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RIASSUNTO
Il contributo presenta alcuni interventi di correzione acustica realizzati in differenti tipologie
di locali a Bologna, città di eccellenza per la tradizione culinaria e città della musica UNESCO.
All’interno di questo contesto, il consulente acustico ha l’opportunità di proporre interventi con
obiettivi di qualità estesa, oltre al tema del comfort acustico, anche a quello esteticoarchitettonico. L’utilizzo di strumenti semplici e di facile comprensione, come ad esempio le
immagini render di progetto e la teoria dell’Acoustical Capacity, insieme alla progettazione su
misura, si sono rivelati aspetti chiave per determinare la fattibilità degli interventi di correzione
acustica.
ABSTRACT
This technical paper reports some cases of acoustic treatment of different types of places for
social gatherings in Bologna, city of excellence for its culinary tradition and UNESCO city of
music. In this context, the acoustic consultant has the opportunity to propose interventions with
the aim of improving quality, not only in terms of acoustic comfort, but also to include the
aesthetic-architectural design. The employment of simple and user-friendly tools, such as project
renders and the theory of Acoustical Capacity, together with tailor-made design, proved to be a
key factor in determining the feasibility of the interventions of acoustic renovation.
Parole chiave: Small Rooms; Progettazione Acustica; Acoustical Capacity.
Keywords: Small Rooms; Acoustic Design; Acoustical Capacity.
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1. Introduction
In 2006 Bologna was declared UNESCO Creative City of Music, a prestigious award
that celebrates its rich musical tradition and its current lively scenery. Bologna is also the
Italy’s food capital, with a restaurant or bar every 37 people in the city, and the Bolognese
culinary tradition is famous worldwide.
The aim and responsibilities of the acoustic consultants are in line with the needs of
this scenario; indeed, in aesthetic and functional refurbishments within restaurants and
music clubs the key role played by acoustic comfort frequently is not taken into account,
ignoring the quality of the experience, whether culinary or musical. The interventions
intended to improve the acoustic comfort can be simple and little invasive from the
aesthetic, structural and economic points of view. Those interventions aim to increase the
rooms potentialities and to reduce the global noise produced, bringing benefits both to the
owners and to the community.
This contribution reports some cases of acoustic treatment of different types of public
spaces in Bologna:
- a private club realized for live music (case study A) where, for the acoustic
correction, custom absorption grating diffusers have been made, designed and
installed in accordance with a University of Salford research [1];
- some eating establishments (case studies B) for which the quality of verbal
communication was assessed in terms of Acoustical Capacity in accordance with
Rindel’s work [2].
In planning these projects, we sought to move beyond purely technical aspects, giving
importance also to aesthetic aspects and proposing options that would increase the range
of opportunities for use and improve the usability of the spaces.
2. Acoustical quality in small clubs
In addition to the main institutions such as the Teatro Comunale, UNESCO has
recognized the wide-ranging creative scene that Bologna offers in terms of music
production and fruition like Jazz music, song-writing and emergent music, often played
in small clubs managed by cultural associations. In small clubs the acoustic problems we
face are very different from those we can find in larger venues like theatres and
auditoriums because the sound field in non-Sabinian spaces is dominated by room modes
whose density rises in an inversely proportional way to room size. Therefore, a
fundamental objective is the low frequencies control that could be achieved using a large
amount of surface treatment with specific low frequency absorbers able to obtain a bright
acoustic response.
The quality of the sound at the listening position depends largely on the interaction
between the sound sources, like loudspeakers or musicians, and the room. When the direct
sound is added to an early reflection, the ear is unable to distinguish the reflection as a
separate sound. This psychoacoustic effect compromises the sound definition causing
what is called “comb filtering”.
2.1 Case study A
The first project regards a private club where the acoustic treatment of the live music
room recalls to a 70s recording studio.
The management of the club is focused on quality in the broad sense, from the cultural
offerings to the products served in the bar, and to ensure that members enjoy an intimate
and comfortable environment, paying particular attention to lighting, acoustic comfort
and furnishings.
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The space dedicated to live music, featuring the acoustic problems typical of small
rooms, was treated with technical solutions usually applied to recording studios.

