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Protection against noise is one of the six essentials rexpeints of the European Union
directive. In buildings airborne sound insulation is usedéfine the acoustic quality of walls
between rooms. However the evaluation of sound insulatiatex/ is sometimes difficult or
even ambiguous, both in field and laboratory measuremensgite of the fact that there are
some unified measurement procedures specified in the ISOtdA8asds. There are prob-
lems with the reproducibility and repeatability of the me@snent results. Some difficulties
may be caused by non-diffuse acoustic fields, non uniforrarteration time or errors of the
reverberation time measurements. Some minor problemssar@ased by flanking transmis-
sion and the S/N ratio. The paper includes an analysis ofaparcertainties of the above
mentioned measurement components and their influence arothkined uncertainty in 1/3
octave frequency bands and the sound reduction index deeimaccording to ISO 140-3,
using the uncertainty propagation law. All of the analysid &alculations performed in the
paper concern the conjugated reverberation rooms and megasut set-up located in AGH-
UST Department of Mechanics and Vibroacoustics in Krakow.
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1. Introduction

Protection against noise is one of the six essential repeings that are listed in the
EU directives. In buildings the airborne acoustic insalafis used for assessment of the
acoustic quality of walls between rooms. However the evedoaf acoustic insulation
happens to be difficult, even sometimes ambiguous, not enthe field conditions,
but also in the lab, in spite of the fact that there are unifiethsaurement procedures
specified in the ISO 140 and ISO 717 standards. Whereas inglldectinditions some
problems might be encountered with fulfilling all the stamti@quirements, particularly
in assessment of flanking transmission, there should beclomoblems, or to a very
limited extent, in the laboratory conditions. Still it istrem. There are problems mainly
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with reproducibility of the results, what can be confirmedeby. the inter-laboratory
study results described in papers [1, 2]. The problems vagraducibility are even
encountered for different studies of the same laboratong drigins might lie in the
inhomogeneities of the acoustic field in the measuring (s@and receiving) rooms,
space variation of the reverberation time in the receivom, and additionally errors
of the reverberation time measurements, particularly eltdw frequency band [1].
Further factors are the flanking transmission and acouatikdround, in particular for
high values of the acoustic insulation power. A separatblpro is the method of sample
fixing in the measurement window. A proper sample sealindiquaarly when its edges
are not very smooth (as it is for the glass window panes), neagunbersome, and its
effect on the measurement result quite considerable. Isttlttes of acoustic insulation
power carried out in the Dept. of Mechanics and Vibroacaoassti the AGH-UST [5] it
has been shown that the measurement err@t gfrelated to improper sample sealing
may be as high as 3—4 dB, and in individual frequency bandgeabd&Hz it may even
reach more than 10 dB. However an experienced measureraemttn relatively easy
notice such an irregularity in the insulating power curvieefiefore in the uncertainty
analysis such a case has been excluded, and much weakenveaisibeen accepted as
actually possible.

In the present work partial uncertainty analysis has begatedeout for all the above
mentioned factors and their influence has been evaluatedeocombined uncertainty
in 1/3 octave bands and th®, index, using the uncertainty propagation law. Some
of the partial uncertainties belong to the type B unceri@twhile remaining ones
belong to type A. All of the analysis and calculations concéire acoustic insulating
power measurement set-up in the complex of reverberatmmsdocated in AGH-UST
Department of Mechanics and Vibroacoustics in Krakéw.

2. Measuring conditions

The studies of acoustic insulating power are carried olténcbmplex of reverber-
ation rooms located in AGH-UST in Krakdw, which is approxieig compatible with
the requirements imposed on such laboratories in the ISG&A8s of standards. The
deviations mainly concern the reverberation time valueh@ reception chamber and
also an atypical size of the measurement wind290( x 1000 mm), located between
two conjugated reverberation rooms, with working volumas180 nt each. More de-
tailed description of the laboratory can be found in the p&ple

Various samples are studied in the laboratory — they mastiyde integrated win-
dow panels, elements of the roadside noise barriers (abgoob transparent) and the
elements of sound-proof casings. With such a sample vdhetg is actually no univer-
sal way for fixing (sealing) the samples in the measurementlovi. Special require-
ments imposed on the case of glass panel fixing cannot beldiegplied for barriers
absorbing sound from the incident side. In practice everyidras installed automati-
cally, but it is sealed accordingly to each individual casarfually). Such an approach,
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exhibiting usually best performance, may be the source wieslmcal “leaks”, mani-
fested by a decrease of the insulating power in the 1 to 2.5datzl. Example of such
a plot of acoustic insulation as a function of frequency faygerly and poorly sealed
sample has been shown in Fig. 1.

