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Abstract. The characteristics of a performing arts space have a great
influence on the experience that both artists and audiences have during a
show. Therefore, it is of great importance to understand the sound field
behaviour, the lighting, and the thermo-hygrometry of the ambient
conditions existing inside this cultural heritage. The aim of this paper is the
presentation of a complete assessment in relation to the comfort of an
Opera theatre on its whole. As such, it has been undertaken a study in
relation to the acoustic listening situations other than to the parameters
related to the light level and temperature comfort of the Valli Theatre of
Reggio Emilia. The acoustic characterization has been undertaken in line
with the ISO 3382 standard measurements procedure by capturing the
room impulse response (RIR), while the light intensity has been studied by
using the lux meter. In addition, the thermo-hygrometer has been used to
photograph the comfort related to temperature and relative humidity inside
the main hall.

1 Introduction

The attention of the researchers to the cultural heritage should be of paramount
importance if the intention of the study is to highlight its value and importance, to be
protected for the new generations. Previous studies on the Valli theatre of Reggio Emilia
have already been undertaken by scholars, mainly focusing on one of the many aspects
related to environmental comfort. This paper deals with the data representation by covering
the entire comfort of an Opera theatre, a place that for the complexity and variety of the
artistic shows should be intensely investigated.

Several measurements have been undertaken inside the Valli theatre, in particular by
detecting the acoustics, the lighting, and the thermo-hygrometric conditions of the main
hall. The availability of different equipment allowed the authors to be assessing different
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aspects of the ambient and therefore to call attention to a few background features that
require to be optimized. The outcomes herein introduced are intended to embed the whole
comfort of such a historical building.

2 Research Background

Several previous investigations [1-20] occurred in the last decades are found to be
mainly focused on the room response to the sound waves inside the theatre, hence, only on
the acoustic aspect.

In particular, some studies regard the acoustic integrity of several theatres, including the
Valli theatre to be preserved for the occasion of restoration works occurred in the second
half of the 20™ century. In this case, acoustic measurements were undertaken before and
after the refurbishment works with relative benefits and detriments.

Other research studies took place in other spaces, including the Valli theatre, and regard
the acoustic measurements that came through innovative equipment, with relative
discussions on monoaural and binaural acoustic parameters [21-24].

3 Historical Background

During the night between 21* and 22" of April 1851, a fire destroyed the Cittadella
theatre, a building born in 1741 in the area where the Ariosto theatre stands actually. When
such architecture dedicated to the artistic performance became lost, the citizens organized
themselves in finding an alternative structure where the shows could continue, but none of
the existing buildings was suitable for that purpose [25-30]. As such, Mayor Ghirardini
wrote a letter to the Municipal Council asking about the reconstruction of the fired building
to be undertaken as a priority. The architect chosen to design the project of a new theatre
was Cesare Costa, who suggested an alternative place where the new theatre should be
erected because the reconstruction of the old one would be expensive, not in line with the
safety regulations and uncomfortable for the narrow volume [31-36].

The works started in 1852 but the necessity of more funding brought to the idea of
selling the boxes, that had been bought by aristocrats and nobles, other than professionals
belonging to the middle class [4]. Many of the buildings adjacent to the project site were
demolished in order to obtain materials useful for the erection of the new construction [37-
40].

For this theatre, the lighting system supplied by gas (not composed of candles, instead)
was considered an innovation for that time [1-2].

The architectonic decorations of the audience area and the proscenium arch were
realized by Girolamo Magnani, who had a similar experience in the Regio Theatre of
Parma. The theatre opened officially in 1857 and was called Comunicativo [2-3]. The
management of the artists and the shows was taken by private companies until 1957 when
the City Council decided to acquire all the cultural activity of the town. Ballets and operas
were alternatively promoted by the new administration and accepted by the citizens [2].

For the occasion of the death of a popular actor, the City Council decided to dedicate
the theatre to Romolo Valli, which has been the official name of the theatre since 1980 [3].

