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Playing with Sabines for baffles, diagonal absorption & plain panels

Reverberation Room ca 200 m* = 7063 f*
Floor ca 50 m?= 538 f2; Average heigth ca4 m=13.1 f

|
= 3.5°\>|
]'—82‘],
104.5° = -
5 % : S
3 - | esz- 1\
0/7:\ 96.9‘&\9

Copyright protected: exact dimensions removed from drawing

This document covers some acoustic measurements, executed in the Reverberation Room of the Catholic
University of Leuven - Belgium. ALL included data is copyright protected and can not be distributed, neither
complete nor partly, nor direct or indirect, via hard copy or on-line without the written consent of the author.

While not meant to give a complete oversight, nor an in-depth approach, this document can give some practical
insight in different acoustic phenomena or often referred topics.

None of the materials included in this document are standard commercial products, but discrete objects specially
produced or prepared (using standard commercial available material if applicable) in function of those
measurement sessions, or custom made products for specific projects.

The included measurements are executed by either the author of this document himself (with aid of assistants),
or University students accompanied by lab technicians/assistants. All measurements and studies included in this
document are initiated by the author and executed under the supervision of, with the co-operation or assistance
or interest shown by:

Prof. Dr. Ir. Gerrit Vermeir - Catholic University Leuven - Department Building physics - Laboratory Acoustics.

Some of the measurements are done just for the know-how and/or know-why, others where related to a TV-
studio in excess of 14000 m? (500,000 cf) acoustically designed by the author.

Possibly this document will be extended in the future with more (existing) data covering similar and other
acoustic absorption topics.
The author: Eric Desart
DESART acoustics
ANTWERP BELGIUM
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Interpreting Olsabine Values:

The table below is not meant to explain the measurement of Sabine values in a certified laboratory in-depth.
Much more is calculated than is shown here. Statistics are often involved to calculate the best straight line fitting,
in function of predefined minimum correlation factors. Literally applying the -5 dB to -35 dB rule can sometimes
cause some strange results.

However it is meant to show that there are tolerances, which can be influenced by numerous factors, as there
are the diffusity, modal behavior etc. which can be influenced by the 'to be measured' absorptive material itself.

Positioning of the material in the room, even when applied within the boundaries of the related standards, can
cause more or less deviations.

Can such measurements then not be trusted? YES THEY CAN BE TRUSTED.

Certified laboratories will do the utmost to fine-tune their rooms. Often they will compare similar material
measurements between labs as some kind of calibration. He standards prescribe rules in function of
repeatability etc.

Only one should take the complexity of the influencing physical factors into account. This means that one
NEVER should worry too much about minor differences between measurements of comparable materials.

Different labs can measure minor differences. Measured absorptive material is only a sample that can deviate a
bit from another sample. Even the same material measured in the same lab can show minor differences.

Experienced producers of specific acoustic materials, mostly do understand the boundaries and flexibility within
the specifications of the related standards. It can be temping to publish the most attractive measurement data.
Certainly when discrete large 3-D objects are involved, one must be careful to understand the acoustic
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boundaries of the published measurement data.
Problem is that often the needed info to judge or interpret the published Sabine values isn't published at all.

The table shows a typical measurement of a flat acoustic polyester foam (32 kg/m?®) mounted on a cavity of 35
mm. Reverberation time measurements are made from the room with (including edge screening) and without the
absorptive objects or lining. The difference between both, results in the added total absorption, which than can
be recalculated per unit of discrete objects (in US known as Sabines, in Europe often expressed as o per unit),
or per surface unit recalculated versus the total lined surface. The latter then results for both ASTM and ISO
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standards in the well-known os. The unit (imperial, metric) doesn't matter here since this can roughly be (as a
matter of speech = not complete exact) interpreted as a percentage of equivalent absorption per surface unit.

For the ones less familiar with such measurement procedures, but yet still interested to get the picture) a small
explanation of the content of the above table.

