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I ntroduction

Sound absorption measurements of building matesiath
as suspended ceilings and other products are patbin a
reverberation chamber according to 1ISO 354.

It is known that the inter laboratory reproducilyilof these

measurements is not very well. At this moment the

differences of results between laboratories arehmanger
than can be accepted, e.g. from a jurisdictionaivpioint in
case of building contracts and liability. Actionsosild be
taken to reduce the spread. An ISO working group ha
started to investigate possibilities to improve itinethod.

Due to the insufficient diffuse sound field in aveeberation
chamber with the test sample, the shape of thelrexation
room and the placing of diffusers will influencetresult.

A round robin research containing 13 laboratories i
performed to get information on the spread andt ifsi
possible to reduce this by correcting for the miaa path
or by application of a reference material.

Requirements

wire mesh for protection. The back is made of a 3
mm hardboard.

2. A mixture of 8 panels type 1 and 7 panels typa3, 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 (BarDelta
(Hoersholm), 1AB (Oberursel), ITA (Achen), ITA
(Wiesbaden), KUL (Leuven), Peutz (Mook), PTB
(Braunschweig, 2 halls), SP (Boras), SRL (Londdr)lO
(Delft) WTCB (Limelette).

The laboratories did the measurements and submitied
measured reverberation data. The calculation obrakisn
data and further analysis was done by Peutz.

The property to be determined in the laboratoryukhdulfil
two basic requirements:

1. It should correspond to the basic concept of

absorption, representing what is actually happening

It should be determined with a certain level of
accuracy. Since basically different products have
differences in absorption around 0,1, it would be
desirable that the reproducibility is not more than
0,05.

When we look into the results of laboratory sound
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absorption measurements we often find data with a
absorption coefficient higher than 100%. This doesfulfil

the first requirement. It is not clear how to detere the
‘right’ absorption coefficient. The spread betwetaia from
different labs is also significant (see further).ndA
Manufacturers may ‘shop’ for the laboratory witle thighest
values.

So it seems that both requirements are not fulfil\l@e will
give some results of a recent wound robin, a shagtview
of possible causes of the aforementioned problemdsame
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

Figure 1: Measurement results of the sound absorption in

13 labs. The black solid line gives the averagaltes

Figure 1 shows the data and the average of thdtsesu
sample 1. This figure shows that the average abears
more than 1,0, especially around 400 Hz. It alsowsha
significant spread and some data that are cleautiiecs,
with result over 1,2 or under 0,9.

The calculated Reproducibility according to [1bjgisen in
Figure 2. For the middle frequencies the reprodlitsilis in
the order of 0,2, this corresponds to the valugergin [1a]
and corresponds to earlier investigations by [2][43

By removing 4 of the 13 results a significant rethrc in

Reproducibility at the middle and high frequencoes be
achieved. So it seems that a few laboratoriesemgonsible
for a large part of the deviations.
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Figure 2: Reproducibility of sample 1 according to [1b].
For 13 labs (blue line) and for 9 labs (green lin&so
indicated are the indications for the Reproducipitif a
high and a low absorptive sample [1a].

From the measurement data we can conclude that the

absorption data can be (significantly) above 1,d #me
Reproducibility is much more than 0,05.

The average absorption data and Reproducibility dzt
sample 1 to 4 are given in Figure 3.
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Figure 3: Average measured absorption (upper graph) and
Reproducibility (lower graph) of sample 1 to 4.

Reasons for high absor ption
There are several (potential) reasons for the algorption:

1. One of the reasons far > 10 is the well known edge

effect. This is related to the wavelength relatiee the
dimensions of the sample, see [5]. Figure 4 ilatss the
edge effect as a linear function of the relativgestength.
The edge occurs mainly at the lower frequencies fa®0-
500 Hz. For small wavelength the edge effect iy genall.

2. The calculation by Sabine’s formula may overeate the
absorption. Eyrings formula gives lower resultse Hiffect is
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Figure 4: The edge effect: the absorption of a finite sample
is composed of the absorption of an infinite samizhg)

and a facto3 multiplied with the relative edge length E.
The graph show thg3 from experimental and theoretical
studies [5].

around 0,03. It is noted that the average absoraticample
1 (see figure 1) is around 1,03 for the high fremies.

3. The diffusers in reverberation chambers willuesl the
path length and thus the mean free path. This teféenot
accounted for in the calculation of the absorpfimm the
measured reverberation times.

