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ABSTRACT

Large buildings can not always be tested as aesipgdssure zone. In Europe, different approaches baen
proposed concerning the choice of representatives pé the building (sampling method) and the caarle
check in situations, when several parts of thedig have to be tested separately. The prelimir@2zgch
standard TNI 73 0330 defines a sampling methodyels as subsequent treatment of results and congdia
check procedures for multifamily residential builgs. This contribution reports the results of al tiést of TNI

73 0330 method. The estimation of the whole buddig, value by means of this sampling method was found
questionable, namely due to the potential presefcenternal air leakage. Alternative method based o
measurements of building parts using so calleddymane technique was proposed. Inconsistency battiee
compliance check based on the whole building tesilts and the sampling method test results waifidel.
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INTRODUCTION

The airtightness measurements of large buildinge bacome complicated or even
impossible, since in some situations the wholedmg can not be measured as a single
pressure zone. The common reasons are well knowimited performance of the measuring
device fan, (ii) absence of the internal opening$uilding partitions making impossible to
connect all the parts of the building into one puge zone, (iii) impossibility to interconnect
all the building parts for organisation reasong.(access refusal). In such situations, different
parts of the building can be tested separatelyh eae as a single pressure zone. Then, the
whole building airtightness can be estimated basetthe results of these individual tests.

Until now, no generally approved rules have beemnidated concerning the choice of
representative parts of the building tested (samgplmethod), the estimation of the
airtightness of the building envelope and the caammgke check in situations, when several
parts of the building were tested separately. Deffié approaches were proposed e.g. in
Germany, France, Belgium and UK [1]. In the Czedptblic, the preliminary standard TNI
73 0330 [2] defines a sampling method, subsequealuation of results and compliance



check procedures for multifamily residential buiigs. The practical applicability of this
method was investigated by means of a trial testhgelected multifamily residential
building. The results are reported in this conthiiru

SAMPLING METHOD ACCORDING TO TNI 730330

TNI 73 0330 defines following three airtightnessasgrement procedures of low energy and
passive multifamily residential buildings for theurpose of compliance check with

airtightness requirements. However, the method ban used regardless the energy
performance of the building tested. All measuremesitould be performed using the fan
pressurization method according to [3], test metBody means of standard blower door
devices.

Procedure 1

If possible, the building is measured as a singksgure zone. If the resultingo value
complies with the limit value, the building is suyged to fulfil the requirements.

Procedure 2

If the whole building can not be measured as alsizgne, then the residential part is
measured separately. If the, value of the residential part complies with thaitivalue, the
building is supposed to fulfil the requirements.nift, the test can be repeated using an
appropriate method allowing exclusion of air exaf@between the tested residential part and
adjacent spaces through the leaks in the intearéitipns (internal air leakage).

Procedure 3

If even the residential part can not be measured siagle zone, than a relevant number of
residential part units (e.g. flats) has to be tesiparately. The building is supposed to fulfil
the requirements if: (i) theso value of each tested unit complies with the liwatue, or (ii)

the meamsom value of all tested units complies with the limétlue and simultaneously the
particularnsg values of a majority of tested units comply witie imit value (the internal air
volume of this “majority” has to be at least 2/3imtiernal air volume of all the tested units). If
the building does not fulfil the requirement, thests can be repeated using an appropriate
method allowing exclusion of internal air leakage.

The “meannsg , value of all tested units” is calculated as wesghéverage ofisp values of
particular tested units over their internal airurakes. Furthermore, TNI 73 0330 sets rules for
the choice of the “relevant number of residentiaktpunits” which have to be tested
separately. Priority is given to units facing exderThe units should be chosen so as all types
of building envelope elements (walls, ceilings,fsp@tc.) would be subject of the test.

TRIAL TEST OF THE SAMPLING METHOD
Building tested

A multifamily residential building built in 1978 vgaselected for the purpose of this work
(figure 1). The building has 6 floors. Thé& floor contains only garage, technical and storage



rooms. The B floor contains a boiler room. The residential paohtains 16 identical flats
located from the? to the %' floor.
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Figure 1.Measured building — frontal view and pddira residential floor

Method

The airtightness of the building was tested usiacheof the three measurement procedures
according to TNI 73 0330. In addition, the airtighss of one flat in the"Sfloor was tested
using the so called guard zone technique (GZT)M4jrder to limit the internal air leakage to
adjacent rooms. In order to create the guard presgane around the flat tested, entrance
doors of all the neighbouring flats were kept ogenng the test as well as all internal doors
in these flats. A second blower door fan was fifted the entrance door of the guard zone.
Its speed was automatically controlled in ordemi@intain zero pressure difference between
the tested flat and the guard zone. Only presdigizéest was performed using the GZT.

