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In the music performance room standard NS 8178 and the rehearsal room standard ISO 23591, Sound
Strength (G) is assumed to be an important parameter which is controlled by setting requirements for
favourable combinations of room volumes (V) and reverberation times (7). However, room volumes are
sometimes ambiguous. In many performance spaces, performers and audience are located and restricted to
a subdivision of the total volume inside the room's enclosure. This is often the case when converting existing
buildings from their original purpose to be used as performance spaces. Typically, a non-linear decay is
observed. In such rooms, the calculated or measured G and T may differ considerably from those calculated
or measured in a simpler geometry where performers and audience employ the full floor surface, with four
walls and ceiling defining an un-ambiguous volume. While G and T are measures that directly corresponds
to perceivable aspects, even in a blindfold test, volume is in general not so.

In this paper, combinations of 7 and G that correspond to those intended in the music room standards are
presented in one single diagram. Some relevant implications will be discussed.

While the 7-V criteria in the music room standards are based on theory and empirical data from well-defined
volumes with diffuse-like conditions, a sub-volume may be a coupled space and might have a non-linear
decay.

With the loudness directly accounted for by G, and no longer by the 7-7 combination, 7 can be reserved
for describing purely temporal aspects of reverberation only. Since the reverberation tail is seldom heard,
and EDT is recognized to be the measure that better describe the perceived reverberation, often referred to
as the running reverberation, it is suggested that EDT should replace T as the reverberation time criterion.

Keywords: Music room acoustics, Sound Strength, Reverberation time, Reverberance, Early Decay Time,
Room Volume, Sub-volume

1 Introduction

In the music performance room standard NS 8178 [1] and the rehearsal room standard NS-ISO 23591 [2], Sound Strength
(G) is assumed to be an important parameter which is controlled by setting requirements for favourable combinations of
room volumes (¥) and reverberation times (7). However, room volumes are sometimes ambiguous. In many performance
spaces, performers and audience are located and restricted to a subdivision of the total volume inside the room's enclosure.
This is often the case when converting existing buildings from their original purpose to be used as performance spaces.



Typically, a non-linear decay is observed. In such rooms, the calculated or measured G and 7 may differ considerably
from those calculated or measured in a simpler geometry where performers and audience employ the full floor surface,
with four walls and ceiling defining an un-ambiguous volume. While G and T are measures that directly corresponds to
perceivable aspects, even in a blindfold test, volume is in general not so. In this paper, a definition of virtual volume V'’
is introduced.

2 The music room standards NS 8178 and ISO 23591

NS 8178 vas first issued in 2014 as a national Norwegian standard, with acoustical criteria for 6 categories of music
purposes of rooms. It divided music into the three types Amplified music, Loud un-amplified music, and Soft un-amplified
music. For each of these three, there were different criteria for rehearsal and performance, hence the number of categories,
2x3 =6.

Due to the international demand for such a standard, ISO engaged in preparing an ISO-standard for music rehearsal rooms,
eventually the ISO 23591 issued in 2021. Since performance rooms were outside the scope of the ISO-standard, the
Norwegian standard was re-issued in a revised version 2023, for performance rooms only. This means that the initial 6
categories are now covered partly by the ISO standard for music rehearsal and practice, and by the NS standard for music
performance.

However, the criteria for combinations of reverberation time (7) and room volume (¥), hereafter referred to as the T-V
criteria, in the NS standard for performance rooms are equal to those in ISO given for recital rooms when used for
rehearsals.

3  Sound Strength, G

Though reverberation times have been, and still are, important in music rooms, acousticians acknowledge the importance
of controlling the G parameter, i.e. Sound Strength, or Room Gain, for several reasons. It is even fair to say that the
smaller the music room is, the more important is G. Most musicians are bound to rehearse and practice in room that are
much smaller than the performance rooms where the eventually will play, and it is for physical reasons impossible to
have the same combination of 7' and G in a practice or rehearsal room as in the performance room. Though the priority
between the two are debated among acousticians, most will agree that a desired 7=2.0 s, like in a concert hall, would be
way too loud (too high G) in a rehearsal room.

For example, according to Annex A of ISO 23591, a musical instrument in a 3.5 m high ensemble room with 28m? floor,
for 4 musicians, with 7=1.2 s, would have G=25dB, meaning that the reverberant sound from an instrument would be 20
dB louder than on a concert hall stage.

G is in general distance related level in dB, being 10 times the logarithm of the sum of energies from direct sound and
reverberant sound from a source, measured or calculated for a specific combination of source and receiver positions, with
0dB being the level at 10 meter distance from an omni-directional source of the same power, in an-echoic conditions.