Columns:

Column 1: Frequency bands in 1/3 octave bands

Columns 2 & 10:
The total available dynamic range of the lab, based on the sound pressure level in the room resulting from
the noise source versus the background noise, measured per frequency band.

v"In order to have a valid measurement, one should try to measure a decay of 30 dB (exceptions are allowed
but should be avoided).

v"In order to make sure that there is a maximum sound distribution (diffusity) and to exclude early reflections,
the decaying noise is taken into account starting from the maximum level minus 5 dB.

v" In order to make sure that the background noise will not influence the tale of the reverberation decay, the
specific noise pressure at it lowest level integrated in the measurement must still exceed the background
noise with ca 10 dB.

v'In the table, the level difference between noise source and background noise, as such is 15 dB higher than the
above mentioned, for the measurement available dynamic range figures.

v' The standards tell that the Maximum pressure minus 5 dB towards -35 dB, is the standard range. However
laboratories often introduce some additional algorithms to optimize the straight line fitting, which can make the
method more complicated then a simple averaged subtraction.

v" Note that a published laboratory value is NEVER the result of a single measurement. The standards define
the number of measurements, source and microphone positions. Roughly one could say that with nowadays
real time equipment and fixed microphone positions, a published measurement is calculated from 12
measurements.

Columns 3t0 6 & 11 to 14:
This are the respective reverberation times over the diverse dynamic ranges:

v' Tgyn: Reverberation time calculated based on total VALID dynamic range (is the total dynamic range -15 dB).

v' Tio: Reverberation time calculated based on first 10 dB decay (-5 to -15 dB). This is also often referred to as
EDT or Early Decay Time and is in room acoustics an often used parameter in function of speech intelligibility.

v' T Reverberation time based on first 20 dB decay (-5 to -25 dB). This parameter is mostly used as an
alternative for the T3, when not enough dynamics is available. Some norms for in situ measurements
(building and industrial acoustics), define this as a standard parameter, since too often the conditions aren't
fulfilled to calculate a valid Tso.

v' Tso: Reverberation time based on first 30 dB decay (-5 to -35 dB). This is the most used standard approach,
also mentioned in lots of norms as THE standard or preferable approach.

v" Note that all the above are in fact real reverberation times expressed as the time in seconds for a decay of
60 dB. The difference is only to be found in the dynamic decay range this T is calculated from.

Columns 18 to 21:

This are the respective Sabine values calculated for the above different dynamic noise decay ranges. Here
one can notice that noise decay and absorption isn't such a nice linear process, as one should imagine at a
first glance. It also shows the uncertainties and physical phenomena (often difficult to study) influencing
those results.

NOTE THAT IN AN OFFICIAL LABORATORY MEASUREMENT REPORT ONLY THE T30 WILL BE
SHOWN (exceptionally a T, will be used to compensate for lacking dynamics. The author assumes this will
seldom occur).

Columns 7to 9 & 15t0 17:

The standard deviations calculated for both, the measurements with the absorptive sample, and the empty
reference room, with the effect on the related absorption values (minus and plus) (only shown for T30
values).

Column 23:
The standard deviation calculated on the final published T3, Sabine values, taking both the uncertainties of
the empty room and the sample measurements into account. While containing interesting additional
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information, even most acousticians will only see minor part of the information included in the above table.



Sound Absorption Measurements Section Il - pages 3 & page 5 of 9

Baffle flat at floor
Baffles in m:
Baffle vertical on floor 1.2x0.9x0.12
Frame in mm:
Baffle at 45° at 25x 122 x25x 0.7
intersection floor - wall
p Same as above with steel Wooden edge
sheet center core screening H: 0.9 m
12 baffles vertical

Measurement 01

12 baffles vertical

12 baffles vertical

Measurement 02 Measurement 04

12 baffles flat

Measurement 07

Diagonal absorption
Top sides open

Measurement 08 Measurement 10

12 baffles flat 12 baffles flat

12 baffles flat

Measurement 11 Measurement 12 Measurement 13
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All graphs together:

While this graph is very difficult to read or interpret in detail, one conclusion stands out from the pack:

Playing with metric Sabine values of 12 baffles in an official Reverberation Room
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All detailed measurements to be found in Appendix A of this document

A Sabine value is NO constant material property.

