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Abstract

This paper presents the results of an interlabpratomparison test concerning the impact
sound insulation for a concrete slab floor to datae the reproducibility for the weighted
normalized impact sound pressure leik&l,w and for all the involved main parameters
(reverberation time and impact normalized soundgsure level, at the receiving room and
for each 100 to 3150 Hz frequency band). The ymibility of the parametel’n,w was
calculated to be 2.3 dB with the individual laboras performance z-scores varying up to
1.8. The laboratories z-scores for the reverbmmaime values were up to 2.4 (with a range
of values of 4 s for thRT results at the frequency bands of 100 and 125 HihgRT values
reproducibility was calculated to be from 0.1 dhie higher frequency bands to about 3 s in
the very low frequency bands. The laboratoriestares for the normalized sound pressure
level L'n) were up to 2.6 (with a range of values of 8 talB2in the frequency bands of 100
to 160 Hz). The reproducibility for these valuessvealculated to be from 1.8 to 6.3 dB. The
measurement process is analyzed and the main storcduare commented.

INTRODUCTION

To evaluate the confidence in the results of adoustasurements is necessary to
have the knowledge of the measurement uncertain#fes experimental method to
estimate these uncertainties is based on intedatmyrcomparisons. This consists in
reproducing the measurements in similar conditiand then analysing the results
using simple statistical tools to estimate the @lispn of results. The dispersion of
the results among laboratories will provide a globacertainty in conditions of
reproducibility. Reproducibility is the closenes$ agreement among repeated
measurements under the same operating conditi@rgtiowe or, in basic terms, is the
variability introduced into the measurement systbyn the bias differences of
different operators and their own methods.

Eds.: J. Eberhardsteiner, H.A. Mang, H. Waubke
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METHOD

The interlaboratory comparisons reported in thiggpaoncern the measurements of
theL'n,w (weighted normalized impact sound pressure Idigt] measurements), of
a concrete slab between two empty laboratory roamikin the Faculty of
Engineering of the University of Porto. The 218 meceiving room was adapted by
including some sound absorptive materials and ti@ogs of furniture.

The goal was to analyse the variability of theuhlssdetermined during the
entire process of measurement of thew. The analyses were done according to the
EN ISO 140-7:1998 and EN ISO 717-2:1996 and pawtigntion also to the EN
20140-2:19931] and I1SO 5725-2:19942].

The interlaboratory comparative testing was dogesimgle- or two-person
measurement teams from fourteen Portuguese oRiaialtified laboratories. The
requirement of a minimum of eight teams statechenEN 20140-21] was fulfilled.
Each measurement team used their equipment anduthel measuring procedure.
No additional technical rules or suggestions wereerg by the host to the
measurement teams other than the value of thevieggbom's volume.

An alphanumeric code (1 to 14) was given to eabbratory for confidentiality
purposes.

For each parameter to be analysed by statistcds$ & "reference value” (or
"conventional true value") was determined to bedusethe comparison to each
measured value. For this purpose the "mean" wasethin all parameters except for
the L'n,w where the "median" was used because it is noffeoted by statistically
suspect values (or outlierf3] and because the values for this index cannot prese
decimals in accordance with the standard (cha@ersand 4.3.1 of EN ISO 717-
2:1996).

Each set of values for each parameter to be athlgy statistical toojJswas
previously checked for deviant values (technicalyalid values orby the Grubbs'
test for outliers - assumption: normality). Nowalwas found to be suited to be taken
out.

The distribution of the results was considereddnordance with thestudent
distribution assuming for all parameters that tbeditions for normality apply with
degrees of freedom less than 30.

In this case the expanded uncertainty is basedhén standard deviation
multiplied by a coverage factde For a t-distribution with 13 degrees of freedom
with a confidence level of 95% will be 2.16 (or 2.20 folRT due to a slightly
smaller number of dat§].