Figure 1 - Caso studio A: sala per musica dal vivo - Case study A: live music room.
2.2 Absorption Grating Diffusers
The acoustic treatment regards specific design of acoustic devices called absorption
grating diffusers [1].
Drawing on Jamie Angus and Trevor Cox’s studies [1], we designed acoustic elements,
composed of wooden frames, rockwool and acoustic transparent fabric. On the panel
surfaces we installed wooden reflective slats following binary pseudorandom sequences,
which consisted of about 50% absorbing and 50% reflective elements. The acoustic
elements were then installed at a distance of 10 cm to 35 cm from the walls behind, in
order to extend the efficacy to a medium-low frequency range.

Figure 2 - Absorption grating diffusers progettati - Absorption grating diffusers designed.
The measurement test was made at the laboratories of the University of Bologna
Industrial Engineering Department, on a sample device of 10 m2 and at a distance of 15
cm from the floor. Laboratory measurements were made in accordance with ISO 354 [3],
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reference technical standard for the determination of the experimental absorption
coefficient. For the measurements, two configurations were considered: a first one with
free edges and a second one with edges closed by a wood plank of 15 cm. The second
configuration simulates correctly the real application of this case study for wall mounting.
The results of the measurements are shown in figure 3.
The 50% absorbing and 50% reflective surface ratio of the absorption grating
diffusers is clearly shown in the graph of the absorption coefficient (covered edges)
which, when increasing the frequency, tends to the value of 0.4.

Figure 3 - Valori di αs per entrambe le configurazioni, misurati in accordo con la
norma ISO 354 - Values of αs for both configurations, measured according
to ISO 354.
2.3 Discussion
The graph in figure 4 shows the results of the acoustic measurements ante and post
operam that have been made in accordance with ISO 3382-2 [4] in an unoccupied
condition. The measurement conditions ante and post operam were identical.
The installation of absorption grating diffusers in a large amount of treated surface,
placed far enough from the back wall, has allowed to obtain a good control at low
frequency and a bright acoustic response thanks to the 50% absorbing and 50% reflective
surface ratio. Furthermore, thanks to the diffusive properties of the sound-treatment units,
there is a noticeably good spatial localisation of the sound sources and a feeling of being
in an acoustically larger environment.
Thanks to interventions and to the measures to reduce background noise, we were
able to extend the live music room’s range of possible uses, such as training activities and
recording live performances.
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Figure 4 - I valori di T30 mediati sulle due posizioni delle sorgenti. Misure ante e
post operam secondo la ISO 3382 - The values of T30 averaged over both
source positions and measured ante and post operam according to ISO
3382 [4, 5].

Figure 5 - Trattamento acustico realizzato nella sala per musica dal vivo (case study
A) - Acoustic treatment design in the live music room (case study A).

Figure 6 - Relazione tra volume per persona e RTun per differenti livelli di qualità
della comunicazione verbale – Relation between the volume required per
person and RTun for a certain quality of verbal communication [6].
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3. Quality of verbal communication in eating establishment
Significance of quality acoustics in eating establishments is often underestimated in
the overall evaluation of a dining experience. Despite being one key aspect to ensuring
that customers are able to fully enjoy the culinary experience, the quality of the acoustic
response is not often considered in functional and aesthetic renovation designs of eating
establishments. The acoustics design of these venues is not simple. In fact, this field
involves individual and dynamic sound sources which are difficult to handle, such as the
speech level of many customers talking at the same time.
In the case of restaurants, there are other acoustic aspects to take into account other
than the reverberation time, like speech intelligibility and privacy for the verbal
communication. The goal of the acoustic quality design is the achievement of a balance
between these various aspects.
Rindel’s work on the quality of verbal communication in an eating establishment [2,6]
offers a simple prediction model appropriate to the preliminary assessment of minimum
conditions to obtain a “sufficient” quality of verbal communication.
3.1 Acoustical Capacity
Many people speaking in a room can create an increasing sound level, because the
ambient noise coming from the other people speaking means that everyone raises their
voice, which again leads to a higher ambient noise level. This effect is called the Lombard
effect. For this reason, in restaurants there is often a nuisance reverberant environment
and this is a well-known acoustical problem. Directly connected to the Lombard effect
there is the vocal effort, characterised by the equivalent A-weighted sound pressure level
of the direct sound in front of the speakers at a distance of 1 m from the mouth. Normal
vocal effort corresponds to a sound pressure level around 60 dB [6].
In eating establishments, the background noise has a dual role: on one hand, it impacts
negatively on the speech intelligibility between people communicating with one another;
on the other it masks the conversation of customers on at nearby tables, guaranteeing the
privacy. Lazarus [7] found that the Lombard effect slope could vary in the range c= 0.50.7 dB/dB. Assuming a simple linear relationship for ambient noise levels above 45 dB
the speech level can be expressed in the equation [2]:
= 55 +

