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ABSTRACT

There are often practical limitations to measueedintightness of a multifamily building as a whaledescribed
in EN 13829. The building may be too large; theffomay not be connected with an internal airflathp or
there may be large leaks in the stairway. In sades, the measurement is performed on a samppadfreents
for compliance check purposes, which raises a nuwibguestions especially as legal disputes maeari
Therefore, our objective was to evaluate the lititites of several sampling methods and suggest ivepnents
based on a field data from ten new multi-familyltimgs, representing 208 units. In each building,measured
a) the air tightness on the whole building, b) &cke apartment, and c) in the common areas of théimg The
envelope area was found to be the most reliablenpeter as a selection criterion for the samplinthot i.e., it
is the best parameter we found to correlate atriggs with. Our analysis also confirms that thédge in the
common areas can have a significant impact on ithpeameability of the whole building, especially the
presence of with lift shaft and/or basement parking
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INTRODUCTION

European standard EN 13829 [1] describes the memsmt method of air permeability of
buildings. This measurement is meant to be perfdrorethe whole building. In the case of
multi-family buildings, there are often practicahitations to measure the air permeability of
the whole building. The main reasons we found #re:building is too large; the floors are
not connected with an internal airflow path; or gtairway is very leaky, e.g. due to a lift
shaft or a fire access door. For these buildings common to measure the airtightness of
individual apartments separately. Note that altihotigere exist protocols to better evaluate
the leakage to the outside (i.e., avoiding doulbkents of leakage to interior spaces), they are
seldom used in practice.

Because these measurements (if they are perforaredyisually necessary for compliance
checks, some organizations or regulations proppseif&c rules a) to choose the units that
must be tested; and b) to extract the criteriavhihtoe used. Walther and Rosenthal [2] give
an overview of different sampling methods in us&imope. In Germany, at least 20% of the



total number of apartments should be tested, witbast one tested apartment at the top floor,
one at an in-between floor and one at the groumar.flin UK, zone testing should cover at
least 20% of the building’s envelope area. In Feaidcapartments have to be measured if the
building has 30 units or less, and 6 apartmenteraiise. The apartments must have the
largest ratio of floors and windows length per flayea and must be located at the top,
intermediate and ground floors. The French methad heen included in the French
application guide GA P 50-784 of EN ISO 13829 RBbwever, to our knowledge, there has
not been any careful evaluation of the relevandbesde rules.

The research project MININFIL has been conductedes?008 with the support of ADEME
and the French ministry of ecology in order to ermdeathe knowledge of professionals on the
air tightness and its impact on the energy perfocean buildings. Under the task 3 of the
project, an extensive campaign of airtightnesslfrabasurements has been carried out in ten
new multi-family buildings. In each building, ther @aightness was measured for all the
apartments and for the whole building. This papesents the approach used and analyses
performed to compare several airtightness assessmethods in muti-family buildings based
on our field data.

METHOD

The air permeability measurements have been pegtbmwith the fan pressurization method

according to the standard EN ISO 13829 [1]. The afnthe measurements was to identify

separately the air permeability of each apartntéetcommon areas, and the whole building.

Therefore, three types of air permeability measer@s) have been carried out in each

building:

1. Individual measurements of the air leakage ratel &a “Qpa_apar (m%h) of each
apartment of the building with a blowerdoor posigd on the entrance door of the
apartment. The entrance door of the building iy fopened.

2. A measurement of the air leakage rate at 4 Paa‘Ghole building Of the whole building,
including leakages in apartments and common afdas.measurement is realized with a
blower door using a single or double fan. The blode&or is located at the entrance door
of the building. The doors between apartments amahecon areas are fully opened.

3. A measurement of the air leakage rate at 4 P, &@mmon areadf the common areas. This
measurement is similar to the previous, but tmsetthe doors between apartments and
common areas are closed, in order to eliminate l¢h&age in apartments from the
measurement. This requires that the doors aregair-tAdditional tightening of the doors
was done if necessary.

Table 1 presents the multi-family buildings chagaistics. The number of apartments per

building varies between 12 and 38, and the numb#redlevels between 2 and 7. The volume

of buildings varies between 2365 and 5704 i) with 2 buildings larger than 4000°m

Buildingcode BO1 B02 BO3* B04 BO05* BO06 BO7 B08 B09 B10

# of levels 4 3 2 4 3 5 5 4 7 5
# of flats 17 12 17 20 16 17 17 16 38 36
Area (m?) 1325 956 1266 1486 1150 1455 1248 1375 2256 2246

Volume (m®) 3280 2365 3150 3700 2893 3544 3446 3031 5704 5175

Table 1: The description of the assessed buildings.

The measurements have been done at the end ofuilding construction. All of the
apartments were unoccupied, in order to facilithgeaccess to all the parts of the building.
However, the global measurements of buildings B@34 BO5* have been disturbed by the



presence of workmen during the tests. Therefoeegtbbal measurements for these building
will not be considered in the analysis.

