann

NOTE
select

5.2.6

ngle zone.

d.

"actical and safety reasons, it is allowed to keep some doors closed, for example, the
vators or to high-voltage cabins.

Air-moving equipment

ect the air-moving equipment to the building envelope using a window, door, or V
e that the joints between the equipment and the building are sealed to eliminate anyj

building heating, ventilation and air conditioning system is used as the air-movin

er such that the totakinward or outward air flow rate can be measured (see A.4).

Proceed carefuilly when selecting the position of the air-moving equipment. It is pos

Pressure measuring devices

tted shall be

access doors

ent opening.
leakage.

b equipment,
building in a

sible that the

bd door, windew;er vent is a major air leak of the building and is excluded from the measurenjent due to the
presence of the airsmoving equipment.

The i

hdoor/outdoor pressure difference is usually measured at the lowest floor level of]

the building

envelope under consideration.

NOTE

In tall buildings, it is good practice to measure the pressure difference at the top floor level of the
building envelope under consideration as well.

Ensure that interior and exterior pressure taps are not influenced by the air moving equipment. The
exterior pressure tap should be protected from the effects of dynamic pressure, e.g. by fitting a T-pipe
or connecting it to a perforated box. Especially in windy conditions, it is good practice to place the
exterior pressure tap some distance away from the building, but not close to other obstacles.

For measuring the pressure, the tubing shall not be exposed to large temperature differences (e.g. due
to the sun).

© ISO 2015 - All rights reserved
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5.3 Steps of the procedure

5.3.1 Preliminary check

Always check the complete building envelope at approximately the highest pressure difference used
in the test for large leaks and failings of temporarily sealed openings. If such leaks are detected, take
detailed notes.

Any temporary sealing found missing or deficient, e.g. of heating, ventilation and air conditioning
components, shall be fixed at this time.

5.3.2 Temperature and wind conditions

To correct tHe air flow rate measurement for air density, read the temperature inside and,eutside the
building befdre, during or after the test.

Record the wind speed or force. Determining wind force by visual assessment of trees, water, gtc., in
terms of the Beaufort scale (see Table D.1) is sufficient.

5.3.3 Zerd-flow pressure difference

Short-circuit/the pressure-measuring device and check or adjust the zeforeading at the starting jof the
testing.

Temporarily|cover the opening of the air moving equipment and copnect the pressure measuring device
to measure ipside-outside pressure difference. Record the vali€s of the zero-flow pressure diffdrence
over a period of at least 30 s (minimum 10 values) and calculate

— the average of the positive values of zero-flow pressure difference, Apg1+,

— the average of the negative values of zero-flow pressure difference, Apg1-, and
— the average of all values of zero-flow pressure difference, Apo1.

Repeat this grocess at the end of the test (o obtain Apg2+, Apoz-, and Apg2).

If the absolufe value of Apo1+, Apo1-{ Apo2+, or Apo2- is higher than 5 Pa, the test shall be declar¢d not
valid. If a teqt report is produced/for such a test, this failure to meet required test conditions shall be
stated in the|test report.

NOTE Th reference pressure value (zero) is outside.

5.3.4 Pressure difference sequence

Uncover and|tupfi n the air-moving equipment.

The test is cdrriedout b_y ta}xius meastrementsofairflow rateandindoor-outdoor pressure difference
over a range of applied pressure differences in increments of no more than approximately 10 Pa. For
each test, at least five approximately equally spaced data points between the lowest and the highest
pressure differences shall be defined.

The lowest pressure difference shall be approximately (i.e. with an allowance of +3 Pa) 10 Pa or five
times the value of the zero-flow pressure difference (Apo1), whichever is the greater.

The highest pressure difference shall be at least 50 Pa, but it is recommended that readings are taken at
pressure differences up to 100 Pa for best accuracy of calculated results.

However, because of the large size of many non-domestic buildings and practical limitations on the
capacity of portable air-moving equipment used to test them, it can be found that a pressure difference of
50 Pa is not achievable. In these cases, either additional air-moving equipment or air-moving equipment
with higher capacity should be employed (to increase total capacity) and/or the test may be carried out
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up to the highest pressure difference that can be achieved with the available air-moving equipment. In
such cases, the test shall not be valid unless a pressure difference of 25 Pa can be achieved. Where the
highest pressure difference is between 25 Pa and 50 Pa, this shall be clearly recorded in the test report
with a statement that the requirements of this International Standard have not been fully met and an
account of the reasons why. An alternative solution is to measure large buildings by dividing into some
small parts.

