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The international standard 1ISO 140-5 for the mesment of the sound insulation of build-
ing facades will soon be replaced by the new staht®0O 16283-3. This revision includes
the procedures for measurements at low frequenices to 50 Hz. The uncertainty of fa-
cade sound insulation, in particular at low frequies, was evaluated by a Round Robin
Test, conducted in a full-scale experimental bagdat ITC-CNR. Each of the 10 teams in-
volved in the RRT replicated the tests 5 times,adotal of 50 measurements. The different
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measurement positions inside the receiving roomcanepared. In particular, all the teams
involved in the RRT assessed corner and center gpasitions; their energy average values
according to ISO 16283-1 are considered and tlaiveluncertainty in terms of repeatabil-
ity andin situ reproducibility standard deviations are compareth\the ones measured and
calculated following ISO 140-5.

1. Introduction

In recent years the attention to the measuremerteilow frequency range has considerably in-
creased. The future standard 1ISO 16283-3 (ISO/®&3-3 [1]), that will supersede ISO 140-5
[2], includes the procedures for measurementsvatiequency down to 50 Hz. The so-called low-
frequency procedure shall be used for the 50 Hzi63and 80 Hz one-third octave bands in the
receiving room when its volume is smaller than 25 Sound pressure level measurements are tak-
en close to the corners of the room to identifydbmer with the highest level in each band. T#is i
carried out in the receiving room with the soundrse in operation to determine the corner sound
pressure level, and with the element or global $pedker method when the loudspeaker is
switched off to determine the background noise llelre this paper a comparison between the
standard procedure and the low-frequency procedasemade on the same facade sound insulation
measurement, where the receiving room volume is4thus the comparison could be made.

In this study was analyzed the uncertainty of tlemsurement method of fagade sound insulation
for field measurements, with the global loudspeakethod, in terms of repeatability amdsitu
reproducibility standard deviations, by applying statistical procedures prescribed for this kihd o
cooperative tests in ISO 5725 standards [3].

The measurements on which this study is based wareed out on the same building, on the
same building’s facade, so the airborne and strediorne sound fields involved remain constant.
Therefore, the variability in results and the stdduncertainty are related only to the measurement
method itself.

2. Round Robhin Test

The best way to study the repeatability and repeimlity of building acoustics field measure-
ments [4,5] is to carry out a Round Robin Test (RRvhich consists of independent measurements
executed several times by different operators.

Ten teams, coordinated by ITC-CNR - Constructionhi®logies Institute of the Italian Nation-
al Research Council - were involved in this RRIcheaf them operating with its own equipment.

The building under test is an existing experimebtalding located at ITC-CNR headquarters,
made of prefabricated concrete panels. The builéleghent tested was a prefabricated concrete
facade with a PVC frame with double glazing 4/12ihdow. The facade is situated at the first
floor. The receiving room is a rectangular roors;\vblume is 41 rhand the facade surface is 8,7

m-.

3. One-third-octave band analysis

For each quantity under test and for each teang\&ls were considered, corresponding to one-
third-octave band from 50 to 5000 Hz.

Each team operated under repeatability @mnditu standard deviation conditions; where the
situ standard deviation is a reproducibility standaediadtion of the same object in the same loca-
tion [6,7]. Each team followed the provisions of0I9.40-5 [2] and ISO/DIS 16283-3 [1] (low-
frequency procedure), to decide the position ofrapbones in the receiving room and the outside
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loudspeaker position. In particular, the positiofshe set of microphones over which averaging is
carried out in one measurement were selected am®ne or less randomly, for each repeated

measurement. As the receiving room volume is lafigen 25 i, it was possible to apply both the
low frequencies measurements procedure describi&0r6283-1 [8] and the standard procedure,

for a comparison of the results.

As stated in the introduction, all teams performeshsurements following the global loudspeak-
er method, which yields the level difference ofedde in a given place relative to a position 2im i
front of the fagade. All teams positioned the algsinicrophone 2 m in front of the fagade, and the
loudspeaker on the ground, with the angle of sanaidence equal to (45+5)°; some of them posi-
tioned the loudspeaker directly in front of theade while some others in a lateral position (sge Fi

1).

