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Summary 
Restaurants and cafes are in large shopping centra usually directly or indirectly acoustically 
connected with the main hall. Acoustic comfort in these eating establishments might be therefore 
influenced by the background noise produced by sound sources placed in the main hall. Late sound 
reflections from far and often hard surfaces create long reverberation time and have therefore an 
impact on the overall background noise level in such rooms. 
In noisy situations, talking people adopt in a way, that they increase their voice and so increase the 
noise levels even more. In this paper we investigate, what is the impact of the position of sound 
absorption in a shopping mall on room acoustic parameters and the background noise in restaurant. 
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1. Introduction1 

An overall indoor comfort in large shopping malls 
or atria covered by transparent constructions 
became a topic of interest that involves architects 
and specialist from different research field of 
physics. Very much spoken is the impact of 
transparent foil structures such as ETFE in terms of 
its sound transmission and reflections properties as 
well as rain noise [1,2,3]. In a view of sustainable 
renovation of historical monuments [4], foil 
structures turned out to be a good compromise, in 
cases where light and transparent roof system is 
required, since it doesn’t need an especially strong 
load baring system with extra foundations [5]. Also, 
a positive impact of a roof system based on 
structural skins on acoustic comfort in terms of 
lower reverberation times at low frequencies, in 
comparison with roofs made out of glass, has been 
shown [6]. 
In this article we intend to investigate the effect of 
the position of sound absorption in an atrium, where 
a restaurant is situated in one of its corners. General 
effect of sound absorption position in room with 
average size is rather known. However, in large 

                                                   

 

rooms, late reflections might carry very little sound 
energy and therefore their impact on sound levels 
will be prominent only in cases where the sound 
source is very powerful. 
This study can be understood as a continuation of 
our previously performed research reported in [7]. 
 
2. Description of the case 

The case study is a shoebox shaped atrium covered 
by ETFE foils with a volume of 8921 m3 (18m x 
33m x 15m) and restaurant placed in a corner 
(Fig.1).  
 
 

 

 

 

 

 

 

Figure 1. Case study – an atrium covered by ETFE 
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This study is based on seven (7) different variants, 
with differently distributed sound absorbing 
material (wide band) in an atrium covered by 
structural skins (Fig.2). Variant A0 is a reference 
case without additional wall sound absorption. 
Variants A1-A3 represent architectural cases, in 
which the efficiency of relatively small amount of 
material with 90 % absorption (total surface of 105 
m2) by its strict positioning is investigated. In the 
variants A1 and A2, the height of the sound 
absorbing material is 5m. In the variant A3 (Fig.2) 
the absorptive surface is placed at 5m height above 
the whole restaurant situated in one of the atrium 
corners.  

In the variants B1-B3 we focus on understanding of 
the effect of architectural design in terms of 
positioning of sound absorbing material (total 
surface of 135 m2) in large room on different room 
acoustic parameters. The plain of interest was in the 
height of 1.5m above the atrium ground floor. 

 

 

 

 

 

Figure 2. Simulated alternatives with indication of 
sound absorption in a ground plan scheme (in red) 

 
3. Simulations 

Simulations of the atrium under different 
circumstances (Variants A0-A4 and B1-B3) were 
performed in CATT acoustic® software. The 
position of an omnidirectional (point) sound 
sources Z0 and Z1 simulated 1,5 m above the floor 
is shown in the Fig.2. Although simulations were 
performed for so called “audience area mapping” 
and thus spherical receivers, impulse response 
simulations were performed for several positions of 
individual receivers, indicated by dots in the Fig.2. 

Simulations were performed with 10 000 rays and 
automatically set truncation time. 
4. Results and analysis 

Experiment A (comparison of variants A0-A3) 

First, the alternatives A0-A3 were compared in 
terms of an overall reverberation time, calculated as 
an average value from 28 receiver positions. Based 
on the results we can conclude, that even relatively 
very little amount of absorption in a large room can 
significantly influence T30, if its position is very 
close to the sound source. 

 

 

 

 

 

 

 

 

 

Figure 3. Simulated T30 for cases A0-A3.  

Analysis of the sound pressure level distribution in 
the atrium was for reasons of better comparison 
with other rooms, performed by means of 
parameter G (dB). A significant difference 
appeared between the cases where absorption was 
placed close to the restaurant (i.e. variant A1 and 
A3) and variants A0 and A2. Interestingly, there is 
no significant difference in G-values between the 
variant A0 (without absorption) and variant A2, in 
which the sound absorption was placed in the 
opposite corner (relative to the source) in the 
atrium. There is no significant difference between 
the situation A1 and A3 in terms of values in T30 
and G. 

Figure 4. Simulated G (dB) for cases A0-A3 

Analysis of the room according to the parameter 
C80, that represents the ratio between early and late 
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sound, we can see certain similarity with G values 
distribution.  The sound absorption placed near the 
sound source will have certain impact on the sound 
clarity, whereas, the sound absorption positioned 
far from the source will hardly influence the result. 

This is a confirmation that very late sound 
reflections in the atrium with a size of ca 8921 m3 
will be very weak to influence the sound level or 
sound clarity significantly. 

Figure 5. Simulated C80 (dB) for cases A0-A3 

 

Experiment B (comparison of variants B1-B3) 

In the variants B1-B3, simulations were performed 
for two positions of sound source Z0 (same as in 
the previous experiments) and Z1 (placed in the 
middle of the room). Results of the average 
reverberation time for both sound sources are 
shown in the Fig.6. We can see, that in cases with 
corner absorption (variant B1) and case with quasi 
equally distributed absorption the reverberation 
time is slightly longer than in case B2, in which 
absorption was places in the middle part of the 
walls. However, these differences are very small 
and will not yield into just audible differences in 
reverberation. 

Figure 6. Simulated T30 for cases B1-B3. 

In terms of sound pressure level distribution from 
Z0 and Z1, there are no differences seen between 
the 3 variants B1-B3 in case we look at the results 
from a global point of view. Only a local sound 
pressure level drop near the absorptive surfaces can 
be seen from audience area mapping results (Fig.7). 

Figure 7. Simulated distribution of G (dB) at 1 kHz, 
for variants B1-B3 compared to A0, for the source 
Z0 (upper picture) and Z1 (lower picture) 

 

Clarity results are summarized in the Fig.8. From a 
global point of view, overall clarity decreases only 
in situation without absorption, what is expected. 
Locally, there is a minor difference between 
variants B1-B3 at the position of the restaurant. 

Figure 8. Simulated C80 (dB) for variants B1-B3. 
upper picture: results for the sound source Z0 and 
lower picture for source Z1. 
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5. Conclusions 

It can be concluded, that placement of a highly 
sound absorptive material close to the sound source 
will significantly influence the global reverberation 
time, sound pressure level distribution and sound 
clarity even in a large hall. 

Sound absorption positioned at walls far from the 
sound source will affect sound pressure level only 
locally, at places very near the absorptive wall 
surface. 
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