The direct sound component is
Gairece(d) =20 — 20 - log(d) 1)

Direct sound is important for listeners as well as for mutual hearing among musicians. However, when characterizing the
acoustic of various rooms, the reverberant sound is the objective, thus direct sound is often excluded, and the metric is
then denoted G, or G,. Throughout this paper, like in ISO 23591, the reverberant Sound Strength will be denoted G.
According to Barron Revised Theory (BRT) [3], the Sound Strength of reverberant sound in Sabine-like rooms, i.e. with
diffuse conditions, even energy density distribution, linear level decay, etc., can be calculated theoretically from 7, V" and
source-receiver distance d, by

Grev(d) = 10-log (31200 -7) +0.176 -5 @

Reverberant sound strength near the source, at distance d~0, is assumed to be relevant for musicians during practice,
rehearsal and performance.

Grev(0) = 10 log (31200 7) 3)

At other distances, the second term, 0.176-d/T, can be considered a correction term added to the basic close-to-source
value,



Grev(d) = Grey(0) + 0176 -5 “

An important implication of G is that it is directly linked to the reverberant radius of the room, i.e. the critical distance,
d., from an omni-directional source, where direct sound level is equal to reverberant sound level, inside which a co-
musician, a conductor, a music teacher, or other listeners close to the performers, direct sound dominates over reverberant
sound.

In all rooms within the scope of the music room standards, G.,(0) — Grev(d.) < 0.1, so for practical purposes, the correction
term in (4) can be ignored.

Per definition, the equality of direct and reverberant sound strengths at d = d., then using the equality from (1)
Grev(dc) = Gairece(de) =20 — 20+ log(d,) (5
Rearranging (5), applying the definition of the /og function, and the approximation Ge,(0) =Gen(d.;) we arrive at
—G(0)rev /
20

d.,=10-10 (6)
Below, throughout this paper, where otherwise not noted, we define G = G,.,(0), and simplify (6) to
d, =10-1076/20 (7

Critical distance increase as G decreases, and the other way around.

By measuring the sound levels at many different distances from an omni-directional source, plotting the results in a
level-distance diagram, d. can with some statistical uncertainty be determined as the transition between inverse square
law closer to the source and the shallower dB per meter slope farther from the source. At d., it is expected that the level
is 3dB above a linear trend of the shallower slope. Then, from (5) it follows,

G =20-20-log(d,) 3

Further, by solving (2) for volume V, an expression for the apparent volume, i.e. virtual or perceived volume, the
volume that in a diffuse field would be associated with a pair of 7 and G values in a point, is

V'(T,G) = 31200 - T - 1076/10 o

Note that the theory above assumes diffuse conditions where Sabine and Barron’s formulas apply, including a diffuse
sound field with spatially uniform energy density at any instant of a linear (dB-time) decay.

4 G criteria equivalent to the 7-V combinations in ISO 23591 and NS 8178

In the music standards ISO 23591 and NS 8178, criteria for sound strength are not given directly, but they are given
indirectly by the G-values that theoretically would result from the 7-} combinations complying with the criteria in the
standards, Figure 1. This can be assumed to work well, given two critical assumptions

a) A quantifiable (in m®), unambiguous single volume without coupled sub-volumes
b) Diffuse conditions, as described above (Sabine-like rooms)

Rooms designed for music are often cuboids with simple geometry that satisfy condition a) above. However, not
seldom, spaces designed for other purposes, where conditions a) are not satisfied, are considered for music use, e.g.
rehearsals or performances by groups and ensembles that require large stage area and/or large seating area and big room
heights. In consultancy practice, this author has encountered several such cases, and they have been a major motivation
for developing solution presented in this paper. One of those cases is discussed in the chapter below, illustrated in
Figure 2.

In music rooms, especially performance rooms and ensemble rehearsal rooms, conditions b) or often not satisfied due to
sound absorption from upholstered chairs, listeners and common softgoods around the performance stage, seating rakes
or varying ceiling heights or balcony overhangs above the listener area. Apart from causing the temporal decay to be
non-linear in dB over time, the attenuation may be non-linear in dB over distance, as opposed to the linear trend
predicted by the second term in (4).

Figure 2 is therefore a case where neither conditions a) or b) are satisfied. Such rooms are often dubbed non-Sabine
rooms.



5 Assessment of measured or simulated G - values

Room acoustic simulation tools, like Odeon, CATT, Treble, and other, are designed to predict G-values regardless of if
a) and b) are valid assumptions or not.