Figure 1. Different loudspeaker positions: on left side iorfr of the fagade, on right side in a lateral posi-
tion. In red the measured facade.
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Figure 2. Standardized level difference of the facadg 4y of the 10 teams (5 repetitions for each of the
10 teams) on the left side, average (black) ouitiam No 5 (blue) outlier team No 6 (red); 43 ,rof the 8
teams (5 repetitions for each of the 8 teams) enitht side, average (black).

In the graphs of Fig. 2 are plotted the one-thicthwee curves, obtained following the standard
measurement procedure, of the standardized leffetetice of facade Dom s Which is the level

3
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difference in decibels, corresponding to a refeeevadue of the reverberation time in the receiving
room. On the left side of the graphs of Fig. 2 @m#ted the [ o, nrOf the 10 teams participating at
the RRT; on the right side of Fig. 2 are plotted Dy > ntOf the 8 teams, once the outliers teams
No 5 and No 6 were excluded. The statistical amalgsthe data provides a tree step procedure
[3,4] for the identification of stragglers and oeits. Following this procedure, laboratories No 5
and No 6 were identified as outliers laboratoried axcluded because they showed a significant
presence of stragglers and outliers starting fr@®® Bz to 3150 Hz. Even if it turned out that there
was nothing wrong with the microphones and the mremsent instrumentation, it was found that
the differences between including and excludingéhaboratories were remarkable. As the method
was correctly followed, the presence of straggherd outliers, without any other physical explana-
tion, can only be attributed to an external event.

3.2 Repeatability and in situ standard deviation results

3.2.1 Standard measurement procedure
The repeatability (¢ andin situ standard deviation g) obtained for the standard measurement
procedure for the 8 laboratory are plotted in Big.
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Figure 3. sy and s of D om nrfor the 8 teams.

Regarding the low frequency range (from 50 to 8Q the high values of,sand g, can be
sought in the presence of the normal modes of tidirain fact at the first three 1/3 octave bands
(50, 63 and 80 Hz), the measured levels can begirinfluenced by the measurement position.

In a previous RRT on fagade sound insulation [Was found that an important contribution to
the overall uncertainty, is the uncertainty in tegerberation time measurements at low frequen-
cies. In that case the uncertainties igRtwere heavily contaminated by the inappropriateiéss
the reverberation time correction at low-freques@ed a comparison between the uncertainties of
the standardized level differences B}, nrand the level difference {3m showed the magnitude of
the reverberation time at low frequencies. In tresent study no differences were found in the un-
certainties behavior including or not the reverberatime correction (i.e. no differences between
the Dsomnrand the I .m uncertainties behavior; see Fig. 4). Theg, and $ behavior of both
Dis2mnrand Ds 2m IS Not similar to the behavior of the uncertaisteg ISO 12999-1 [6], in terms of
reproducibility & andin situ standard deviation, which increase steadily apdihabelow 100 Hz,

ICSV22, Florence, ltaly, 12-16 July 2015 4



The 229 International Congress on Sound and Vibration

as it can be seen in graphs of Fig. 4. This diffeeeis not attributable to the reverberation time
measurements as in the previous RRT [7].

St. Dev. comparison

===sr_8_Dls,2m,nT
7 =ssitu_8_Dls,2m,nT | —

sr_8 Dls,2m
= ssitu_8_DlIs,2m —
=sR 12999-1

5 \} ssitu 12999-1

frequency [Hz]

Figure4. Comparison of standard deviation values from RRalc(dated for both P,y nrand Ly o) and
from 1SO 12999-1.

Respect to the high frequency range, in partical@000 and 5000 Hz, the RRT and ISO 12999-
1 [6] standard deviations values show the samevi@ha.e. an increase with frequency, but the
RRT sy values are higher than the ISO 12999-1 valueseMar the RRT g, values are higher
than the low frequency;g values of both RRT and ISO 12999-1. This is prbpdbe to the differ-
ent positions of the loudspeaker respect to thadag¢see Fig. 1) and it is still under investigatio
Some studies [9,10] considered the position otdhdspeaker as a variable, but its influence on the
high frequencies was not evaluated comprehensively.