The variables chosen for statistical analyses Wer@3 stated below:

RT - reverberation time at the receiving room (one é&ach 1/3 octave
frequency band from 100 Hz to 3150 Hz);

L'n - normalized impact sound pressure level at tloeiveng room (average
sound pressure level in the receiving robimncreased by 10*Ig(A/10) a correction
term related to a normalized equivalent sound ahisor area of 10 m(one for each
1/3 octave frequency band from 100 Hz to 3150 Hz);

L'n,w - weighted normalized impact sound pressure 1@&€) 717-2).
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STATISTICAL ANALYSIS

The results given by each laboratory were procelgesdatistical analyses. The basis
for the evaluation was a standardized performanseore calculated for each
parameter and laboratory and defined as followgh@n z values indicate larger
distance from the reference value):

|measuredralue— reference/alué| 1 . :
zZ= — mean(or medianfor theL'n,w)
| standardleviation |

The interpretation of the z-scores is as follows:
z< 0.5 excellentapproximation to the reference value;
0.5<z< 1.0 goodapproximation to the reference value;
1.0<z< 2.0 fair approximation to the reference value;
2.0<z< 3.0 uncertain(means that the measurements may be questionethand
laboratory must take measures to improve the quatiits work);
2z 3.0 non-satisfactorymeans that the measurement results are unrégliable

RESULTS

The following tables and figures show the results they were given by the
laboratories, grouped by the three main intervepaigmetersRT, L'n andL'n,w).

The figures 1 and 2 show tHeT and L'n mean values measured by each
laboratory. Very small variability is admissiblenang the RT results in each
frequency band due to variability in the sound abon in the receiving room
introduced by the measuring team during measurem@ot instance, one or two-
persons team).
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Figure 1 - RT values measured by each laboratod/faequency band
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Figure 2 - L'n values measured by each laboratorgt ilequency band

Table 1 presents the'n,w values calculated by each laboratory. Table 2
displays the basic statistical measures founddoh@arameteiRT,L'n andL’n,w).

Table 1 - L'n,w values given by each laboratory
Laboratory no. 11 21 3 4 5 6 7 B P 101)12|13]|14
L'n,w (dB/1/3 oct.) 8282|80(82|81({80|82(83|82(81|83|80]|83]|82
Table 2 - Basic statistical measures for RT (9),(dB) and L'n,w (dB)
Measure minimum mean maximum range (= max.-mistdndard deviatior
Freq.(Hz) | RT| L'n| RT| L'nl RT L'n RT L'n RT L'n
100| 3.9| 61.0 6.6 | 65.2/ 8.1 | 71.6/ 4.3 10.6 14 2.5
125| 4.2| 59.5 6.7 | 64.6{ 85| 71.8 4.3 12.3 14 2.9
160| 5.2| 65.1 6.4 | 68.2] 7.7 | 72.6| 2.6 7.5 0.9 2.2
200 39| 67.8§ 54| 71.6/ 6.5| 73.6/ 2.6 5.8 0.8 14
250 3.4| 73.1 45| 757/ 53| 776 1.9 4.5 0.5 15
315| 3.1| 70.4 41| 727 46| 745 15 3.8 0.5 1.3
RT 400| 3.0| 72.4 36| 757 40| 777 1.0 5.0 0.3 14
or 500| 26| 7409 3.2 | 759 36780 1.0 4.0 0.2 11
Ln |[630] 24| 75.0 2.7 | 76.8 3.0 | 78.3 0.6 3.3 0.1 1.0
800 | 2.1| 75.2 25| 76.7) 2.7 | 78.5 0.6 3.3 0.2 1.0
1000{ 2.0 | 745 2.3 | 76.5( 25| 77.7 0.5 3.2 0.1 0.9
1250{ 1.8 | 74.9] 2.1 | 76.9] 2.3 | 78.3 0.5 3.4 0.1 0.9
1500{ 1.9 | 75.3 2.0 | 77.0/ 2.1 | 783 0.2 3.0 0.1 0.9
2000{ 1.8 | 74.7/ 19 | 76.00 2.0 | 77.4 0.2 2.7 0.1 0.8
2500 1.7 | 73.3] 1.8 | 75.00 1.9 | 77.1] 0.2 3.8 0.1 1.1
3150{ 1.6 | 71.2[ 1.7 | 73.2| 1.8 | 77.4] 0.2 6.2 0.1 1.7
L’'n,w (dB) 80 (82 ?nlé?jian 83 3 11




ICSV13, July 2-6, 2006, Vienna, Austria

Table 3 presents the performance z-scores for kadanatory and for eacRT
andL'n frequency band andn,w. The figure 3 displays the individual laboraterie
L'n performance z-scores for the frequency bands @fab@ 125 Hz.