For the assessment of such simulated G-values, and for the assessment of measured values in existing rooms, Figure 3
presents the theoretical values of G corresponding to the 7-7 combinations in the music room standards, Figure 1, and
suggest using these as G-criteria.
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Figure 1 T-V criteria in ISO 23591:2021, combination ranges of Tm and V that comply with the two music room
standards ISO 23591 and NS 8178:2023, where 1, 2 and 3 are apply to rehearsal rooms for soft, loud and reinforced
music respectively, and 4,5 and 6 apply to performance rooms for soft, loud and reinforced music respectively.
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Figure 2 One-to-one mapping of T-G combinations from the T-V combinations in Figure 1. The figures 5, 10,...,100,
are the number of musicians allowed by the volume per musician requirements in ISO 23591.

6 Case: A non-Sabine performance space

An example of a non-Sabine performance space is illustrated in Figure 2, a former small shopping mall with an atrium
in the middle, surrounded by mezzanines and a complex of various coupled volumes to the sides as well as under the
roof, converted into a music and performing art school and activity centre for young people. Stage and raked seating
were placed in the central volume.

Figure 3 A performnce space surrounded by various coupled volumes. Left: Before the conversion; Right: Inside the Odeon model



[ 7 ] ] 0 11 12 13 14 15 16 17 [ 7 g 9 0 11 12 13 14 15 16 17
Gr [dB] Gr [dB]

Figure 4 Simulated T-G combinations plotted as a cluster of circles on the criteria map, for source-receiver distances 5-
12 m. T30-G to the left and EDT-G to the right. See text.

In Figure 4, simulated 7-G combinations are plotted as a cluster of circles on the criteria map, for source-receiver distances
5-12 m. T30-G to the left and EDT-G to the right. The spread is due to the non-Sabine nature of the space, in particular
the 4 dB span in and the 0.7-1.1 s spread in EDT.

The T30-G cluster fits nicely into the Reinforced Music Performance range, while EDT-G not so.

Ideally, in this kind of assessment, EDT is preferrable over 730, since EDT is assumed to describe Reverberance, i.c.
perceived reverberation, thus the relevant parameter whenever dealing with listener aspects. In this case, to have all the
EDT-G points inside the Reinforced Music Performance range, the obvious solution seems to be to reduce sound
absorption. However, the dominating sound absorbers are the softgoods around stage and the absorption of the seats and
audience, thus difficult to avoid. This might be a dilemma that needs to be addressed in further work.

Cumulative distributions and statistics of 730 and G, are presented in Figure 5.

From simulations d. = 2.0 m, and close to the source, G=14dB, in accordance with theory, expressions (5) through (8).
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Figure 5 Cumulative distributions from simulations of the current case, G to the right and T30 to the left.



7  Virtual volume V’

Virtual volume, apparent or perceived volume, V7, can be calculated from (9). The interpreted definition of /" in a point
in an arbitrary room, is:

The volume of a Sabine-like room, i.e. a room satisfying the conditions a) and b) in Section 4, that would have a T-G
pair equal to that measured or simulated in the point.

A psycho-acoustical interpretation of /" would be the volume that a blind-folded person would associate with a Sabine-
like room with the actual 7-G pair.

In the case above, simulated virtual volume is illustrated by the cumulative distribution and statistics in Figure 6. An
imagined cuboid containing the stage and seating has a base area of 182m’ and a height of 7.5 m, thus a volume of 1360
cubic meters. Maybe a coincidence, still curiously, this is volume where the curve in Figure 6 breaks.
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Figure 6 Cumulative distribution of virtual volume, i.e. apparent or perceived volume, simulated in the case above,
ranging from 1000 to 4500 cubic meters (note: the unit on the x-axis is 1000).

8 Conclusion, final discussion and further work

The suggested 7-G criteria seem to be useful wherever measurement or simulation data are available. In rooms with
ambiguous volume or non-Sabine conditions, Sound Strength cannot be controlled by the 7-V criteria as intended in the
music standards, and in those cases the 7-G criteria appears to be the obvious option.

With the loudness directly accounted for by G, and no longer by the 7-7 combination, 7 can be reserved for describing
purely temporal aspects of reverberation only. Since the reverberation tail is seldom heard, and EDT is recognized to be
the measure that better describe the perceived reverberation, often referred to as the running reverberation, it is
suggested that EDT should replace T as the reverberation time criterion.

To provide relevant data for future development and revisions of the music room standards it is suggested to plot and
report measured and simulated EDT-G pairs onto the criteria map in Figure 2, as demonstrated to the right in Figure 4,
and share them with the acoustical society.



Non-Sabine spaces naturally exhibit a rather wide range of values over the distance range of the listener area, that might
pose a challenge to the ranges of the current music room criteria, and this will be pursued in further work.
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