Based on the results, reliability of the estimatafrthe whole building airtightness from the
sampling method results and reliability of the cdiamre check procedure according to TNI
73 0330 was examined. The magnitude of the intdesdage was evaluated based on the
results of procedure and the results of the measmneusing the GZT. Finally, an alternative
method was proposed for estimation of the wholédng nso value from the air permeability
of segments of the building envelope measured nsef the GZT.

RESULTS
Overview
Measured part Test Internal  Depressurization t.  Prasurization test Average
of the building proce-  volume Vso. Nso. Vso+ Nso+ Vso./s Nso./+
dure V [m?] [m¥h] [h7] [m¥h] [h™] [m®h] [h7]
whole building 1 3909 3001 0.77 2828 0.72 2915 0.75
residential part 2 3492 2 953 0.85 2971 0.85 296 0.85
flat 2.1 3 189 573 3.03 777 4.12 675 3.57
flat 3.1 3 189 545 2.88 710 3.76 628 3.32
flat 3.3 3 189 317 1.68 369 1.95 343 1.82
flat 4.3 3 189 1068 5.65 1126 5.96 1097 5.81
flat 5.1 3 189 379 2.01 566 3.00 473 2.50
flat 5.2 3 189 660 3.50 849 4.49 754 3.99
flat 5.4 3 189 479 2.54 605 3.20 542 2.87
flat 5.1+GZT 189 271 1.44

Table 1. Overview of individual test results —fionv rate at 50 P&/, and air change rate at 50 kg



Procedure 3

In case of the building tested, the resulting megnp, value should be calculated as weighted
average of individuahsg values of at least the 5 flats selected accorttirtge rules of TNI 73
0330. Since finally 7 flats were tested, the meay, value can be calculated in different
manners from 5, 6 or o values of different flats. Thes, values of flats 2.1, 5.1, 5.2 and 5.4
should be always included in timgy m, calculation, since these flats have a higher ptapo

of envelope area facing to the external environm&he results are summarised in table 2
(based on TNI 73 0330, all these results are cbamt equivalent).

Calculation manner A B C D E F G
flat 2.1 3.6 3.6 3.6 3.6 3.6 3.6 3.6
flat 3.1 3.3 - - 3.3 3.3 - 3.3
measured flat 3.3 - 1.8 - 1.8 - 1.8 1.8
Nsoss [NY]  flat 4.3 - - 5.8 - 5.8 5.8 5.8
flat 5.1 25 25 25 25 25 25 25
flat 5.2 4.0 4.0 4.0 4.0 4.0 4.0 4.0
flat 5.4 2.9 2.9 2.9 2.9 2.9 2.9 2.9
calculated gy, [h7] 3.3 3.0 3.7 3.0 3.7 3.4 3.4

Table 2 Procedure 3 test results calculated irwifft manners from the particular test resultheffiats tested.

Measurement of a flat using the guard zone technic

The flat 5.1 (under the roof) was tested usingGE& with nso+ = 1.4 h' as the result. The air
permeability of the flat envelop®o s 1.ex+Was calculated dividing the measured air flow rate
at 50 Pa by the area of the surface of the flaelepe facing exterior. Since the air leakage
trough the internal partitions was supposed effetti eliminated thanks to the use of the
GZT, this value represents the air permeabilitpufding envelope around the flat 5.1.

COMMENTS, DISCUSSION
Procedure 1 - influence of the building shape andze

The procedure 1 test resutt,.» = 0,75 i, seems to be surprisingly good. However, the air
permeability of the building enveloggo.~ = 1,56 ni/(h.nt), is substantially higher than the
values usually achieved in case of single familydes equipped with a high performance air
barrier system and having a similar air change mgg@. Hence, the satisfactory result was
not achieved thanks to the quality of building dape but it is rather a consequence of a
favourable building shape and size (ratio of theedope surface and internal voludg'V).