RESULTS

In France, the air permeability 4Q.su (M*h/n?) is calculated as the ratio between the air
leakage rate at 4 Pa and the envelope area olitlikng except the floors area 1Anr". The
new thermal regulation sets the limit value requifer air permeability to 1.0 ¥h/n? for
multi-family buildings. This value is based on tResnch regulatory low-energy building
standard (BBC-Effinergie). We present the resuksehwith the French air permeability
indicator.

The ten buildings represent a total of 208 apartmédfor the individual measurements, more

than half of the apartments (52%) show lower resthian the limit value of 1.0 Yn/n?. For

the measurement of the whole buildings, only thmeddings (over eight) are lower than the

limit value. The major part of the leakage in thma@ments (40%) has occurred across the
fenestration (joints at window sash, window silidashutter box), while 30% of the leakage
occurs at the joints of hatch and ducts, and 25fésache electricity plugging. The leakage
across the joints between walls and slabs aregiblgli

Figure 1 presents the results of the individual atle measurements for each building.

Figure 1 shows that that the individual measuremenit air permeability are very

heterogeneous between buildings, and between agradnin the same building in some

cases. Based on our observations, the buildingbeatassified into two major categories:

— Buildings B05*, B06, BO7 and B08 having the wholeasurement and the individual
measurements globally below the required limit eal.0 ni/h/n7). For these buildings,
the individual measurements are uniform and vagy marrow range.

— For the other buildings, both the whole measurenagick the median of the individual
measurements are greater than the limit value. imbidual measurements in each
building are very heterogeneous and vary in a waage. In BO9, the upper value of the
individual measurements is almost ten times grehter the lower value.
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Figure 1: Box plot of the measured air permeabildjues in each building: the box lines indicate shatistic
results of individual measurements and the red siadicate the measurement of the whole buildingach
case. The whole measurements of BO3* and BO5*haee kxcluded.

Analysis of the selection criteria

GA P50-784 evaluates the air permeability of theolhbuilding through the weighted
average of the sample of apartments. Besides i doé impose any requirement on the



individual measurements. However, it requires coamgke of the sample to a selection
criterion meant to avoid samples heavily biasedatol favourable units. This criterion is
based on the ratio of the length of floor and wind@er unit of floor area “(PVI+PI)/Shl”.
The method requires the selection of apartments thé largest value of this ratio, as they are
considered to be potentially the leakiest apartsient

Figure 2 shows on the left hand-side the variatibthe air leakage rates at 4 Pa versus this
ratio. It shows no significant correlation betwaéese two parameters (r?=0.02); in fact, if
anything, the air leakage rate seems to decreabethis ratio. Consequently, this criterion
“(PVI+PI)/ShI” seems inappropriate to select thakiest apartments. We have analysed the
correlation with a number of parameters with thip led “principal components analysis”. In
turn, we found that the correlation was more sigairit (r?=0.20) although it remained weak
with the envelope area “Bar” (see right hand-side of Figure 2). This suggésas although
not ideal, the envelope area is more relevantseegtion criterion than the ratio of the length
of floor and windows per unit of floor area.
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Figure 2: The variation of the measured air leakages at 4 Pa as a function of the sampling cifghe GA
P50-784 sampling criteria on the left panel andeitieelope area excluding floor on the right panel).

Comparison of the GA P50-784 sampling method agaihthe measurements

GA P50-784 method based on a sample of units has bempared to the results of the
measurements on all units. The left panel of Figdineresents a comparison between the
weighted average air permeability of the samplepairtments and the weighted average of all
the apartments for each building. For the buildimgh uniform individual measurements
lower than the limit value (B05*, B06, BO7, and BO&e results of the samples are very
close to those obtained with all the apartments.tfh@® other buildings, the difference is more
significant.

The right panel of Figure 3 presents the compargfdhe weighted average air permeability
of the samples of apartments (both the sample ofPG8-784 method, and the sample of all
the apartments) against the measurement of theewboilding. For both samples, the
weighted average air permeability of apartmen&wsys lower than the air permeability of
the whole building as it doesn’t account for thakiege in the common areas caused by the
lift shaft, the parking basement and other shafid bhatches. The greatest difference was
found in the case of buildings B08, B09 and B1(hwWiitt shaft and basement parking in the
common areas.



4Pa-surf (sampled apartments)

Q

IN
>

N
[N}

N
L

g
©
L

g
o
L

g
kS
,

I
N
L

[N

o
©

o
=)

o
~

o
N

0 - T T T T
0O 02 04 06 08 1 12 14 16 18 2 22 24

T T T

| | I

|| ®GAP50-784sample || — — — S

| | |

i Rt bl il Sl el Bl 2ot el
| | | | | | | —~
) %)
F— A —m— k- ———— bk ——— A= - — =+ — =
| | | | | a | g
i R e e B B E
| | | | ' eg10 ! | g
B Z ©
n | | . o | - 8
| | | Bo2e ',"804\ | | =
| | | | / | | | £
| | | | B0l | | | 3
- i . S =
| | (B ¢ B09 | | | g
1oy _,#BO6 | [ PR I o
| | | | | | | s
lo_a_ o y%Be7 | [ [ B <
+B08 o