It is recommended that two sets of measurements be made: for pressurization and depressurization.
However, it is permitted to make only one set of measurements for either pressurization or
depressurization and still comply with the requirements of this International Standard.

NOTE 1 Itis more precise to take data at higher pressure differences than atlower differences. Therefore, it is
imporftant to exercise special care when measurements are taken at low pressure differences.

NOTE|2 Itis advisable to check that the condition of the building envelope have not changed dufing each test,
for expmple, that sealed openings have not become unsealed or that doors, windows, ordampers have not have
been fprced open by the induced pressure.

6 Expression of results

6.1 |Reference values

refergnce values could be used, such as, for example, the wall and roof envelope area, or the envelope
area through which heat losses are considered in the calculation of the energy performancg of buildings.
If such values are used, they shall be defined in the report.

Depei\ding on the purpose of the test, possibly for compliance t0 a building code or standayd, additional

6.1.1 Internal volume
The ipternal volume, V, is the volume inside the building or measured part of the building.

Overdll internal dimensions shall be used to calculate this volume (see Figure 1). No subfraction shall
be made for the volume of internal walls or floors. No subtraction shall be made for the yolume of the
cavities inside the building envelope.

The vplume of the furniture is not subtracted.

6.1.2| Envelope area

The gnvelope area)pAg, of the building or measured part of the building is the total area|of all floors,
walls| and ceilings;bordering the internal volume. This includes walls and floors below extgrnal ground
level.

Overdll inteérnal dimensions shall be used to calculate this area, e.g. the floor area may be galculated as
multiplied the length 2 by the length 4. No subtractions shall be made for the area at juncti¢n of internal
walls, floors, and ceilings with exterior walls, floors and ceilings (see Figure 1).

NOTE In the context of this International Standard, the envelope area of a row house includes the division
wall(s). The envelope area of an apartment in a multiple story building includes the floors, walls and ceilings to
adjacent apartments.
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Key A’\@
1 outside \O
2 overall infernal width \{‘
3 inside ’\\Q
4  overall infernal depth ®~ F)
Figure 1 rall internal dimension of the plan

O.

6.1.3 Netfloor area %\

The net floor area, A, 1%?’1'6 total area of all floors belonging to the building or measured part

building. It if calcula

Q

6.2 Calcul ag\mf the air leakage rate

ccording to national regulations.

pf the

Subtract the average zero-flow pressure difference (offset) from each of the measured pressure

differences, Apn, to obtain the induced pressure differences, Ap, using Formula (1).

10 © IS0 2015 - All rights reserved
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Attention shall be drawn to plus or minus signs.

Apg1+A4pg

ApzApm— >

)

First, convert the readings, gy, of the air flow rate measuring system into measured air flow rates, g,
at the temperature and pressure at the flow measuring device in accordance with manufacturer’s
specifications:

am=f(a;) (2)

Then) convert the air flow rates, qnm, to air flow rates, geny, through the building. pnvelope for
deprgssurization using Formula (3).

Pi T
q(nv=qm[ ‘nthqm[ ¢ j (3)
Pe Tint
where
Plnt is the internal air density, in kg per cubic meters;

Pk is the external air density, in kg per cubic meters;
Tint is the internal air absolute temperature, in K;
Tk is the external air absolute temperature, jn-K.

Convért the measured air flow rate, qn, to airgflow rate through the building envelgpe, geny, for
pressprization using Formula (4).

P T;
Agnv =9m [_equm [;W_ntj 4)
Pint e

Plot the air flow rate through the'building envelope against the corresponding pressurg differences
on a log-log plot to complete the)air leakage graph for both pressurization and depressurization (see
Figurg 2).

The cpnverted data shallbe used to determine the air flow coefficient, Cepy, and air flow exponent, n, in
accorflance with Formula (5) using a least squares technique:

n
Agnv = Cenv (Ap) (5)
wherg
n istheair flowexpornent;
Ap is the induced pressure difference, in Pa;

Qenv  isthe air flow rate through the building envelope, in cubic meters per hour.

In determining the fit of Formula (5), the confidence intervals of the derived air flow coefficient, Cepy,
and air flow exponent, n, should be calculated.