4 Architectural Organization

The Valli theatre has a total capacity of 1122 seats distributed as 414 in the stalls and
520 on the elevated boxes. The stalls are separated by perpendicular corridors running
along the main axes and coronated by four orders of balconies, surmounted by a gallery
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having a capacity of further 180 seats occasionally occupied. The royal box is located at the
centre of the second and third order. The ceiling of the main hall is composed of eight
medallions painted by Domenico Pellizzi, which represent the glory of the Italian theatre
(e.g. melodrama, tragedy, comedy, etc.) [4]. Fig. 1 shows the interior design of the main
hall.

Fig. 1. View of the main hall of the Valli theatre of Reggio Emilia

Flourishing decorations are installed all around the main hall; in particular, there is a
chandelier composed of 72 crystals, being 3.75 m high and having a diameter of 3.05 m.

The stage has dimensions of 20.5 x 31.2 m [L x W] and the proscenium arch 14 m large
and 22.5 m high. The wooden planks of the stage are inclined of 5%, against the 2% of the
stalls floor. The orchestra pit is 2.09 m high and 5.9 m deep, with 2.07 m of its depth
located below the stage floor, as shown in Fig. 2.

=

Fig. 2. Transversal section of the orchestra pit of the Valli theatre.

The Valli theatre has a horseshoe shape plan layout, as visible in Fig. 3, where the
geometry of the performance space and the audience area is herein indicated.
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Fig. 3. Plan layout of the Valli theatre of Reggio Emilia
Table 1 summarizes the architectural features of the Valli theatre.

Table 1. Architectural characteristics of the Valli theatre of Reggio Emilia

Description Features
Type of plan layout Horseshoe box
Total volume (m?) 31480
Total capacity (no. of seats) 1122
Stage dimension (m) [L x W] 20.5x31.2
Inclination of stage floor (%) 5%
Inclination of stalls area (%) 2%

5 Measurements

5.1 Acoustic survey

An acoustic survey was undertaken inside the theatre to understand the behaviour of the
existing volume under acoustic perspective through the objective parameters obtained in
line with the standard requirements outlined in ISO 3382-1 [40-43]. The acoustic survey
was carried out with the following equipment:

- Equalised omnidirectional loudspeaker (Look Line);
- Microphones:
o Binaural dummy head (Neumann KU-100);
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o B-Format (Sennheiser Ambeo);
o Omnidirectional microphone (Bruel&Kjaer).

The sound source was placed at 1.4 m from the finished floor, while the receivers were
installed at the height of 1.2 m on stalls and boxes. The excitation signal emitted by the
sound source was the Exponential Sine Sweep (ESS) [40-44] having a duration of 15 sina
uniform sound pressure level for the range between 40 Hz and 20 kHz. Fig. 4 shows the
measurement positions of sound source and receivers across the sitting areas.

Fig. 4. Scheme of the acoustic equipment location during the measurements in the Valli theatre of
Reggio Emilia.

The measurements were undertaken in unoccupied conditions and without any scenery
nor acoustic chamber mounted. It would be worthy if measurements with the audience
could take place but given the Covid-19 restrictions still ongoing at different levels it was
not possible to arrange a survey with the presence of spectators. The sound absorption data
with the presence of an audience differs from empty seats [40-46] and hence would give a
more accurate estimation of reverberation times as a function of frequency [45-47].

5.2 Lighting

On the same occasion, a lighting survey was undertaken inside the theatre to assess the
light level applied to this volume in line with the standard requirements stated by EN12464-
1 [48]. The lighting survey was carried out with the following equipment:

- Lux meter (Hanna HI-97500).
All the characteristics of the lux meter are summarised in Table 2.

Table 2. Technical characteristics of the Lux meter (Hanna HI-97500).

Feature Values

Scale klux 0.01 —-19.99
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Feature Values
Resolution klux 0.01
Precision By reading +6%

The equipment has been installed at 1.4 m from the finished floor in different positions
across the stalls area. All the lights of the main hall were on at the time of measurements.
Fig. 5 shows the position of the lux meter and the thermo-hygrometric meter.