, ,

(1)

,

− 45

[dB]

for the A-weighted ambient noise level , > 45dB.
Rindel’s work [2,6] resulted in guidelines for sufficient acoustical conditions in eating
establishments expressed in terms of Acoustical Capacity. The Acoustical Capacity is
considered as a promising predictor for the verbal communication quality in eating
establishments. The term of Acoustical Capacity is defined as the maximum number of
people allowed in the room for sufficient quality of verbal communication or as the
number of people that would create a signal-to-noise ratio of -3 dB, which is considered
the lower limit [6].
In order to estimate the sound pressure level from noise sources in a room, the simple
assumption is diffuse sound field [2]. If there are
noise sources active at the same time
and , power level, the average sound pressure level in the room, i.e. the ambient noise
from
speaking persons, is calculated by:
(2)
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where A is the equivalent absorption area (m2) of the room. This equation may be
sufficiently accurate in rooms with a high ceiling [2].
Furthermore, the Sabine equation for a diffuse sound field gives the following
estimate of the equivalent absorption area including the contribution from N persons [2]:
= 0.16

(3)
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Therefore, the prediction model suggested by Rindel’s work to estimate the noise level
in eating establishments can be expressed in the equation [2]:
(4)
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where c is the Lombard effect slope, N is the number of persons, Ns is the number of
speaking persons, g= N/Ns is the group size, V is the volume (m3), T0 is the reverberation
time in unoccupied state and Ap is the sound absorption per person (m2).
Concerning the efficiency of acoustic treatment of a room, the ambient noise level due
to Ns speaking persons is estimated from equation (4) with the insertion of the suggest
Lombard slope c=0.5 dB/dB [2, 6]:
,

(5)

= 93 − 20 log

[dB]

Thus, an increase of the absorption area per speaking person by a factor of 2 leads to a
reduction of the ambient noise level due to speech by 6 dB [2].
For the evaluation of acoustic quality of eating establishments, it is suggested to
consider the quality of verbal communication which can be related to the signal-to-noise
ratio suggest by Lazzarus [7]. By the use of equations (4) and (5) the signal-to-noise ratio
SNR can be expressed in terms of absorption area per speaking persons [2]:
(6)
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Thus, SNR between 3 dB and 9 dB is characterized as “good” quality of verbal
communication (Fig. 6). As suggest by Rindel’s work the minimum absorption area per
person should be 4 m2 for “sufficient” acoustical quality [6].
In accordance with simplified theoretical model, the number of persons in the room
should be limited to [6]:
(7)

01

≅ 34!

[-]

where V is the volume of the room (m3) and T (s) is the reverberation time in unoccupied
state at mid frequencies (500-1000 Hz).
01 is the suggested Acoustical Capacity for
an eating establishment, as show in figure 7 [6]. This prediction model should not be
applied to small rooms with a capacity less than 50 person.
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Figure 7 - Livello nel rumore ambientale e qualità della comunicazione verbale in
funzione del numero di persone relativo all’Acoustical Capacity - Ambient
noise level and quality of verbal communication as functions of the
number of people relative to the Acoustical Capacity [6].

Figure 8 - Caso studio B1: ristorante prima dell’intervento, render dell’intervento e
dopo l’intervento di correzione acustica con dettaglio - Case study B1:
eating establishment ante acoustic treatment, render of acoustic treatment
and post acoustic treatment with detail.
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3.2 Case studies B
The following pages present several ad-hoc interventions of acoustic correction
designed and implemented with the support of skilled interior design artisans. In planning
these projects, we sought to move beyond purely technical aspects, granting importance
to aesthetic aspects as well and proposing options that would augment the range of use
opportunities and improve the usability of the spaces.
The following table presents the comparison between the results of reverberation time
measurements at mid frequencies ante and post operam and the values of optimal
reverberation time predicted according to UNI 11367 - Annex C [8] refer to spaces
allocated to speaking. The values of reverberation time predicted according to the
standard [8] are determined with the following formula:
56#7 = 0.32 log 8 + 0.03