NOTE Cenv and n can be calculated using the procedure of Annex C.
Also, the coefficient of determination (of the log-log plot) r2 shall be calculated.

Cenv, n, and r2 shall be calculated separately for pressurization and depressurization.

© IS0 2015 - All rights reserved 11
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For test results to be valid in terms of this International Standard, n shall be in the range 0,5 to 1 and r2
shall be not less than 0,98.

Y 2 000
1 o
1000 / L
800 /
o or—
000 %
—4@@%’6’
-
300 E
200
100
10 20 30 40 60 80~ 100 X
Key
X  pressure flifference, expressed in Pascal
Y air flow rjite, expressed in cubic meters per hour
1  pressurizption
2 depressufisation

Figure 2 — Example of an\air leakage graph

The air leakage coefficient, C1, is obtained by.correcting to the air flow coefficient, Cepy, to standard
conditions [20 °C and 1,013 x 105 Pa], using Formula (6) for depressurization and Formula (J) for
pressurizati¢n:

1-n T 1-n
Jo}
CL=Ceny (_e] ~Ceny [_0] (6)
Po Te
where
P0 s the air denSity at standard conditions, in kg/cubic meters;
To s the air-absolute temperature at standard conditions, in K.
1-n
(g (1)
CL=Ceny L J = Ceny L_J (7)
Po Tint

Annex B contains the appropriate tables and formulae for the temperature, barometric pressure, and
relative humidity dependence of p. In general, the effect of barometric pressure is negligible. If it is to
be considered, use the uncorrected barometric pressure measured on site or the barometric pressure
according to height above sea level. Relative humidity can be set to 0 % (dry air).
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The air leakage rate, qpy, at the reference pressure difference, Apy, expressed in m3/h, is determined
using Formula (8):

Apr =Cy, (Apr)n

The pressure reference for the air leakage rate is usually equal to 50 Pa.

6.3

6.3.
Derived quantities are calculated for the mean air leakage rate at the reference pres

pressurization and the depressurization test. However, in case the test haS’been done f
only, ise the air leakage rate available.

6.3.

The ajr change rate, npy, at the reference pressure difference is ¢dlculated by dividing the air

at the same reference pressure difference by the internal volume according to 6.1.1 using |
nj.= Tor
Bpr 1%

The pressure reference for this derived quantity.isiusually equal to 50 Pa.

EXAMPLE

6.3.

The specific leakage rate{envelope), ggpr, at the reference pressure difference, is calculate

the

using|Formula (10);

The pressure reference for this derived quantity is usually equal to 50 Pa.

e.g. qs0=Cy,(50Pa)"

(8)

n = 1 Lran
vclived udIIttacs

1| General

2| Air change rate at reference pressure difference

_ 950

n-
b0 %

3| Specific leakage rate-(envelope)

air leakage rate atthe€ same reference pressure difference by the envelope area accoj

_ 9pr.

ql‘pr AE

sure for the
or one mode

leakage rate
Fformula (9):

9

d by dividing
ding to 6.1.2

(10)

EXAMPLE

950

qEs0 = Ag
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6.3.4 Specific leakage rate (floor)

The specific leakage rate (floor), grpr, at the reference pressure difference, is calculated by dividing
the air leakage rate at the reference pressure difference by the floor area according to 6.1.3 using
Formula (11):

9p
AFpr =

r

Ap

The pressure reference for this derived quantity is usually equal to 50 Pa.

EXAMPLE

qs

QHOZZ

6.3.5 Effeg

The effectiv

Formula (12]:

ELA,, =

The pressurg

6.3.6 Spec

The specific
difference by

ELAgp, =

The pressure

EXAMPLE

ELAElO =

6.3.7 Sped

The specific

3600

tive leakage area

e leakage area, ELApy, at the reference pressure difference, Apy~is calculated

0:5 0,5
cL[ j (4p, )™

reference for this derived quantity is usually equal to 10 Pa.

L (po

2

ific effective leakage area (envelope)

eakage area, ELAgpy, is calculated with dividing the leakage area at the reference prg
the envelope area according to 6.1.2 using Formula (13):
ELA,,

Ag

reference for this deriyed-quantity is usually equal to 10 Pa.

ELAq,
Ag

ific effective leakage area (floor)

eakage area, ELAppy, is calculated with dividing the leakage area at the reference prg

difference by

ELAgy, =——-

the floorareaaccording to 6-1-3 Using Formuta (1)

The pressure reference for this derived quantity is usually equal to 10 Pa.

