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ABSTRACT

Sound absorption measurements of building matesiath as suspended ceilings and other productsesi@med in

a reverberation chamber according to ISO 354. khimwn that the inter laboratory reproducibilitytbbse measure-
ments is not very well. At this moment the diffezen of results between laboratories are much ldinger can be ac-
cepted, e.g. from a jurisdictional viewpoint in eax building contracts and liability. Actions shdue taken to re-
duce the spread. An ISO working group has stadedviestigate possibilities to improve the methbde to the in-

sufficient diffuse sound field in a reverberatidramber with the test sample, the shape of the lvevation room and
the placing of diffusers will influence the resuitround robin research containing 13 laboratosgserformed to get
information on the spread and if it is possiblegduce this by correcting for the mean free pathyoapplication of a

reference material.

REQUIREMENTS

The property to be determined in the laboratoryusdhdulfil
two basic requirements:
1. It should correspond to the basic concept of absorp
tion, representing what is actually happening.

2. it should be determined with a certain level of ac-
curacy. Since basically different products have dif
ferences in absorption around 0,1, it would be de-
sirable that the reproducibility is not more than
0,05.

When we look into the results of laboratory souhdoaption
measurements we often find data with an absorptamsffi-
cient higher than 100%. This does not fulfil thestfirequire-
ment. It is not clear how to determine the ‘righbsorption
coefficient. The spread between data from diffedabs is
also significant (see further). And Manufactureraynshop’
for the laboratory with the highest values.

So it seems that both requirements are not fuffill/e will
give some results of a recent wound robin, a steetview
of possible causes of the aforementioned problerdssame
possibilities to improve the results.

ROUND ROBIN

The absorption of four samples has been tested:

1. 15 elements of mineral wool (Rockwool type 211,
thickness 100 mm and density of ca. 44 kg/m3) in a
wooden casing (1,2*0,6m), covered with a non-
woven fleece (Lantor type 3103HO) and an open
wire mesh for protection. The back is made of a 3
mm hardboard.
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2. A mixture of 8 panels type 1 and 7 panels typa 3, i
a checkerboard lay out.

3. As type 1, mounted up side down, with the 3 mm
hardboard exposed.

4. 18 elements of 25 mm thick foam (Mappypell SP
25B) with one side foil, glued to 8 mm mdf panels
The dimensions of each panel are 1000 x 600 x 33
mm.

The following laboratories participated: CSTB (ParBglta
(Hoersholm), IAB (Oberursel), ITA (Achen), ITA (Wies
baden), KUL (Leuven), Peutz (Mook), PTB (Braunschyeig
2 halls), SP (Boras), SRL (London), TNO (Delft) ,WTCB
(Limelette).

The laboratories did the measurements and submiktted
measured reverberation data. The calculation obrakisn
data and further analysis was done by Peutz.
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Figure 1: Measurement results of the sound absorpti
in 13 labs. The black solid line gives the avenageilt.
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Figure 1 shows the data and the average of thdtsesi fect as a linear function of the relative edge thn@he edge
sample 1. This figure shows that the average abear|s occurs mainly at the lower frequencies from 200-5120 For
more than 1,0, especially around 400 Hz. It alsowsha small wavelength the edge effect is very small.
significant spread and some data that are cleautliecs, with
result over 1,2 or under 0,9. 0 A =
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The calculated Reproducibility according to [1bjgisen in sl
Figure 2. For the middle frequencies the reprodlitgilis in
the order of 0,2, this corresponds to the valuesrgin [1a]
and corresponds to earlier investigations by [P]4B
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By removing 4 of the 13 results a significant rethre in 02
Reproducibility at the middle and high frequencies e

achieved. So it seems that a few laboratories esgonsible o1
for a large part of the deviations.
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2. The calculation by Sabine’s formula may overeate the
absorption. Eyrings formula gives lower resultse Hifect is
around 0,03. It is noted that the average absarmgtiGcample
1 (see figure 1) is around 1,03 for the high fretpies.

Figure 2: Reproducibility of sample 1 according to
[1b]. For 13 labs (blue line) and for 9 labs (grdiee).
Also indicated are the indications for the Reprotikci
ity of a high and a low absorptive sample [12]. 3. The diffusers in reverberation chambers willuesl the
path length and thus the mean free path. This teffeaot
accounted for in the calculation of the absorpti@m the
measured reverberation times.

From the measurement data we can conclude thaterp-
tion data can be (significantly) above 1,0 andRe@roduci-
bility is much more than 0,05.

The average absorption data and Reproducibility ddta REASONS FOR LARGE SPREAD

sample 1 to 4 are given in Figure 3, The main reason for the large spread in resuksected to

Average absorption coefficients be the lack of a diffuse field in the reverberatabramber. On
£, —— Sampel 1 can think of the sound field consisting out of aibantal
g 1 s — —=— Sampel 2 sound field and a vertical sound field. Especidtly high
8 e, //:*’*""w‘,,,,,_711‘ 2:2233 absorptive samples the vertical field will be stryndamped,
EEL 04 ;7’ while the horizontal sound field is much less akéecby the
5 02 absorption. If the horizontal sound field dominaté®e ab-
20 sy 3§y sorption will be underestimated. With wall diffusi@ne can

S 8 8 8 8 z E jN: 3 redirect the horizontal sound field into the veaticound

field and thus increase the absorption. The praeentu[1b],
Freauency [Hz] to increase diffusion until the absorption does imorease
anymore does not always give an optimum. The akisorp