3.2.2 Low-frequency procedure

The low-frequency procedure was first studied arappsed by Hopkins and Turner [11] in a
work about the airborne sound insulation betweem For each of the 50, 63 and 80 Hz bands
they proposed that the average low frequency spuessure level in the room,d. is calculated
from Liso140-4 (the average sound pressure level in a room measaccording to the normative
guidance in ISO 140-4) anddxer (the corner sound pressure level) according to:

2(100-1LI80140—4 )+ 100-1Lcorner
3

Referring to Hopkins and Turner [11], the weighthiagtor for Lsoi40-4iS empirical and has not
been determined from theoretical models and anydutvork could look at this aspect in more de-
tail; however this equation was adopted by ISO B62g8] and will be adopted by ISO/DIS
16283-3 [1].

In their work Hopkins and Turner evaluated alsorthesrberation time measurements in narrow
rooms (for rooms with volumes < 50%mand suggested this criterion: the product of fiier
bandwidth, B, and the reverberation time, T, shdagddyreater than eight (BT > 8). For the low fre-
guency 50, 63 and 80 Hz if this criterion is s&isf the reverberation time measured could be used
for the calculation of R’ or P(or, in the case of this paper, for the calculaid Ds om ny); other-
wise the 63 Hz octave band reverberation time s$laliheasured and this single value used to rep-

1) L. =10Ig dB
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resent the 50, 63 and 80 Hz bands. The measuraehtre 63Hz octave reverberation time became
a part of ISO 16283-1 [8] (and will be part of IBI% 16283-3[1]), in the low-frequency procedure
in case of room volumes < 25°m

To investigate the uncertainty in the low frequerayge (50, 63 and 80 Hz), the values and the
relative repeatability anoh situ standard deviation of Dmntwere calculated following three dif-
ferent measurement procedure: the first followihg standard measurement method, the second
following the low-frequency procedure considerimg treverberation time measured in one-third
octave band (named LF) and the third following line-frequency procedure considering the re-
verberation time measured in octave band at 63Bméa LF_oct).

As illustrated in Section 3.1, the outliers laboras could be included in the evaluation of the
low frequencies uncertainties as the stragglesoaticers are from 500 Hz, thus Table 1 shows the
standard deviations values for the case of botant8 teams.

Table 1. Low frequencys and sy, values for the three measurement method (standardnd
LF_oct) for both 8 and 10 teams.

Standard 50 Hz 63 Hz 80 Hz
deviations| standard LF LF oct standard LF LF_gct standard LF F_dct
s 10 27dB | 25dB 2.3dH 3.1dB 45dB 45dB B4d2.3dB| 2.3dB
Ssi_10 3.1dB| 3.1dB 3.3dH 48dB 55dB 55dB 8B0d4.1dB| 4.1dB
s 8 23dB | 2.3dB 2.3dB 3.3dB 5.0dB 5.0dB 1.4dR.5dB| 2.6dB
Ssite. 8 29dB | 3.2dB| 3.5dB 43dB 52dB 52dB 4.1dBl.2dB| 4.2dB

With the low-frequency procedure there is an inseeaf the uncertainty, particularly noticeable
at 63 Hz: the repeatability increases by aboutdB5vhile thein situ standard deviation increases
by about 1 dB. Respect to reverberation time, aar8 80 Hz there are no differences considering
the measurement of the 63Hz octave reverberatoa ¢rr the 1/3 octave reverberation time; while
some little differences are noticeable at 50 Hz.

4. Single number quantities

Two different procedures have been consideredderao determine the single number quanti-
ties (SNQs) of each team for this study. The forpreccedure consists in determining the SNQs
according to 1SO 717-1 [12] shifting the refererceve both in steps of 1 dB and 0,1 dB, toward
the measured curve, until the mean unfavorableatiewi is as large as possible but not more than
32 dB. The obtained SNQs are respectivalyyBnrwand Ds omntwo1

The latter procedure consists in determining th€SMNlus spectrum adaptation terms C apd C
according to ISO 717-1 [12] in the ranges provibdgdhe standard (from 50 to 5000 Hz; from 50 to
3150 Hz; from 100 to 3150 Hz and from 100 to 50, kvith one decimal place using the follow-
ing equation:

2) X =—10lg Zlo(Lij ) =Xy +C;

where:j is the index of spectrum No.1 to calculate C ot2Nw calculate ¢ according to 1ISO
717-1;i is the index of frequenciek; are the levels indicated in ISO 717-1 at frequearfoy spec-
trum j; X is the standardized level difference I3t at frequency for the spectrunp; Xy, is the
SNQ; G is the spectrum adaptation term C grifCcalculated with spectrum No.1 or No.2, respec-
tively. The results of SNQs calculations, for thee8ms, are shown in Fig. 5; the relativarsd sy,
are shown in Table 2 and Table 3.

