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Abstract. The “Santa Maria della Consolazione” temple in Todi is probably one of the most 
interesting worship space in Italy. Built during the Counter reform period as a pilgrimage church 
on the way to Rome, it was designed by the most famous Italian architects of the period until the 
end of the work in 1607. The temple’s plan is an original Renaissance Greek cross plan with a 
giant dome that dominates the building. Masses as well as concerts take place in the church 
nowadays. Since the church remained unchanged from the end of the edification, it represents a 
living proof of the counter reform’s revolution in architecture and in rite praxis. For this reason, 
an acoustical characterization of the church should allow to evaluate the acoustic properties and 
to recreate the acoustic environment of a roman-rite counter reform mass, the listening condition 
and the acoustic comfort of the played music. The symmetric plan and the particular architectural 
dimensions (the church is higher rather than width, h = 48m, w = 37m), the big indoor volume 
(~16.700 m3), the absence of important sound absorption materials or surfaces, and the almost 
total absence of complex indoor monuments, despite the Sanctuary, let forecast a long 
reverberation time. The high dome as well as the four apses could also influence the indoor 
acoustic behaviour. No plan or wooden roof exists. Measurements according to ISO 3382 were 
carried out in order to analyse the Clarity Index behaviour when assuming a concert 
configuration.  

1.  Introduction 
Acoustics of churches and worship places is probably the most fascinating field of acoustics, due to 

the main singularities of those buildings, the variety and overlapping of architectural styles from 
different time periods and the complexity of the sounds’ diffusion. The present paper exposes the case 
of “Santa Maria della Consolazione” temple in Todi. The temple (Figure 1), nowadays a church, is one 
of the pilgrimage churches built in Renaissance style and a rare sill-existing-example of a short, 
centralized and symmetric Greek cross plan surmounted by a high dome. The original architect was 
Cola da Caprarola and the construction work began in 1508; Caprarola was aided by Baldassarre 
Peruzzi, Antonio da Sangallo il Giovane, Galeazzo Alessi, Michele Sanmicheli, Vignola, and Ippolito 
Scalza [1]. Since the completion in 1607, no superfetation are recorded, despite some changes arise from 
the edification’s history. The floor and the lower part of the building are in a pure renaissance style and 
proofs of the original altar are still visible at the center of the plan. Later additions are the Sanctuary in 
Baroque style and 12 gypsum statues of Saints (XVIII century). The huge dome in Barocchetto style is 
48 m high and the four apse make the temple a real interesting case study of the indoor sound behavior. 



 
 
 
 
 
 

Concerts are usually performed there, thanks to the pipe organ’s presence. Reverberation time RT and 
clarity index C80 were measured, in order to spatialize the sound energy in the temple. C80 was measured 
during the first 80 ms, according to ISO 3382 for music listening (equation 1):  

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐶𝐶80 =
∫ 𝑝𝑝(𝐶𝐶)2𝐼𝐼𝐶𝐶80 𝑚𝑚𝑚𝑚
0

∫ 𝑝𝑝(𝐶𝐶)2𝐼𝐼𝐶𝐶∞
80 𝑚𝑚𝑚𝑚

 

where 𝑝𝑝(𝐶𝐶) is the sound pressure’s signal oscillation in time. 

(1) 

 

  

 

 
 

Figure 1. Plan and section of the “Santa Maria della Misericordia” Temple in Todi.  

2.  The measurement set-up 
The measurements were carried out according to ISO 3382. The location of the omnidirectional source 
S5 and the microphones positions is showed in figure 2. In order to simulate the organ source position, 
the source S5 is located at 3.5 m high. The microphones’ positions are set as the best for churches with 
wide domes [3]. 

 
 

 
Figure 2. Plan of the temple with electroacoustic 
omnidirectional source, organ location, and 
microphone positions. 

 
Figure 3. Plan of the temple with the Main 
Listening Area (MLA) location, highlighted with 
the dotted red line and the black-dotted symmetry 
axe that crosses the source. 



 
 
 
 
 
 

 

Table 1. Measurement set up. 

Set up Sound source Microphones Frequency range Measured 
parameters 

ISO 3382 
standard 

electroacoustic Omni 
directional sound source 

with MLS signal 

Omni 
directional 

From 125 Hz to 4000 Hz in 
octave bands. Sampling 
rate of 44.1 kHz at 16 bit 

Reverberation time, 
Clarity Index 

3.  Measurement results and comparisons 
 

High values of RT were found (in the 3.1-11.6 s range), as expected (Table 2). C80 at 500 Hz vs. the 
distance from the source S5 (Figure 4) inside the MLA shows a significant difference between R12 or 
R13 and R4 or R5, demonstrating the dependence of early energy on the distance from the dome centre. 
On the other hand, the low differences R5-R4 and R1-R11 state the little influence of proximal surface 
and wall. The baroque Sanctuary generates asymmetries in the energy distribution (Figure 5) between 
that side (north side) of the plan and the opposite (South side, Figure 3) as a result of the scattering due 
to its complex structure, but it does not affect the energy distribution close to the sound source (R12-
C1), whereas it is significant in the dome area and in front of the Sanctuary (R2-R3). 

     
Table 2. Reverberation time 

Frequency (Hz) 125 250 500 1000 2000 4000 
Reverberation 
time (s) 10.8 11.6 9.4 7.8 5.5 3.1 

 
Figure 4. Mean values of the Clarity Index vs. 
distances from the sound source at 500 Hz 

 
Figure 5. Comparison between Clarity Index 
trends of symmetrical microphone points in the 
MLA 

4.  Conclusions 
 
Room acoustic parameters study is very important temples and churches, especially for music; a case 

study (“Santa Maria della Consolazione” temple in Todi) is presented. Measurements show high values 
of RT, as expected, especially at the low-mean-frequencies. The C80 values allow to identify possible 
reflection points and the best receipt points. More detailed analyses will be carried out in future, taking 
into account the specific sound of the organ. 
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