Procedure 2

The air flow rates measured during the pressuaragst are higher than in case of the whole
building tests. It is probably consequence of asueament error (e.g. unfastened temporarily
sealing of the intentional openings in the buildamyelope).

Procedure 3 and measurement of the flat 5.1 usinp¢ GZT - internal air leakage

For each flat tested, theoretical, expeatggd. values were calculated from the measured air

permeability of the whole buildingso..- assuming that this value is constant over thedimgl
envelope and the internal partitions delimiting tlags are perfectly airtight. These expected



values were compared to the measured ones (figuteftz The difference between the
expected and measureg) values can be caused by either the internal alkalge or variations

of the air permeability over the building envelopmwever, the magnitude of the difference
points out a very significant internal air leakagbe difference between timgy values of flat

5.1 measured with and without the use of the GZiifioms the high significance of the
internal leakage (figure 2, right). The differeramtween the expected, value and the value
measured with the use of GZT can be a consequdredocal deterioration of the building
envelope air permeability (compared to its avetagel) or a consequence of a measurement
error.
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Figure 2 Magnitude of the internal air leakage tkefneasureds, values of flats tested and expected values
assuming no internal leakage. Right — flat 5.1 etgmins, value and values measured with and without the GZT

Procedure 3 and measurement using the GZT — estiman of the building nso value

Obviously, the meamsym value depends on the choice of the flats included the
assessment (table 2). Regardless the calculationnena the meannsg, values are
substantially higher than the whole buildimg value. The difference may be the consequence
of (i) the different shape of the building and dlétlifferent raticAg/V), (ii) internal air leakage
(which is the dominant factor — see above), (igyiation of the air permeability over the
building envelope. Hence, the procedure 3 testlttemghm, Can not represent a correct
estimate of the whole buildings, value. In case of the building tested, such a ki
estimation would lead to un error ranging from 30@#00% (depending on the manner of
Nso m Calculation).

Based on the assumption that the variation of aimgability over the building envelope is
negligible, an estimate of the whole building value (sopuiding can be calculated from the
air permeability of the flat 5.1, measured using 8T (s05.1,ex):

_ AE,buiIding

n 50,building V.

|]:]50,5.1,ext (1)

building

where Ag puiding @nd Vpuiding are the whole building envelope area and intenwlme
respectively. In the studied case, such estimatfdhe whole buildingiso+ value would lead
to an error of 39 %. Furthermore, the air leakdgeugh the slab on the ground could be
neglected in the studied case. Hence, in ordewoteectly estimate the whole building
value, only the area of surfaces facing the aiukhbe accounted intbg puidging Then, the
estimation error ofisp+ would be 24%.



CONCLUSIONS

Obviously, the TNI 73 0330 procedure 3 test re@uli ) can neither be directly compared to
the procedure 1 test result (whole buildimg), nor used as its estimate. More generally -
when using a sampling method in order to estinta@enthole building airtightness from test
results of its parts, the differences in the simd shape of the whole building and the parts
tested should be taken into account as well agenpally significant effect of the internal air
leakage. Alternatively to the procedure 3 of TNIGBBO0, the whole buildingse value can be
estimated more accurately from the air permealulitthe external surface of the envelope of
the separately tested building parts. Then, theofiseethods allowing exclusion of internal
air leakage is required (e.g. the guard zone teci@)i This study proves applicability of this
approach despite higher time and equipment regeinésn However, the accuracy of this
method seems to be limited and should be investilgatore deeply.

The meamsg 1, value depends on the choice of number of the imgjldarts tested separately

and their position inside the building. Therefoiteseems reasonable to introduce certain
tolerance when checking the compliancengf,, with the limit value. The same approach

would be followed when evaluating the results @f atternative method.

When several parts of the building are tested se¢glgraccording to the rules of TNI 73 0330
procedure 3, the majority of them has to complyhwite limitnsy value (valid for the whole
building), so as the building could be declaredulfil the airtightness requirement. Namely
in case of small flats tested and severe Imgtvalues, the fulfilment of this condition might
become difficult. Due to potentially significant jpact of internal air leakage, it would require
very airtight execution of the envelope of flatg;luding its internal surfaces.

Furthermore, in case of the same building the mhoee 1 test result can comply with the
limit value (e.g. due to the favourable shape pe)swhilst the procedure 3 test result may not
(e.g. due to internal air leakage). Such uncleaaason could lead to legal disputes.
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