Analyzing the results of Fig. 5, it can be seert tha differences between including and exclud-
ing low frequencies are very high. This is in castrwith the results of the previous RRT on facade

X; )/10
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sound insulation [7], that showed that the diffeenbetween including or not the low frequencies

were practically negligible.
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Figure 5. SNQs distribution: grey symbols are the value$hefSNQs, the red crosses are the RRT mean

values. Left side: standard method SNQs; centeiSNBSs; right side: LF_oct SNQs.

Table 2. Standard uncertainties of SNQs without low freqieséor the 8 teams.

Descriptor (SNQSs) $dB] | Ssiw [dB]
DIs,2m,nT,v 04 0.7
Dis 2m,nt v+ Craocaiso 0.6 0.8
Dis 2m,ntv*Curr0c:3150 0.8 1.0
DIs,Zm,nT,wO. 03 07
Dis 2m,ntwo+Caocaiso 0.5 0.8
Dis 2m,ntwo+ Cur1oc-3150 0.7 1.0
Dis 2m,ntwo+Caocs000 0.6 1.2
Dis 2m,ntwotCuroc-s000 0.7 1.0

Table 3. Standard uncertainties of SNQs with low frequenfileshe 8 teams.

5 [dB] SCE

Descriptor (SNQs) standard LF LF_oct| standard LF LF_oct
Dis 2m.ntwo1tCese-s000 0.6 0.6 0.6 1.2 1.3 1,2
DIS,Zm,nT,v01+Qr(50-5000' 0.8 1.9 1. 8 1 .O 2 . 1 2,0
Dis 2m,ntv01tCse-3150 0.5 0.6 0.6 0.8 1.0 1,0
Dis.2m.nTvo1+Cir(sc-3150 0.8 1.9 1.8 1.0 2.1 2,0

From the experience derived from many measurenwni@scade sound insulation [13,14], the
lower the insulation of a window, the lower the cpem adaptation termyCOn the other hand, the
higher the window insulation, the highe§.&or this reason, in the case of the previous RR1he
difference between Dom nrwand Ds omnt rafic (SNQS proposed by Sholl et al. [15] that correspbon
to Dis2mntwt Grs0-5000 averages, was not high, only 1.5 dB, while ind¢hse of the present study,
the difference between the average values 9§Dt wand of O omntw+ Grso-5000iS 5.3 dB for
standard measurements and 6.8 dB for low-frequenethod; and the difference between the
Dis2mntwand of xomntw + G 100-5000 averages is 4.5 dB for both standard and low-&aqu
method. It is interesting to note that the avenaaaes did not change significantly whether includ-
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ing or not the high frequencies. The uncertaintycase of low-frequency method increases very
much (twice for LF_oct and more than double for .L&xhough at 4000 and 5000 Hz the uncer-
tainty is very high, this does not influence theemainty of the SNQs (see the comparison between
SNQs with spectrum adaptation term from 100 to 3 from 100 to 5000, in Table 2).

5. Conclusions

In this paper a comparison between the standakgure and the low-frequency procedure was
made on the same facade sound insulation measureitneras found that the low-frequency pro-
cedure yields to lower SNQs values, when the lequdencies are included. Moreover the uncer-
tainty of SNQs measured with low-frequency methedhagher than the ones measured with stand-
ard method. With the low-frequency procedure themn increase of the uncertainty, which is par-
ticularly noticeable at 63 Hz. Respect to revertienaime, at 63 and 80 Hz there are no differences
considering the measurement of the 63Hz octavelvera&ion time and using this single value to
represent the 50, 63 and 80 Hz bands or the 1&®ckverberation time; while some little differ-
ences are noticeable at 50 Hz. At 4000 and 50004+ high uncertainties, that not influence the
SNQs and that need a deeper investigation, werelfou
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