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Abstract 

The Bonci theatre in Cesena  was built in 1846, becoming 

a stable public construction after a period when theatrical 

shows used to be privately performed inside aristocratic 

palaces. The architectural design, to be composed of 5 

orders of balconies and the shape of the plan layout fol-

low, in reduced dimensions, the Alla Scala theatre in 

Milan. Acoustic measurements were taken across the 

stalls and inside some selected boxes according to 

BS3382-1. The main acoustic parameters gathered by the 

measured values were compared with the acoustic simu-

lations of a 3D model, which faithfully reproduces the 

Bonci theatre. The scope of this paper is the analysis of 

the acoustic behavior of the Bonci theatre, which can be 

used to calibrate a digital model before the executions of 

any acoustic simulations. This practice is fundamental for 

the accuracy of the results, which shall be carried out by 

comparing the measured with the calibrated values. A 

review of the historical background has been introduced 

to allow an appreciation of the architectural value of this 

cultural heritage. 

1. Introduction

The acoustic discoveries of cultural heritage build-

ings have always been appreciated by the amateurs 

that experience these places on a regular basis. 

Additionally, this enriches the knowledge of ex-

perts and scholars focused on existing architectural 

patrimony of important value (Bettarello et al., 

2021; Dordevic, 2016; Vecco, 2010). On this basis, 

this paper deals with the acoustic characteristics of 

Bonci theatre of Cesena, measured in line with the 

standard requirements outlined by ISO 3382 

(Iannace & Ianniello, 2008; ISO, 2009; Tronchin et 

al., 2021a). The shape of the horseshoe plan layout 

is typical of a 19th century opera theatre character-

ised with four orders of balconies and a top gallery 

at the last level (Azzaroni et al., 1997; Battaglia et 

al., 1992; Iannace & Ianniello, 2008). The results 

highlight that the  acoustic response of the Bonci 

theatre is suitable for both speech and music, 

which is what these building types were built for 

(Farina, 2007; Jordan, 1981; Tronchin et al., 2006). 

The acoustic parameters meet the criteria of a thea-

tre having similar room volume. This analysis shall 

be considered as a preparatory study taken into 

account before any acoustic simulations  are car-

ried out upon a digital model.  

2. Historical Background

Bonci theater in Cesena was formerly known as 

Spada theatre in the Aledossi Palace (Azzaroni et 

al., 1997; Iannace et al., 2019; Puglisi et al., 2021). In 

1822, the community of Cesena wanted to purchase 

the noble theatre from the gonfalonier and build 

new walls and a solid public theatre (Iannace et al., 

2000; Tronchin & Knight, 2016; Tronchin et al., 

2020). 

In 1842, the construction of Bonci theatre was 

planned under the supervision of the architect 

Ghinelli, but, due to financial difficulties, the pro-

ject started the year after. In 1846, the main frame 

of the building, decoration, scene construction and 

furniture of the theater were completed (Battaglia 

et al., 1992).  
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Fig. 1 – Internal view of the Bonci theatre in Cesena 

Bonci theater represents the paradigm of an Italian 

theater, with harmonious internal space organiza-

tion, reflecting the perfect combination of function-

ality with aesthetics (Tronchin & Bevilacqua, 2022). 

The internal decorations show the characteristics of 

the neoclassical style, as indicated in Fig. 1. 

Bonci theater is characterized by four orders of 

balconies and a top gallery (loggione). The plan lay-

out of the theater presents a horseshoe shape ge-

ometry. In particular, the final design opted for a 

total number of 23 boxes per balcony, to be 1.7 m 

wide at the parapet line. 

The main hall is richly decorated, and the ceiling, 

with its  allegorical representations, is embedded 

in a circular panel carved with gold-plated vine 

patterns. The walls of the main hall are treated 

with polished plaster, as shown in Fig. 2. The inte-

rior design of the boxes is also characterised by 

polished and stuccoed walls. 

 

Fig. 2 – Decorations of the ceiling 

Due to the existence of underground waterways, 

the foundation of the theater is built on wooden 

poles, which support a peripheral wall cage con-

taining separated functional units and a large roof 

supported by huge trusses (Farina & Tronchin, 

2000; Tronchin, 2021). 

Nowadays, the theater is considered a real “ma-

chine” for the artistic shows that run  throughout 

the year. 

3. Architectural Organization 

Bonci theater has a horseshoe-shaped plan layout, 

as shown in Fig. 3, having a total capacity of 930 

seats, distributed as 364 in the stalls, 130 in the top 

gallery (loggione), and the rest across four orders of 

balconies composed of 25 boxes. 