Reasonsfor large spread

The main reason for the large spread in resubgpected to
be the lack of a diffuse field in the reverberatiramber.
On can think of the sound field consisting out dfogizontal
sound field and a vertical sound field. Especiddly high
absorptive samples the vertical field will be styiyn
damped, while the horizontal sound field is mucksle
affected by the absorption. If the horizontal souield
dominates, the absorption will be underestimateih Wall
diffusion one can redirect the horizontal soundtfiato the
vertical sound field and thus increase the absmmptThe
procedure in [1b], to increase diffusion until thlesorption
does not increase anymore does not always give an
optimum. The absorption may not be beyond the maxim
with maximum number of diffusers [6],[7]. The abstion
may be increased even further by wall diffusion.

So, although an attempt has been made with théigatbn
procedure in [1b], the sound field in a reverberati
chamber, with high absorptive sample, is not cjedéfined
so the conditions for application of Sabines equmtre not
met.

Possibilities to reduce the absorption
and the spread
The result of the absorption measurement can heeedby:

1. Correcting for the edge effect, thus obtainirge t
absorption for the infinite sample. This was pragb# the
60’s but did not make it into the standard. It riegsl the



measurement of many different configurations wiffedent

Edge length and therefore it is not practical. Tihatns that
the edge effect has to be accepted. By giving dmge for
the dimensions of the sample, the relative edggtleis

automatically fixed within a range.

2. One may use Eyrings formula in stead of Sativighout
going into the theoretical background we can seg this
might prevent the high frequency excess. It wilt reduce
the spread (there will be a small effect though
Reproducibility since the Reproducibility is lowésr low

or
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absorption values).

3. One may correct for the shorter mean free patthé
reverberation chamber with free suspended diffupiagels.
The mean free path can be calculated from:

N

[m]

(1)

If we determine the actual mean free pMRP from ray
tracing calculations the corrected volume for theef
hanging diffusers can be calculated by:

S
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(2)
A calculation for one of the reverberation chamb&tews
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 erdirface
including the surface of the diffusers.

4. Use volume diffusers in stead of free hangirifusiéers. 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.

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

5. A more strict qualification procedure for labimrées, for
example with a reference absorber and a definedvidth.
Figure 6 shows the average absorption of sampleditize
bandwidth (+2R) of 9 out of 13 laboratories. In edke
result is within the bandwidth the Lab is ‘qualdie

6. Calibration of the reverberation chamber by ference
absorber. This will be discussed in the next payalgr

Figure 5: lllustration of the average and spread (+%IR)
sample 1 and the individual result of one labogafgreen).

Calibration by areference absor ber

When using a standard absorber the average resyitbe
used as a reference for correcting measurementtsresiu
other samples, based on the difference of the medsu
absorption of the reference absorber and the agerag
absorption of this absorber. The results of sanpiell be
used as reference absorber, to correct the measntem
results of sample 2 and 4.
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Figure 7. The effect of correcting for the reference

absorber (sample 1) on the Reproducibility of sanle

(upper graph) and sample 4 (lower graph).
Figure 7 shows the Reproducibility of sample 2 @ndt
shows that especially when the Reproducibility exise0,1,
the use of the reference absorber reduces the dsprea
significantly. When the Reproducibility is alreablglow 0,1,
no further improvements are found. This indicathat,t
assuming the spread consist of a statistical vanaand a
systematical variation due to the sound field proee in the
reverberation chamber, the systematical variatian be
filtered out to some extend by using the referesilasorber.
Especially the outliers that are responsible ftarge part of
the spread (see figure 2), are consistent, alsah@rother
samples. By using the correction based on the esfer
absorption, mainly these outliers are corrected.



Conclusions

A Round Robin test for the sound absorption using t
reverberation chamber method is performed. From the
measurements it can be concluded that:

the measured sound absorption of a high absorbing
material is larger than 1,0, both for the lower
frequency range, where this can be attributed ¢o th
edge effect, as for the higher frequencies

the Reproducibility of the absorption measurement
is rather poor

a limited number of ‘outliers’ is responsible foig
Reproducibility

Additional analysis of the data showed that:

the high frequency excess of 1,0 can be reduced by:

0 using Eyrings formula in stead of Sabine,
and/or

0 correcting for the effect of diffusers
the spread can be reduced by:

0 qualification of laboratories using a
reference absorber, or

0 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 sudpdn
diffusers may create a more defined situationvitlame of
the diffusers can be subtracted from the volumthefroom
and applying these on the walls may give a betifnse
field situation. This needs further research.
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