Palcoscenico

a3

ilad

- e 32

Fia
Fila

Fila
Fil

f

¥
4

Fig. 5. Scheme of the lighting and thermo-hygrometric equipment location during the
measurements in the Valli theatre of Reggio Emilia.

5.3 Temperature Measurements

The thermo-hygrometric conditions of the Valli theatre of Reggio Emilia have been
measured in accordance with the ISO 13370 [50]. The equipment employed was the
following:

- Thermo Hygrometric meter (Hanna HI-93640).

The calibration of the equipment has been undertaken at 20°C and 60%; all the
characteristics of the thermo-hygrometric meter are summarised in Table 3.

Table 3. Technical characteristics of the Thermo Hygrometric meter (Hanna HI-93640).

Feature Values

Scale RH. 5.0-95.0%
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Feature Values

°C 0.0 -60.0

°F 32.0 - 140.0

RH. 0.1%
Resolution °C 0.1
°F 1
RH. +5%
Precision °C +04
°F +1

The equipment has been installed at 1.4 m from the finished floor in different positions
across the stalls area. The measurements were undertaken on the 3™ of May inside the main
hall, with the mechanical ventilation system switched off [6, 37, 39].

6 Results

6.1 Acoustic Outcomes

Several acoustic parameters defined in the international standards ISO 3382-1, such as
the early decay time (EDT), reverberation time (T,), clarity indexes (Csy, Cgo) and
definition (Dso) have been analysed. Fig. 6 to Fig. 9 show the comparison between the
values by performing the impulse response measurements inside the Valli theatre.
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Fig. 6. Measured results of Early Decay Time (EDT) and Reverberation Time (T,).

Fig. 6 shows the frequency response of the EDT and T,, parameters. If it is considered
that the optimal values of EDT range between 1.8 s and 2.6 s, as defined by Jordan and
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others [14-18], this target has not been achieved by the measured values related to the

selected bandwidth.
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Fig. 7. Optimal reverberation time values in function of room volume

In terms of reverberation time (T,y) the averaged value of all the frequency bands results
within the target assigned to an Opera house of such volume size [11-13; 39, 40, 43], as
shown in Fig. 7, even though it is within the lower limit. This means that the Valli theatre
has a good response for both speech and music performance.
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Fig. 8. Measured results of clarity indexes (Cs, and Cg).

Following the research studies by Reichardt and others [11-13, 41], the optimal values
for speech clarity index (Csy) would be > 3 dB. In the Valli theatre, this parameter floats
between -2 and +2 dB at low and high-frequency bands, respectively, as shown in Fig. 8.
However, this shortfall slightly below the lowest range limit is not to be intended as a
negative result. In this case, the listening perception of speech finds a balance between the
sound energy arriving within the 50 ms and the reflections coming after 50 ms.

In terms of music (Cg), the optimal values should be comprised between -2 and +2 dB,
according to Jordan [40]. This target has been achieved only at 125 Hz, where the value is
equal to +2 dB, while the values related to the other frequency bands are up to 2 dB higher
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than this latest one. Translated in other words, this outcome means that the music would be
very clear, especially at high frequencies.
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Fig. 9. Measured results of Definition (Ds).

A good speech definition is achieved for values higher than 0.5 (i.e. 50%), while the
optimal values for music definition are lower than 0.5 (i.e. 50%) [40]. On this basis, the
results obtained in the Valli theatre, as shown in Fig. 9, are found to be around 0.5, meaning
that the listening conditions are suitable for both speech and music.

6.2 Lighting Results

The lighting data have been elaborated with the Surfer software, where the input data of
the lux scenario were necessary to create a coloured map as indicated in Fig. 10. The input
data consisted of the plan layout of the room, the coordinates of the points where the
measurements were undertaken, and the values obtained for each selected position [48].
The colour scale ranges between blue, indicating a low level of light, and clear/white
shades, indicating high levels of light.
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Fig. 10. Lighting levels maps obtained for the Valli theatre of Reggio Emilia
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The results shown in Fig. 10 are comprised of between 62 and 90 lux. These values are
found to be below the lower range limit indicated by EN12464-1 [48], which outlines a
lighting range between 150 lux and 250 lux for theatres and concert halls [48]. However,
based on experience on a similar room type, the lighting levels inside the Valli theatre are
found to be higher than any other historical Opera house [49].