The surface area of the fly tower is a square of 24 m 

side having a height of 18 m and an inclination of 

5 %. The proscenium arch is 12 m wide  with a 

height of up to 7.8 m. 

 

Fig. 3 – Plan layout of Bonci theater of Cesena 

4. Acoustic Measurements 

Acoustic measurements  were carried out inside 

Bonci theater by using the following equipment: 

− Equalised omnidirectional loudspeaker (Look 

Line);  

− Binaural dummy head (Neumann KU-100);  

− B-Format (Sennheiser Ambeo);  

The sound source and the receivers  were located 

across the stalls and in some selected boxes at dif-

ferent orders, as shown in Fig. 4. 
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Fig. 4 – Equipment positions during the acoustic survey 

The sound source was placed on the stage at a 

height of 1.4 m and the receivers were moved 

across the stalls and in the boxes by recording the 

Impulse Responses (IRs). The excitation signal 

(Bettarello et al., 2010) was the Exponential Sine 

Sweep (ESS) (Farina, 2007; Tronchin et al., 2021b), 

which was 15 s long, by covering a spectrum 

bandwidth ranging between 40 Hz and 20 kHz. 

The measurements were taken in unoccupied con-

ditions. 

5. Results  

The recorded IRs were processed with the Aurora 

plugin, suitable for Audition 3.0, to gather the 

main acoustic parameters that are shown in Figs. 5 

to 10 for the octave bands going from 125 Hz and 8 

kHz.  
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Fig. 5 – Measured values of Early Decay Time (EDT) 

Fig. 5 shows the measured values of Early Decay 

Time (EDT), found to be very similar between 

stalls and balconies. Between 250 Hz and 2 kHz, 

the values fluctuate around 1.6 s, while at lower 

frequencies the results rise to 2.2 s and at higher 

octaves the values drop to 1.0 s. The overall out-

come is within the optimal range set  for opera 

houses (Farina & Tronchin, 2005; Farina et al., 1998; 

Tronchin & Bevilacqua, 2021). 
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Fig. 6 – Measured values of reverberation time (T20) 

Fig. 6 indicates that the averaged values of T20 are 

around 1.7 s at mid-frequencies, found to be very 

similar for stalls and balconies. This result meets 

the criteria of an opera house of such a volume 

size, as indicated in Fig. 7. 

 

Fig. 7 – Optimal T20 values at 500 Hz, based on room volume 

Fig. 8 shows the results of speech clarity index 

(C50), found to be better in the stalls than on the 

balconies (Tronchin et al., 2006). The values in the 

stalls meet the optimal range (-2 dB to +2 dB) (ISO, 

2003; Puglisi et al., 2021) for the mid-frequencies; 

the results of 63 Hz and 8 kHz are not included in 

the target set by the criteria. On the balconies, the 
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results are slightly below the lower range limit, 

except at 8 kHz, where the value is within the op-

timal range. 
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Fig. 8 – Measured values of speech clarity index (C50) 

In terms of music, Fig. 9 indicates that the clarity 

index related to music (C80) for both stalls and bal-

conies was found to be within the optimal range 

for the mid octaves. This outcome highlights the 

suitability of Bonci theater for both opera and 

symphonic music (Beranek, 1962; Iannace et al., 

2019; Tronchin, 2005).  
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Fig. 9 – Measured values of music clarity index (C80) 

The results related to definition (D50) turned out to 

be 0.4 in the stalls and 0.3 on the balconies, as indi-

cated in Fig. 10. This means that the definition is 

slightly better for music even if the overall out-

come confirms what has been assessed for the oth-

er acoustic parameters (Iannace et al., 2000; Tron-

chin et al., 2020; Tronchin et al., 2021b). 
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Fig. 10 – Measured values of D50 

6. Conclusion 

The assessment of the acoustic measurements tak-

en inside Bonci theater in Cesena outlines a good 

response regarding both speech and music. The 

best results were found at mid-frequencies, while a 

shortfall was found at the octaves below 125 Hz, 

and the results above 4 kHz were found to be 

slightly above the upper range limit. Based on the 

acoustic survey, future research studies will be 

focused on the acoustic simulations (Caniato et al., 

2019 and 2020b) of a certain typology of scenery, 

with and without the audience, in order to high-

light the differences of the acoustic parameters in 

stalls and balconies, as well as for energy building 

and musical instrument simulation (Fabbri et al., 

2014; Manfren et al., 2019, 2021a, 2021b and 2022; 

Tronchin et al., 2020). On the basis of this, this pre-

paratory analysis would be of fundamental im-

portance during the calibration process of the digi-

tal model (Caniato et al., 2020a), where the absorp-

tion coefficients would be applied to all the 3D 

elements. 
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