Sound insulation diagrams of well (Rypy)) and weak (Ryzu)) sealed sample, dB.
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Fig. 1. Plots of acoustic insulating power in 1/3 octave lsaamt theR,, sound reduction index, measured
with properly and weakly sealed sample.

Measurements of acoustic pressure are performed simalialyein the emission
and reception room, while the reverberation time is meakught after completing
the measurement session. All the measurements are pedanmé3 octave frequency
bands in the frequency range from 50 Hz to 5 kHz, in 12 meagyodrints.

Sound insulationR of the sample is determined according to the formula:

S
R=1L,g —vaR—f—lOlogZ, (D)

whereL, s is the average sound pressure level in the diffuse sounddfetfie source
room, L, r is the average sound pressure level in the diffuse field aftbeiving room,

S is the area of the test samplé,is the absorption area of the receiving room, in this
work determined from the reverberation time T30.

Typical plots of averaged acoustic pressure levels in thecgoand receiving rooms
(with the respective standard deviations) and the acobatikground in the receiving
room have been shown in Fig. 2, while the reverberation ti@@values for the receiv-
ing room, also with their standard deviations, have beewsho Fig. 3.

As can be seen from the above figures, both the acoustic pedssels plots as well
as the reverberation time plots are characterized by grsjateads in the low frequency
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Fig. 2. Averaged levels of acoustic pressure in the sourdeereption room and background noise in the
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reception room.

fHz T32,av std.dev
50 511 0.46
63 4.16 0.98
80 5.06 0.64
100 4.81 0.70
125 3.80 0.30
160 3.16 0.33
200 2.47 0.16
250 225 0.16
315 2.20 0.16
400 1.96 0.14
500 1.86 0.09
630 1.68 0.10
800 1.62 0.07
1000 1.56 0.04
1250 1.55 0.04
1600 1.47 0.06
2000 1.38 0.03
2500 1.32 0.05
3150 1.22 0.04
4000 1.15 0.03
5000 1.04 0.03
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Average results of reverberation time (T30) measurements.
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Fig. 3. Averaged values of reverberation time T30 in thep&oa room together with the standard devia-

range, therefore in that area the greatest contributiotisetoneasurement uncertainty

should be expected.

tions.
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3. Analysis of measurement uncertainty

If the measured or predicted noise level depends on many vajwes then the final
result is a function of many arguments [13]:

Lowt = f(Xint + Xin2 + .. + Xinm) (2)
everyone of which carries some standard uncertdifty;,;). Combined standard un-

certainty U,r,), under assumption that the individual arguments in forn{djaare
independent, can be calculated using the formula (3):

m 2
Uc(Lout) = Z <a§({nl> uQ(Xini)- (3)

i=1

The uncertainty provided together with the measuremenitrissa multiplicity of the
combined standard uncertainty and is usually called amdgt uncertainty.

Formulas (1) and (3) have been used for analysis of semgitfithe combined
uncertainty with respect to its individual components. Plagtial uncertainties of the
measurements of acoustic pressure levels and reverbetiaties belong to the type A
standard uncertainties, while all the other ones belongedytpe B (see the respective
A and B sublabels in Table 1).

In evaluation of the type B uncertainty for each variable plossible variability
range during the measurement duration has been assumbddalitionala priori as-
sumption of homogenous distributions of the respectivéabdes. In such a case the
standard uncertainty is given dg2+/3 of the respective variability range (spread).
A similar rule can be accepted when taking the acoustic backgl into account, how-
ever in the example presented above (see Fig. 2) the disteoroethe background is
higher than 30 dB in each frequency band, what in consequedcees the uncertainty
to values below 0.01 dB level. Therefore in the uncertaintydet for the example from
Fig. 2 the respective contributions have been neglectedxamplary uncertainty bud-
get listing has been shown in Table 1. In column 8 of Table 1tti&l (combined)
uncertainty UC has been given, without taking the flankingnsitransmission into ac-
count, while in column 10 the total uncertainty UCf has be®emwith such flanking
“leaks” taken into account. As can be seen in the presentachjgle the effect of such
a leak on the total uncertainty of thg,, index is rather moderate (0.09 dB), with the
index uncertainty value of 0.46 dB, however in some casehdateen mentioned in
the Introduction) it can even reach a value of several dB.

