| hd |

NRC Publications Archive
Archives des publications du CNRC

Sound decays in rectangular rooms
Bradley, J. S.

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. /
La version de cette publication peut étre I'une des suivantes : la version prépublication de I'auteur, la version
acceptée du manuscrit ou la version de I'éditeur.

Publisher’s version / Version de I'éditeur:

Proceedings of Inter-Noise '81: Practice of Noise Control Engineering: 06 October
1981, Amsterdam, The Netherlands, 1, pp. 221-224, 1981

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=e681c372-11ab-4e6b-9768-479fcaf48a95
https://publications-cnrc.canada.ca/fra/voir/objet/?id=e681c372-11ab-4e6b-9768-479fcaf48a95

Access and use of this website and the material on it are subject to the Terms and Conditions set forth at
https://nrc-publications.canada.ca/eng/copyright
READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE.

L’accés a ce site Web et I'utilisation de son contenu sont assujettis aux conditions présentées dans le site
https://publications-cnrc.canada.ca/fra/droits
LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Questions? Contact the NRC Publications Archive team at
PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the
first page of the publication for their contact information.

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la
premiére page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez
pas a les repérer, communiquez avec nous a PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

 Ld

National Research  Conseil national de
Council Canada recherches Canada Canada


https://nrc-publications.canada.ca/eng/view/object/?id=e681c372-11ab-4e6b-9768-479fcaf48a95
https://publications-cnrc.canada.ca/fra/voir/objet/?id=e681c372-11ab-4e6b-9768-479fcaf48a95
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits

Institute for Institut de
Research in recherche en
Construction construction

http://www.nrc-cnrc.gc.calirc

Sound decays in rectangular rooms

NRCC-36886

Bradley, J.S.

October 1981

A version of this document is published in / Une version de ce document se trouve dans:
Proceedings of Inter-Noise '81 : Practice of Noise Control Engineering
Amsterdam, The Netherlands, October 6-8, 1981, pp. 221-224

The material in this document is covered by the provisions of the Copyright Act, by Canadian laws, policies, regulations and international
agreements. Such provisions serve to identify the information source and, in specific instances, to prohibit reproduction of materials without
written permission. For more information visit _http://laws.justice.gc.ca/en/showtdm/cs/C-42

Les renseignements dans ce document sont protégés par la Loi sur le droit d'auteur, par les lois, les politiques et les réglements du Canada et
des accords internationaux. Ces dispositions permettent d'identifier la source de l'information et, dans certains cas, d'interdire la copie de
documents sans permission écrite. Pour obtenir de plus amples renseignements : http://lois.justice.gc.ca/fr/showtdm/cs/C-42

National Research  Conseil national
Council Canada de recherches Canada



http://www.nrc-cnrc.gc.ca/irc
http://laws.justice.gc.ca/en/C-42/index.html
http://lois.justice.gc.ca/fr/showtdm/cs/C-42




inter-noire
8l

SOUND DECAYS IN RECTANGULAR RQOMS

J.5. Bradley

Division of Building Research .
National Research Council of Canada
Ottawa, Canada, K1A OR6

Measured reverberant sound decays are frequently used in noise
control calculations that are based on the assumption of diffuse field
conditions. Diffuse field theory suggests that decays plotted in
terms of decibels versus time should be linear and related to the
absorbing properties of the room.l It is kmown that in many real
situations measured decays deviate from these simple expectations.
The present work is concerned with the effect of two conditions for
which ideal diffusion would not be expected in rectangular rooms:
the effect of an abserbing surface, and the effect of varying room
ratios. Initially, decays were computed using a computer model based
on an image sources approach., A simpler compeosite decay curve tech-
nique was then devised that agreed well with the computed decays.
Finally, measured decays were obtained to demenstrate the validity of
the computed results.

TMAGE SOURCES COMPUTER MODEL

For rectangular rooms it is quite simple to calculate the magni-
tude and arrival time of individuel reflections using the method of
image sources.Z Each image source in a cell of the lattice of image
rooms represents a particular reflection. Although the technique is
well known, it is necessary to compute an extremely large number of
reflections in considering a complete 60 dB decay in & typical rever-
beration chamber {85 miliion reflections were needed for cne 4 s
decay). The computer program accommodated the large number of reflec-
tions by adding the energy of each reflection intc one of 20 sums re-
presenting 20 time intervals in the decay. Thus it was only necessary
to store 20 numbers representing a decay and not the details of each
reflection. The computer program could also be interrupted and re-
started without loss of data whenever computer time was available.