This outcome should be considered in function of the candlelight approach, which aims
to reproduce the existing atmosphere when the theatre was just open [3-4].

Rather than focusing on the absolute values, the authors consider furthermore the
unbalance lighting conditions across the main hall. Fig. 10 shows a difference of 30 lux
between the back seats of the hall and the area in proximity of the stage. This lack of
uniformity is perceivable by the users, even if the theatre had both the main hall and stage
equipped with lights on [3, 4, 48].

n

Fig. 11. Lighting difference between the stage and the stalls area.

Fig. 11 shows the difference in terms of lighting between the stage and the sitting area.
The directionality of the light beams of the stage has been planned to do not glare at the
audience, but to be highlighting the actors moving onto the stage, only.

6.3 Hygrothermal Conditions

In accordance with the target set by regulations, the temperature range varies between
22°C and 24°C, which is within the optimal range [50]. The low values have been found in
two points of the stalls area, while the warmer zone is in the back of the hall, including the
main entrance. Fig. 12 shows the temperature variance across the stalls area having a colour
range comprised between orange shades, meaning a high temperature, and clear/white tint
that stands for low temperature.

10
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Fig. 12. Temperature variance inside the Valli theatre of Reggio Emilia.

Although related to 2°C, the lack of uniformity should not be existing inside a room
volume of such size. This outcome can create the effect of a slight discomfort of the users
by sitting for all the duration of the artistic performance [11-13, 21-24].

In terms of relative humidity, Fig. 13 indicates the values based on the colour scale,
going from blue (low relative humidity) and clear/white tinge.
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Fig. 13. Relative humidity variance inside the Valli theatre of Reggio Emilia.

Fig. 13 shows the values measured inside the Valli theatre. In particular, the range
varies between 38% and 44%, to be pretty steady across the sitting area and considerably
lower at the entrance. This zone distinction is created by the concentration of the relative
humidity in this corner of the hall.

Conclusions

Theatres and concert halls belong to a specific building type that sometimes is not
perfectly designed given the compromise between the historical characteristics of the
structure and the current needs as required by regulations. The intention of this paper is to

11
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highlight the strengths and the weaknesses of the perception that users and artists can be
impacted by spending several hours inside theatres. In particular, this paper deals with the
technical study of the Valli theatre of Reggio Emilia, which has been assessed under
acoustic, lighting, and thermal conditions. The outcomes of the results say that the overall
acoustic of the Valli theatre is suitable for both prose and musical shows, even if the music
performance could be clearer than what it should be, based on literature investigations.

In terms of lighting levels, all the values result below the lower range limit outlined by
the standard. Although many of the Opera theatres have similar results because of evoking
the candlelight experience as they were intentionally designed by the architects, the
difference of 30 lux between the first and the last rows of seats across the stalls is
significant. A more homogeneous spread of lighting conditions would be more
comfortable. However, the design of the stage lights, to be not affecting the audience, is the
right approach for performing arts space. Some considerations on the balance between the
two objectives could be revised.

The thermal hygrometry of the existing conditions inside the theatre is found to be
within the optimal values set by regulations. However, the difference of 2°C localized in
two points of the stalls areas could rise a slight discomfort of the listeners that are to be
assisting the live performance for more than one hour.

A better outcome has been found in relation to the relative humidity, which is more
uniform across the seats except for the entrance, where a concentration of low values
unbalances the even conditions. However, the measurements have been undertaken without
any mechanical ventilation in operation.

Future studies will be covering further acoustic tests with the presence of spectators, at
different percentages of occupancy, while in terms of thermo-hygrometry additional
surveys will be undertaken in different seasons of the year, in order to compare and
evaluate any changes between the outcomes of this paper and future results.
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