The effect that is not shown in Table 1 is the additional utaety resulting from
fitting of the actual insulation index R curve to the normadizurve (acc. to PN EN ISO
717-1). This uncertainty was equal to 0.29 dB, and its effecthe total uncertainty of
the R,, index was about 0.06 dB.
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Table 1. Exemplary listing of the budget of partial uncertaintiesidg evaluation of acoustic insulating
power in 1/3 octave bands and relative sound reduction ifitlein laboratory conditions.

Gathered examples of evaluated values of standard uncertainty components in case of sound
reduction index measurements in laboratory, dB
f, Hz UAL1 UAL2 UART UBcal UBMS UBS uc uBf UCf
1 2 3 4 5 6 7 8 9 10
50 3.0 3.9 0.46 0.2 0.2 0.05 5.00 0 5.00
63 3.2 3.1 0.98 0.2 0.2 0.05 4.61 0 4.61
80 1.5 2.0 0.64 0.2 0.2 0.05 2.61 0 2.61
100 1.1 3.4 0.70 0.2 0.2 0.05 3.69 0 3.69
125 1.2 1.5 0.30 0.2 0.2 0.05 1.95 0 1.95
160 1.2 2.3 0.33 0.2 0.2 0.05 2.59 0 2.59
200 1.0 0.8 0.16 0.2 0.2 0.05 1.33 0 1.33
250 0.9 0.8 0.16 0.2 0.2 0.05 1.22 0 1.22
315 0.6 0.5 0.16 0.2 0.2 0.05 0.88 0 0.88
400 0.8 0.6 0.14 0.2 0.2 0.05 1.06 0 1.06
500 0.5 0.3 0.09 0.2 0.2 0.05 0.68 0 0.68
630 0.5 0.2 0.10 0.2 0.2 0.05 0.63 0.5 0.81
800 0.6 0.3 0.07 0.2 0.2 0.05 0.69 0.5 0.85
1000 0.6 0.4 0.04 0.2 0.2 0.05 0.76 0.7 1.03
1250 0.4 0.5 0.04 0.2 0.2 0.05 0.69 1 1.21
1600 0.3 0.4 0.06 0.2 0.2 0.05 0.57 1.2 1.33
2000 0.5 0.5 0.03 0.2 0.2 0.05 0.77 1.5 1.69
2500 0.5 0.6 0.05 0.2 0.2 0.05 0.86 1.2 1.48
3150 0.5 0.6 0.04 0.2 0.2 0.05 0.77 0.7 1.04
4000 0.6 0.9 0.03 0.2 0.2 0.05 1.15 0.5 1.26
5000 0.6 0.8 0.03 0.2 0.2 0.05 1.04 0 1.04
RW 0.70 0.86 0.15 0.20 0.20 0.05 1.15 0.46 1.24
Average 1.00 1.20 0.24 0.20 0.20 0.05 1.60 0.38 1.65
UAL1, UAL2 - standard uncertainty of sound level measurement in source and receiver room respectively.
UART - standard uncertainty of reverberation time (RT30) measurement in receiver room
UBcal - standard uncertainty of calibration of the measurement system
UBMS - standard uncertainty of the measurement system
UBS - standard uncertainty of the surface of the sample
UBf - standard uncertainty of flanking sound
UC - combine standard uncertainty
UCT - combine standard uncertainty with flanking uncertainty ( Ubf)
RW - weighted sound reduction index

4. Conclusions

The completed uncertainty analysis for laboratory measare of acoustic insulat-
ing power of barriers has shown that the greatest effectefirihl value comes from the
inhomogeneity of acoustic fields, both in the source (0.7 @) reception (0.86 dB)
rooms and from the quality of sample sealing in the measunemi@dow (0.46 dB).

The total measurement uncertainty of the sound reductiexiR,, for the case dis-
cussed above is equal to 1.15 dB, and with taking into accpossible sound leak the
respective uncertainty increases to 1.24 dB. As expecedtasurement uncertainty
considerably increases in the low frequency range, whatdsmsequence the source of
uncertainty increase for the,, (C, C'tr) indices if the frequency band is extended down
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to the frequency of 50 Hz (usually thR,, index is determined in the 100-3150 Hz
range). The respective uncertaintiesitf(C, Ctr) determination in the 50-3150 Hz
frequency band are given as: homogeneity of acoustic fielddB-in the source room,
1.2 dB in the reception room, what gives the total unceryaintl.6 dB. The uncertainty
related to the sample sealing is slightly reduced to 0.38 dB.
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