The image sources technique assumes specular reflections; where more
diffuse reflections occur it would not be appropriate.
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Decays were first computed for a room corresponding to the large
NRC reverberation chamber {7.98 m x 6.48 m x 4,88 m) with varying
amounts of absorption on one surface. Curved decays were produced
that differed increasingly from an Eyring-type prediction as more
absorption was added. ¥ig. 1 shows an example in which o = 0.25 for
the absorbing surface and o = 0,025 for the other surfaces. Even for
no added absorption the computed decay was not perfectly linear and
indicated a longer reverberation time than would the associated Eyring
reverberation time (Fig. 2).

Initial experiments with room.ratios were made by varying only
one dimension. As one dimension of the room was made longer than the
others, the decays became increasingly more curved and the associated
reverberation times increasingly greater than those obtained from the
Eyring formula, Fig, 3 gives an example for a rvoom 14.69 m x 6.48 m x
4.88 m. From a large number of computed decays it appeared that the
particular decay shape was unique to the particular cenditions for
which it was derived.

COMPOSTITE DECAY CURVE TECHNIQUE

As up to two or more weeks of computer time were required to com-
pute decays using the image sources computer model, it was clearly not
a practical means of estimating the expected decay curved. A com-
posite decay curve model was therefore derived that was computa-
tionally simpler and preduced decays in close agreement with the image
source cemputer model results. The composite decay model assumed a
transition from g three-dimensional to a two-dimensional and, finally,
to a one-dimensional decay process. The least rapidly decaying
process was assumed to predominate at a given point in the decay. One
can calculate & decay envelope of the sound intensity I as a function
of time as:

1(t) = dN/dt + I(t)

where dN/dt is the rate of arrival of reflections and I(t) is the mean
intensity of a reflection at time t. As shown by Boit et al.,2in a
rectangular room

ctS/Av

I(t) = (4we/V) (1 - &) {1)

where ¢ = speed of sound, V = room volume, S = room surface area. It
may similarly be shown for twe-dimensional and one-dimensional enclo-
sures respectively that

1) = (2e/(At)) (L - a)CtP/mh @

where A = area of the enclosure, p = perimeter,

ct/8

I{t) = (2/(c & t2)) {1 - @) (3)
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where & is the length of the enclesure. The decay can be described
initially as a three-dimensional process, as given by Eq. 1, and then
as a two-dimensicnal, and ultimately as a one-dimensional process.
The over-zll composite decay curve is formed hy selecting the least
rapidly decaying process at each point.

Composite decay curves calculated in this way were found to agree
well with the decays computed using the image sources model (Fig. 1, 2
and 3), Families of calculated composite decay curves were readily
derived to demonstrate the effects of room ratios and the addition of
an absorbing surface,

MEASURED DECAYS

Measurements were made in a model reverberation chamber with
dimensions exactly 40% of those of the large chamber mentioned
earlier. Each measured decay presented here is the average of 10 de-
cays, each at five different microphone positions. For situations
where the model behaved as a perfectly rectangular room in which sound
reflected specularly, good agreement was obtained with the calculated
compesite decay curves, Fig. 4 illustrates the measured and calcu-
lated decays for the model room with one absorbing wall., Similar
agreement was achieved when room ratics in the model chamber were
varied. The bare rcom had a measured absorption coefficient of 0.05,
and the 1.96 m x 2.59% m absorptiocn covered surface had a measured
absorption coefficient of 0.39 at 2500 Hiz. Where the walls were not
perfectly flat and parallel or where more diffuse reflections oc-
curred, agreement between measured decays and compesite decay curves
broke down and measured decays tended to be in closer agreement with
Eyring-type predictions.

APPLICATIONS

When decay curves are not linear but curved, it is often confu-
sing to consider only a reverberation time based on a linear fit to
a particular portion of the decay. The composite decay curve proce-
dure provides a relatively simple method of predicting the complete
decay curve. Measured decays will probably only follow the composite
decay curve when there is very little diffusion in the decay process.
One should probably regard the Eyring decay and the composite decay
curves as the bounds between which real decays will cccur, with the
measured decays more closely agreeling with the Eyring decay when more
diffuse reflections exist.
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Figure 1 Comparison of image sour-

ces (solid line) composite decay
curve (upper dashed line), and
Eyring decay with one absorbing
wall
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Figure 3 Comparison of image sour-

ces (solid line), composite decay
curve (upper dashed line}, and
Eyring decay with increased room
ratios

dB

RELATIVE SOUND LEVEL,

TIME, s

Figure 2 Comparison of image
sources (solid line), composite
decay curve (upper dashed line},
dand Eyring decay, for a bare
reverberant room (2 = 0.05)

0.
oA
-
B
ud
&
[
o
=
=
o]
Y
w0
=
<t
-
[*%]
o
wﬁg | I S | | | S | I - |
0 1 2
TIME, s

‘Figure 4 Comparison of neasured
decay (solid line), composite
decay curve (upper dashed line)
and Eyring decay for case of one
absorbing wall
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