EXAMPLE

14

ELAj,

F

(11)

using

(12)

ssure

(13)

ssure

(14)
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7 Testreport

The report shall contain at least the following information:

a)

b)

‘)
d)

)

g)

all details necessary to identify the object tested: postal address (including apartment number if
any) and estimated date of construction of the building;

areference to this International Standard, i.e. ISO 9972, and any deviation from it;

method of test (1, 2, or 3) and mode of test (pressurization, depressurization, or both);

test object:

N O U W Nk

o8]

4

S 1 b W N

o N

description of which parts of the building were subject to the test;

internal volume of space subject to the test;

documentation of calculations, such that the stated results can be verified;
the status of all openings on the building envelope, closed, sealedfopen, etc.;
detailed description (including means) of temporarily sealed‘openings, if any;
the position of the sealing of the mechanical ventilationsifany;

the type of heating, ventilating and air conditioningsystem;

pparatus and procedure, i.e. equipment and technigue employed;

st data:

zero-flow pressure differences Apg 1+, Apo,1-, Apo,2+, Apo,2-, Apo,1, and Apyg 2 for pj
and depressurization test;

inside and outside temperatures;

wind speed, barometric pressure, if it is part of the calculation;

table of induced pressure differences and corresponding air flow rates;
air leakage graph/fseé Figure 2, for example;

the air flow_¢oefficient, Cepy, the air flow exponent, n, and the air leakage coeff
both pressurization and depressurization tests;

any de€rived quantity and corresponding reference value according to national reg

hte ofitest.

8 Uncertainty

8.1 General

essurization

cient, Cr, for

ulation.

The overall uncertainty of a pressurization test depends on many factors. For any derived quantity, an
estimate of the confidence interval should be included in the data analysis.

NOTE

Annex C describes a simplified procedure for estimating the uncertainty of the derived quantities of C
and n. This uncertainty is not the uncertainty of the measurement.

© ISO 2015 - All rights reserved
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8.2 Reference value
The accuracy of reference values can be estimated using error propagation calculation.

NOTE Typically, the uncertainty is between 3 % and 10 %.

8.3 Overall uncertainty

The overall uncertainty in the derived quantities described in 6.3.1 to 6.3.7 of a pressurization test made
in accordance with this International Standard can be estimated using error propagation calculation.
This calculation should include uncertainties of all quantities used for the final result.

NOTE In falm conditions, the overall uncertainty is lower than 10 % in most cases. In windy conditiens, the
overall uncertfainty can reach +20 %.
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Annex A
(informative)

Description of equipment used to pressurize buildings

General

Therd

are several ways to create a negative or positive pressure in the building envelo

comnpon are described in A.2 to A.4.

A2

An as
The s

Fan and duct system

sembly, including a fan, a duct and an airflow meter, is connected te'‘the building (se
ze of the air duct and the capacity of the fan are matched so thatthe linear flow ve

the ailr duct falls within the range of measurement of the air flow meter.

S \=A
I
B

____________ I_
'Erl'l_:ll_Hl_”I_lII_lII_IH_IH_Hl_lll_lll_lll_lll_ll A=

be. The most

e Figure A.1).
locity within

(€2 B O N

pressure-measuring device
temperature-measuring device
airflow measuring system

fan control

fan

Figure A.1 — Schematic layout of equipment for whole building test
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A.3 Blower door

A blower door assembly is a device used for performing envelope permeability measurements. The
assembly includes a door or window mount for a fan or blower that is adjustable to fit common door or
window openings. The fan or blower should possess a variable speed motor to accommodate the range
of required air flow rates.

A.4 Build

ing heating or ventilation and air conditioning system fans

To determine the air permeability of large buildings, it can be possible to use the fan for building

ventilation s

ystem for pressurization and depressurization of the building. An initial site insp

ction

is advisable
possibility o
means of con
fan speeds).’
selected.