Table 3 - Performance z-scores for RT, L’'n andw’for each laboratory and frequency

band

Laboratory no. 1] 2| 3 4 5 i 1 B O 10 11 (12 |13 |14
100Hz | 0.1/05(09| - [0.6/1.0{09(1.4|1.1|/0.4[0.3| - |[2.0[0.4
125 0.2/0.6/0.8| - |1.1|1.3/0.9|1.4|/0.5|0.8/0.0| - |1.8|0.5
160 0.3/0.8{0.2 - [{1.1/09|14(1.3|1.3(0.4|0.7| - |1.3(0.7
200 0.1/0.3|/0.4| - |05]|1.1/0.8/1.2|1.4|0.1|/0.8] - |1.9]|1.0
250 0.10.2|0.4| - |09/0.1/0.3{1.0|/1.5|/0.4|0.8] - |2.2]|0.9
315 0.2/ 0.3|/0.3| - |05/04|0.7|2.1|1.2|0.1]0.3|] - |15]|1.2
400 0.3]0.0/0.4| - |05/05]1.1|1.3|1.7|0.2{0.0] - |1.9]0.9
Z(RT) 500 0.5/ 0.3|/0.5| - |0.7/0.3/0.5|2.4|1.0/0.1|/0.0| - |1.6|0.5
630 0.3/0.1{1.2| - {05/0.2{09|2.3{1.4|/0.3{0.4| - |0.5]|0.8
800 0.3]0.2/0.3| - |0.9|0.2|0.7|1.1|1.5|0.2|0.8| - |2.1|1.0
1000 0.4 01|11| - |0.7/0.0/09|09|15|0.0/0.3| - |2.3]|05
1250 0.3/ 0.0/06| - |0.2|/0.1|/08|2.4|1.3|/05|03| - |1.3|0.6
1500 100811 - {08]/0.7{1.0{15|1.4|0.1{0.4| - |1.1|0.7
2000 1.5/0.0{0.8| - [0.4|0.1/05|16[1.3|/1.4|/0.2| - |1.2|0.5
2500 0.9/0.1|/1.2f - |0.4(/0.2|0.7(1.9|/09(1.4|0.12( - |1.3(0.0
3150 0.7/0.2|114| - |0.3|0.1|0.2|2.2|1.1|11|06| - |0.7|0.7
100Hz | 0.200.3(1.7({0.2(0.4(1.1{0.2(0.7/0.3|/1.0(/2.6(/0.1|/0.3{0.5
125 0.4{0.1/1.8/0.4/0.3|0.7/0.3/0.5/0.5/1.0/2.5/0.2|0.9/|0.4
160 1.0/0.2(1.4({03(05(0.7/0.8/0.6(0.1{2.0/1.6/0.4|1.0(0.7
200 0.1/0.4|2.7/04/0.7/1.0/0.1/1.2|0.1/0.4/0.5({0.0/1.4(0.2
250 0.5/0.6{1.7/0.7/06(/0.0/{04(1.2|/05(0.4]1.3{1.6]/1.3(0.9
315 0.9/0.3/1.5/1.4/0.3{0.8/0.5{1.2|0.3|0.2{1.5{1.6]/0.9|0.1
400 0.9/0.1/1.7/0.8/0.0/2.2/0.5/0.3|1.0/0.2|0.5/0.1|/0.3|1.4
z (L'n) 500 1.1/03(1.7(0.0/1.0/0.8/05(/2.0/0.8/0.1/1.0/0.5/0.8|0.5
630 0.2/0.0/1.0/0.6|1.6{0.5/0.5|1.5/0.6|0.5|1.7{0.3|1.5|0.7
800 1.0{0.5(1.2{0.3/0.2{0.1(/0.1{16(0.2{0.4(1.3|1.5(1.8|0.0
1000 0.6/0.4|2.2(0.3/0.2(1.2|0.3(1.4/05(0.0/0.7(1.1|1.0(1.1
1250 0.1/ 05|2.1|/0.0/0.4|1.3|/0.4|15|0.2|/05|09|1.1|1.0|0.9
1500 1.1/0.4|1.8/0.3/0.0/1.2/0.0{/1.5/0.3/0.4(0.3|/1.3[/1.5(0.5
2000 1.2/0.6/0.6/05|0.8|/1.4|/0.0(1.7/0.2/0.9/0.8/1.6[/1.0({0.4
2500 1.4 06|1.0/0.3{0.4|1.4{0.1{1.0{/0.2/0.1({1.9(/1.5[/0.6({0.5
3150 1.2/0.3(1.0/0.1/0.5|/1.0/0.1|10.7/0.7|10.3| 2.5/ 1.2|0.4]|0.5
z (L'n,w) 0.0/0.0/1.8/0.0/0.9(/1.8/0.0/0.9/0.0/0.9/0.9|/1.8/0.9(0.0