Reprodubility
—sampell may not be beyond the maximum with maximum numifer o

5 o8 —=—Sampel2 diffusers [6],[7]. The absorption may be increaseén fur-
980 Sampel3 ther by wall diffusion.
2 0:407 Sampel 4
éﬁ §%§ S E— S = = e So, although an attempt has been made with théfiqgatibn

000 T T T T T N a a w procedure in [1b], the sound field in a reverbemithamber,

é é é é é : x = 3 with high absorptive sample, is not clearly defirgml the

. conditions for application of Sabines equationratmet.
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POSSIBILITIES TO REDUCE THE

Figure 3: Average measured absortion (upper graph) ABSORPTION AND THE SPREAD

and Reproducibility (lower graph) of sample 1 to 4.

The result of the absorption measurement can heegidby:

REASONS FOR HIGH ABSORPTION
1. Correcting for the edge effect, thus obtaining #bsorp-

There are several (potential) reasons for the aixgorption: tion for the infinite sample. This was proposedhia 60's but
did not make it into the standard. It requiresrt@asurement
1. One of the reasons far > 10 is the well known edge of many different configurations with different Ezlgength
effect. This is related to the wavelength relativéhe dimen- and therefore it is not practical. That means that edge
sions of the sample, see [5]. Figure 4 illustréesedge ef- effect has to be accepted. By giving the rangeferdimen-
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sions of the sample, the relative edge length feraatically
fixed within a range.

2. One may use Eyrings formula in stead of Salvithout
going into the theoretical background we can sed¢ this
might prevent the high frequency excess. It wilt neduce
the spread (there will be a small effect thougtReproduci-
bility since the Reproducibility is lower for low sbrption
values).

3. One may correct for the shorter mean free patthé re-
verberation chamber with free suspended diffusiagets.

The mean free patﬁ can be calculated from:
Y,
| =— m 1
= (m (@)
If we determine the actual mean free pMRP from ray
tracing calculations the corrected volume for tlee fhanging
diffusers can be calculated by:

V =MEP> m] (2
¢ 4

A calculation for one of the reverberation chambghews
12% lower absorption results using this reducedumel.
However the problem remains, since it has to berdened
what surface to use: the surface of the walls erdiirface
including the surface of the diffusers.

4. Use volume diffusers in stead of free hangirffuseérs. In
this case the volume behind the diffuser can beracied,
see figure 5. This might also influence the diffusiof the
room, especially when applied to the walls. Thidigcussed
in [8].

Figure 5: lllustration of the shielding by a suspet
diffuser (upper right) and the more defined sitmti
for volume diffusers (left).

5. A more strict qualification procedure for labtmnges, for
example with a reference absorber and a definedvitin
Figure 6 shows the average absorption of sampledltize
bandwidth (+%2R) of 9 out of 13 laboratories. In ctse re-
sult is within the bandwidth the Lab is ‘qualified’
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Figure 6: lllustration of the average and spreddR}
of sample 1 and the indvidual result of one labmsat
(green).
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6. Calibration of the reverberation chamber by @rnefce
absorber. This will be discussed in the next paaigr

CALIBRATION BY A REFERENCE ABSORBER

When using a standard absorber the average resyitbm
used as a reference for correcting measurementtgesiu
other samples, based on the difference of the medsab-
sorption of the reference absorber and the aveabgerption
of this absorber. The results of sample 1 will bedias ref-
erence absorber, to correct the measurement reddsnple
2 and 4.
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Figure 7: The effect of correcting for the refererab-
sorber (sample 1) on the Repoducibility of sample 2
(upper graph) and sample 4 (lower graph).

Figure 7 shows the Reproducibility of sample 2 andt4
shows that especially when the Reproducibility exse@,1,

the use of the reference absorber reduces thedspigaifi-

cantly. When the Reproducibility is already belowt,0no

further improvements are found. This indicates,thasum-
ing the spread consist of a statistical variatiod a system-
atical variation due to the sound field propertieshe rever-
beration chamber, the systematical variation carfiltezed

out to some extend by using the reference absoHmre-
cially the outliers that are responsible for a éapart of the
spread (see figure 2), are consistent, also forother sam-
ples. By using the correction based on the referabserp-
tion, mainly these outliers are corrected.

CONCLUSIONS

A Round Robin test for the sound absorption usimgréver-
beration chamber method is performed. From the uneas
ments it can be concluded that:

- The measured sound absorption of a high absorbing
material is larger than 1,0, both for the lower fre
guency range, where this can be attributed to the
edge effect, as for the higher frequencies.

- The Reproducibility of the absorption measurement
is rather poor.

- A limited number of ‘outliers’ is responsible for
this Reproducibility.

Additional analysis of the data showed that:
- The high frequency excess of 1,0 can be reduced

by:
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0 Using Eyrings formula in stead of Sa-
bine, and/or,

o Correcting for the effect of diffusers.
- The spread can be reduced by:

0 Qualification of laboratories using a ref-
erence absorber, or,

o Correcting the laboratory result for the
difference of the measured value of the
reference absorber and the average value.

The use of volume diffusers in stead of free sudpdndif-
fusers may create a more defined situation, themelof the
diffusers can be subtracted from the volume ofrtheem and
applying these on the walls may give a better défdield
situation.
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