Q4Pa-surf (all apartments)

24 T T T T T T T T
| | | 1/
22 1] x All apartments . -
+ GA P50-784 sample | | I
A e e i fl B to A -
| | | | | 1 |
18+ —+——1——+ A —|-—+——— === /K/ff\ffkf
| | | | | 7 | |
164 — 4+ — == — b — 4 — |- — -~~~ L - - —
| | | | | | | I
144 — 4 — b 4 BOp
| | | | [y | | |
. | | | | e | | |
12 | | | | _B04 ¥ +B02 | | |
1 I I I I I ad I I I
| | | % | >¥ BO1 | | |
| | | g | | | |
08 | | | /‘BUG | +B09 | | |
| | ¥ | | I |
0'6”7777\77{7777777777777777\77777
| 1/ BO7 | | | | |
0.4 A | #* BO8, | | | |
1 | | | | | | |
024 A~ -7 T
0 yau | | | | | | |
0O 02 04 06 08 1 12 14 16 18 2

Q4Pa-surf (whole building)

Figure 3: Comparison of the weighted average aimpability of the samples against the weighted ayeiof
all the apartments on the left panel, and agaiesthole building measurement on the right panel.

Analysis of the air leakage in the common areas

In order to evaluate the airtightness of the comm@as, we have realised a whole building
measurement with the Blower Door positioned on ¢h&rance door of the building. The

doors between the apartments and the common aexasall closed and airtight, except for

the building BO9 where the doors were very leakthatmoment of measurement (the results
of this building will be excluded from the analysis
The measured air flow rate accounts for all thé&dgas in the common areas. It may include
parasitical flow through leaks to adjacent aparti:i@i the common areas. The part of the
parasitical flow depends on the airtightness of wadls separating the apartments and the
common areas.
The left panel of the figure 4 presents for eaciiding a comparison between the measured
air leakage rate of the whole building (includirge tapartments and the common areas)
against the sum of the measured air leakage ratedch apartment and the measured air
leakage rate of the common areas.

4000

Q4Pa (m3/h)

5000 q

3000 -

2000 -+

1000 -

O Q4Pa_common areas
Oy Q4Pa_apartment

1000

@ Q4Pa_whole building

Q4Pa (m®h)

750 1

500 -

250 7

‘ O Leakage in common areas from outdoor

BO7 BO6 B08

BO4

B02

BO1

B10

BO7 ‘ B4 B06 ‘ BOL

Lift shaft Lift shaft + Gas

ducting

B08 ‘ B10

B02
Gas Lift shaft +
ducting | Basement parking

Figure 4: Comparison between the measured air ¢gakate of the whole building and the sum of thasneed
air leakage rate of the apartments and the commeas gleft panel). Air leakage in the common afeas the
outdoor (right panel).

Ideally if there were no leaks between the apartmmand the common areas, the air leakage
of the whole buildings should be equal to the suithe air leakage of the apartments and the



common areas. As we can see on the figure, itnaya lower than the sum of the apartments
and the common areas air leakages. This is dubetait flow through leaks between the
apartments and the common areas, which is accounted in the apartments and the
common areas measurements. Hence, the air leakalge whole building can be written as
in equation 1, where “03a common/apartiS the air flow through leaks between the aparttae
and the common areas. The air leakage in the coname@s can also be written as the sum of
two parts : the air flow from the apartments,pQ commonapar@nd the airflow from the outdoor
“Qapra_common/outdoor(€quation 2). From these two equations, we cécutate the air leakage in
the common areas from the outdoor whergrzQinole building “Q 4pa_aparts @Nd “Qupa_common area

are measured values.

Q4Pa_who|e building— Z;Q4Pa_apart"' Q4Pa_comm0n areas 2*Q4Pa_common/apart (1)
Q4Pa_c0mmon areT Q4Pa_common/apad' Q4Pa_c0mmon/outdoor (2)

The results of the calculation are given on thatrganel of figure 4. The amount of the air
leakage at 4 Pa through lift shaft or gas ductinthe common areas is about 508tmin the
case of lift shaft with basement parking, it becem®ore important (between 700 and 900
m>h). The air leakage in the common areas repree¥ts up to 67% of the air leakage of
the whole building.

CONCLUSION

A detailed campaign of air permeability measuremdrdas been carried out in ten multi-
family buildings in France. For each building, thie permeability of individual apartments
and the whole building have been measured. Thisesepts a total of 208 units on which
sampling method of the implementation guide GA PB@-has been evaluated. The results
show that the sampling method gives good resulig iarthe case of buildings with uniform
individual measurements. Moreover, the selectiaterion of the GA P50-784 sampling
method does not identify the apartments with gegatisk of leakage. The use of another
criterion based on the envelope area appears ratmeant. The results have shown that the
leakage in the common areas are significant andheae an important impact on the air
permeability of the whole building in the case ofremon areas with lift shaft and basement
parking. These leakages should be considered im#esurement method if it extrapolates
the individual measurements to the whole buildings.
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