(7)

[s]

Table 1 – Risultati delle misure del tempo di riverberazione ante e post operam e
valori previsionali in conformità alla UNI 11367 [8] – Results of
reverberation time measurements ante and post operam and predicted values
according to UNI 11367 [8].
Name
venue

Typology

B1
B2
B2

Restaurant
Restaurant
Bar Pub

S

H

V

(m2)

(m)

(m3)

n. of
seats

140
200
69

7.30
2.90
3.85

1447
5.80
355

55
80
42

ATREAT
(m2)
55
67
35

Tunocc
Ante op. Post op.
(s)
(s)
2.33
0.99
1.40
0.77
1.56
0.90

TOPT
UNI
(s)
1.04
0.91
0.85

Although we achieved the target suggested by the UNI standard [8] in all cases, some
restaurateurs nonetheless complained about problems of excessive noise in the evenings
when the restaurant was especially full. Then this aspect was investigated using another
tool for assessing the quality of verbal communication in this kind of venues. The
following table, derived from table 1, also includes the Acoustical Capacity values and
ratio between Acoustical Capacity and number of seats.
Table 2 - Valori calcolati di Acoustical Capacity e rapporto fra questi valori e numero
di sedute - Acoustical Capacity values calculated and ratio between
Acoustical Capacity and number of seats.
Name
venue
B1
B2
B2

H
Tipology
Restaurant
Restaurant
Bar Pub
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V

(m)

(m3)

n. of
seats

7.30
2.90
3.85

1447
5.80
355

55
80
42

ATREAT
(m2)
55
67
35

T
Post op.
(s)
0.99
0.77
0.90

AC
(-)
73
32
20

Rindel research
RATIO
(AC/n.seats)
0.75
2.52
2.13

Lorenzo Rattini e Francesca Di Nocco
Indagine su alcuni lavori di progettazione acustica realizzati a Bologna
A survey of some acoustic design works in Bologna

3.3 Discussion
The eating establishment in figure 8 (case study B1) is the only case in which the ratio
(AC/n. seats) we achieved is lower than 1, in the other cases the number of seats is at least
twice the Acoustical Capacity (Tab. 2). The building structure offered more available
ceiling height, so it was possible to install mounted sound-absorbing panels such as
baffles and therefore guarantee a larger absorbent surface with the same material
compared to other sites, where it was only possible to work in adherence to the ceiling.
In common practice, the amount of absorption area required for good acoustical
quality is very difficult to achieve, especially in a room with a low ceiling and a dense
layout of tables and chairs. In fact, in the other cases, like the case study B2 (Fig. 9) and
the case study B3 (Fig. 10), the maximum number of seats are not in line with Rindel’s
research.

Figure 9 - Caso studio B2: ristorante prima dell’intervento, render dell’intervento e
dopo l’intervento di correzione acustica con dettaglio - Case study B2:
eating establishment ante acoustic treatment, render of acoustic treatment
and post acoustic treatment with detail.
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Figure 10 - Caso studio B3: pub prima dell’intervento, render dell’intervento e dopo
l’intervento di correzione acustica con dettaglio - Case study B3: pub ante
acoustic treatment, render of acoustic treatment and post acoustic
treatment with detail.

Conclusions
In this technical note, some acoustic correction interventions have been carried out in
venues where the importance of acoustic comfort is often not considered in the overall
evaluation of the proposed musical or eno-gastronomic experience.
The acoustic design process has been tackled trying to harmonize the technical and
aesthetic aspects in order to amplify the potential of the spaces and to reduce the overall
noise produced, bringing benefits to both the owners and the community.
In the first case study, a room dedicated to live music was treated with technical
solutions usually applied to professional recording studios; in the acoustic renovation of
restaurants, Rindel's theory of Acoustical Capacity proved to be a simple, more complete
and effective tool, than the reverberation time analysis, to preliminarily evaluate the
acoustic comfort of the venues.
In a city like Bologna, internationally known for its rich musical tradition and for the
quality of its food, the acoustic consultant has the opportunity to propose acoustic
correction interventions aimed at preserving and enhancing these qualities.
The use of simple and easy-to-understand tools, such as project rendering images and
the theory of the Acoustic Capacity, together with the tailor-made design, proved to be
key aspects in determining the feasibility of acoustic correction interventions.
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