All the above measurements are executed with THESAME Baffles. The only material difference are the baffles
where a metal sheet center core was integrated. However this center core (as to be expected) has negligible
impact.

As such one can notice that measurement technique, positioning in the room, and numerous other phenomena
can influence the resulting data. As such it has little sense to compare Sabine data from one supplier to the
other, in senseless detail.

Even repeated measurements on the same material in the same laboratory, will show some deviation. Different
laboratories, can show larger deviations.

When measuring discrete objects as baffles, chairs, people, tube traps and other kinds of discrete absorbers the
difference can become much larger, since the related standards do allow a lot of interpretation in the way they
should be measured, and how the results are presented.

The slightly different approach between the standard sample size as defined by the ASTM (US) standard (72sf -
6.7 m?) versus the ISO (European) standard (ca 129sf = 12 m?) can contribute a lot to this confusion. Based on
a floor surface of ca 50 m? (538 sf) this different sample size equals respectively a floor coverage of 13.4%
versus 24 %, having significant impact on the diffusity of the room, causing the US standard almost
systematically to result in somewhat higher Sabine values for plain (and other) materials. This different sample
size also contribute to the higher ASTM edge effect (ratio perimeter versus surface, also contributing to those
higher values.

It should also be clear that producers have great interest in showing as high as possible Sabine values. By not
describing the exact used measurement method, in fact the user is prevented to picture the exact content the
presented Sabine values stand for. As such some discrete objects are presented in such a way that the layman
or even acoustician with less lab measurement experience can STRONGLY be mislead. Certainly discrete
objects allow for such confusion which can sometimes be presented as values with a factor 3 too high versus the



same discrete object used as part of an array.
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While for plain materials as foam or mineral wool panels measured as per the related standards, the comparison

between the resulting values can give a good representation of acoustic quality differences.

However for

discrete object the measurement method is too great an influence, to interpret resulting values without any
further description of the used method.

Note that the results in this study are NOT meant for publication as official values, but to study some acoustic
phenomena.

A Sabine value represents the sound absorption of materials or discrete
objects within, and related to, certain boundary conditions.

The extreme efficiency of Diagonal absorption:

The extreme efficiency of diagonal absorption versus the other measurements
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Measurement 10

—m— (02: Dip 01 but edge-screened by frame as per ISO 354
—x— 05: Dito as 02 but baffles positioned in rows
——~— 08: 12 baffles flat on floor; per 3 p. centered on walls
09: 12 baffles flat on floor; per 3 p. in comers
—e— 10: 12 baffles at45° junction floor-wall; 3 p./comer
12: Dito as 11 but distance of 0.75 m between rows
13: 12 baffles flat on floor; adjacent rectangle 5.4 x 2.4 rr

In the above graph a selection is made of the other measurements in order to be compared with the principle of
diagonal absorption.

Excluded are:
1.

All baffles with a metal sheet center core since the shown diagonal absorption also does not include

the center core.

The baffles without screening, since they are basically measurements presenting a wrong absorption
picture. They are included in this study to measure and show this non-screened edge effect.

Measurement 7, since this measurement shows an increased absorption in the 125 Hz and 160 Hz
band, which is clearly related to the specific layout/arrangement of the measurement in the
reverberation room, and as such not really representative for the behavior of a 120 mm thick

absorptive cladding.

It should be clear that diagonal absorption (panels mounted at 45° in corners) in a 2-wall intersection, and even
more in a 3-wall intersection is an extremely efficient absorptive approach.
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Unlike standard absorption, where with increased thickness or increased cavity width behind the absorptive
panels, the absorption curve becomes flatter and flatter (increased low frequent absorption with increased
thickness = relation with wavelength), with diagonal absorption, one gets a reverse absorption curve, where the
low frequent absorption becomes higher than the higher frequency range (curve declines rather than rises).

While doing so, this positive low frequent effect is not at the expense of the mid and high frequencies still
exceeding the absorption values of other object or panel arrangements.

This phenomenon is confirmed by several other measurements executed by the author.

While the principle is familiar and used a lot in practice in the studio world, elsewhere it seems not a common or
well-known approach. ;
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