Since it is oft
heating, ven{

a constant imjection of tracer gas into the air stream entering the building,*The air flow rate,

expressed in|

Qenv,s = ;?_
B
where
q s the tracer gas injection rate, in m3/s;
WB s the tracer gas concentration, in m3/mS,

Particular ca

(e.g. by a building energy management system) to ensure that they can be operated independen

required for
might also h

o establish the number of main supply (or exhaust) fans, likely air flow performahng
operating the fans with either 100 % outside air or 100 % exhaust air, and the ava

[he duct system can also be examined and suitable locations for air flow rate measurel

en difficult to satisfy accepted criteria for air flow rate measurements.in ducts in an {
ilation and air conditioning system, the air flow rate, genv,s, can“be determined by

m3/s (see Figure A.1), is determined using Formula (A.1).

re is required where dampers ahd/or fan speeds are normally controlled automat

the test. Some heating, ventilation and air conditioning system interior grilles or opg
ve to be sealed in order to perform the test.

e, the
ilable

trolling the supply (or exhaust) air flow rates (e.g. adjusting damper openings ¢r-adjisting

nents

nctual
using

(env,s

(A1)

ically
tly as
nings

18
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Annex B
(informative)

Dependence of air density on temperature, dew point,

barometric pressure

and

ir density, p, expressed in kilograms per cubic metre, at a temperature, 8, expressed in degrees

Celsiu
perce

wher¢

Dy

wher

p

For iy
humi
test.

s, barometric pressure, ppar, expressed in Pascal, and the relative humidity, ¢,
nt, can be obtained by Formula (B.1):

Ppar —0,37802p,,

~ 287,055(6+273,15)
' is the partial water vapour pressure in air calculated usjig Formula (B.2).
(= P Dbvs
s is the saturation water vapour pressure in\dir at a temperature, 8, obtained ug
mula (B.3).
790,4
| —exp| 59,484 085 27204985 5 1og021n(6+273,15)
6+273,15

strument capable of measuring relative humidity, the required accuracy will be +
lity value is measured at the outside for pressurizing test, and at the inside for de

bxpressed in

(B.1)

(B.2)

ing For-

(B.3)

b %; relative
pressurizing
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Annex C
(informative)

Recommended procedure for estimating uncertaintyin derived

This Interna

quantities

tional Standard contains several derived guantities which are often used to summarize the

air permeab
all derived q
n, of Formul
reading to dg

x; = In(Af

yi=In(q;

where N is th

y=In(C

Compute the

lity of the building or part of the building tested. The following method is recomme
hantities depend on the estimation of the air leakage coefficient, C, and air flow-exp
i (5) to Formula (7). Make a logarithm transformation of the variables g and)Ap fof
termine C and n.

i)
)

e total number of test readings. Formula (5) then transferms to Formula (C.1).

fori=1..N

+nx

following quantities:

nded:
nent,
each

€.1)

(C.2)

(C.3)

(C.4)

(C.5)

(C.6)

An estimate of the confidence intervals of C and n can be determined as follows.

20

€.7)

(C.8)

(C9)
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The standard deviation of n is given by Formula (C.10):

J;

1

2
sy, —ns
Sy =— y X (C.10)
Syl N-2
The estimate of the standard deviation of In(C) is given by Formula (C.11):
1
N 2
SIn(C):Sn _N (Cll)
If T(B, N) is the confidence limit of the two-sided student’s t distribution fer a probability P on N
eventfs, then half the length of the confidence intervals at that probability for’In(C) and p is given by
Formpla (C.12) and Formula (C.13), respectively:
Ih(c)=Stm(c) T (P.N-2) (C.12)
I)=s,T(P,N-2) (C.13)
The vplues of the two-sided confidence limits T(P, N) for a' student’s t distribution are givenp in Table C.1.
This means that with a probability, P, the air flow exponent, n, lies in the confidgnce interval
(n - I, n + I)) and the air leakage coefficient, C, lies'in the confidence interval given by Formula (C.14):

o

—_——

exp[-lm(c)]'ce"p[lln(c) }}

stimate of the standard deviation around the regression line [Formula (C.1)] at the v3
'mula (C.15):

The e
by Fo

1

N-1 2|2
H{TS)Z( +(X—X)2}2

f the length ofthe confidence interval in the estimate of y using Formula (C.1) at any
ila (C.16):

(x)=s:(x)T(P,N-2)=1,(In4p)

9]

N

y (%)=

Half d
Form

I

Therdfore, the air flow rate, g, predicted by Formula (5) at any pressure difference

(C.14)

lue x is given

(C.15)

x is given by

(C.16)

, Ap, with a

probability, P, lies in the confidence interval given by Formula (C.17):

{qexp[—ly In(AP)]'lep[ly In(Ap)}}
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