Laboratories no. 4 and 12 did not present tRdidata
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Figure 3 - Performance z-scores for L'n at 100 kel 425 Hz (see Table 3).
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Table 4 presents the uncertainties for a confiddewel of 95%, which can be

understood as the reproducibility)(for each parameter:R =k . $ wherekis the

coverage factor (= 2.16, or 2.20 RNl ands thestandard deviation for parameter
The figures 4 and 5 display tHeT and L'n values with 95% confidence

intervals that represent the reproducibiity

Table 4 - Calculated reproducibilities (R)

Freq.
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* |SO 140-2 values (table A.3) by 7 UK laborator@s1978 (on wooden pavement)
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Figure 5 - L'n mean values with a 95% confidenderiral (= reproducibility R)

CONCLUSIONS

The values measured for thén,w show a large variability (a 3 dB range) with a
predicted reproducibility of 2.3 dB. This largepreducibility value and some
individual laboratoried.'n,w performance z-scores (varying up to 1.8) raiseesom
pertinent questions about the usual trueness hieakaboratories want to transmit to
their clients and even to the authorities about terk.

That value is nevertheless similar to the "safegrgm” that some authors
support for this parameter as Simmons in Swedam aftalyses with 17 laboratories
[5]. Also the standard ISO 140-2 refers (annex B1d) in laboratory conditions the
reproducibility will be usually about 1 to 3 dB. field situations, the values will be,
at least, the same. That reproducibility is alkise to the 3 dB presented on the
Portuguese Building Acoustics Noise Cg@gas the legal uncertainty to state for this
parameter.

The L'n,w standard deviation of 1.1 dB is very close to ¢tme referred by
Gerretsen when analyzing Dutch rep¢rlis

For all these, this work can support that an uagast of 2 dB should be stated
when presenting each and evemy,w result.

Concerning the intermediate paramef®¥ it must be pointed out the large
deviation from the reference values shown at vewy frequency bands (with a 4-
second range for thHeT values at 100 and 125 Hz frequency bands). Tdigidual
laboratories z-scores for thRT values were from 0 to a maximum of 2.4 that
represents a questionable work. TRiEvalues reproducibility was calculated to be
from 0.1 s in the higher frequency bands to abauirBthe very low frequency bands
(100 and 125 Hz).

The variability for the normalized impact souneégsure levell(n) showed a
very wide range of values from 8 to 12 dB in thé® 16 160 Hz frequency bands.
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The individual laboratories z-scores were from @16 and the reproducibility was
calculated to be from 1.8 dB (at 2 kHz) to 6.2 dBX25 Hz).

However, the reproducibility for the impact soumekssure levels are similar
(or 0.1 to 0.6 dB lower) to the ones referred byliynen in Finland done with 50
concrete slabg3]. The reproducibility for thé.'n is, for all frequency bands except
one, below the values stated in the ISO 140-2 stahds an informative annex. The
R-values of 5 and 6 dB determined for ttia very low frequency bands (lower than
200 Hz) force to issue a strong advice to handiefally the measurements in these
situations. Thd.’'n reproducibility of 2 to 4 dB at the 1250 to 315@ Hequency
bands have a higher risk for the firiah,w result because the adjustment done in the
ISO 717-2 method is affected by small variationgt@fL'n in at least one higher
frequency band. In the tested situation a change @B in just one value df'n on
frequency bands above 1000 Hz may induce a vamiaftid dB in the finalL'n,w.

This large variability of measurements results, ntyain very low frequency
bands, will be minimized in the majority of situ@is where the receiving room's
volume is smaller than the one at these comparismagor with a larger sound
absorption. The situation used in these measursnagned to enlarge the hazards of
some extreme situations (rooms a little bit lartfem the common dwelling living
rooms and without furniture or just after constiwia}.

The uncertainty can be minimized if special carel attention is put on
measuringRT andLi, especially below 250 Hz. In these frequency baatlleast, a
minimum of six measurements, evenly spatially dispé within the room (eight if
the receiving room is large and without furnitustiould be used and any aberrant
value (statistically outlier) ought to be ignoredif possible, increased sound
absorption should be set in the receiving roomalsd some scattered elements (like
large furniture) to improve the diffusibility of ¢hinstalled sound field.
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