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Abstract

One of the main interventions against the spread of
COVID-19 is so called social distancing, which has rather
large consequence on activities held in the building
interior. The direct impact can be seen in the limitations
of the number of people present in an enclosed space at
the same time in order to fulfil the necessary distance
between persons. However, these rather unpleasant
restrictions with dramatical impact on functioning of the
so-called HORECA (hotel-restaurant-café) services,
turned out to have also a positive impact on the indoor
acoustic comfort. The main difference can be seen in the
decreased noise levels in restaurants. This article
compares acoustic performance of one space in two
situations (before and during pandemic) and shows to
what extent a simulation can be used for prediction of
noise from quasi dynamic sound sources (i.e. talking

people).

Key Innovations

e Determination of group size g for school
canteens with a background noise level above
70dB and an average sound absorption
coefficient aavg < 0.1.

e Verification of parameter g =3.5 for dinning

party.

Practical Implications

Fewer talking people inside a room means in general also
lower noise levels. This article shows, that the distribution
of people in the room has very strong impact on the
overall produced sound pressure level in the room. The
fact, that human vocal output depends on a situation and
that people adapt their voice power to the surrounding
noise, is called Lombard effect. Therefore, a small group
of people can sometimes produce more noise in case they
sit close to each other and in this way, they influence each
other’s local and immediate background noise, to which
they adapt their vocal output.

Introduction

Since beginning of 2020, the world is experiencing the
negative influence of covid-19 pandemic which was also
declared by World Health Organization (Organization,

2020). All over the world many countries introduced anti-
pandemic measures which may vary from country to
country, but there are some common features such as
keeping the distance, wearing face protection masks,
frequent hand disinfection as well as catering facilities
either completely closed or with strong limitation of their
operation. Recently, many researchers investigate the
impact of anti-pandemic measures on acoustics (Kritly,
Sluyts, Vandenberghe, Glorieux, & Rychtarikova , 2021)
(Bottalico, Murgia, Puglisi, Astolfi, & Kirk, 2020)
(Corey, Jones, & Singer, 2020) (Hampton, a ini, 2020).

This article focuses on the prediction of noise levels
produced by talking crowd of people in the self-service
student restaurant at Faculty of Civil Engineering STU
Bratislava. The two situations are compared: (1) typical
situation before the epidemy of COVID-19 with
maximum number of people present in this room and (2)
situation with maximum allowed number of people
present, so that the requirements of Slovak government
against the spread of COVID-19 (UVZ, 2020) are
fulfilled. First, detailed noise measurements were
performed in situ representing the acoustic situation in the
student restaurant before and during pandemic,
accompanied by room acoustic measurements, necessary
for model calibration. Secondly, a 3D spatial model was
prepared and room acoustic prediction of the sound
pressure level was performed by means of Odeon
software, using adaptation algorithm for Lombard effect
(Rindel J. H., 2010). Number of people present, and
calibration of simulation model is used from previous
experiments in this case study (before the epidemy)
(Zelem, 2015).

Description of the case study

The dimensions of the student restaurant are ca
21 mx 23 m with height of the ceiling 3.8 m. Basic
volume of this canteen is V = 1 775 m?, floor area 467 m?
and overall area of interior surfaces (walls with ceiling
and floor) is S = 1440 m?. The floor is formed by red
marble on concrete slab. Approximately three quarters of
walls are plastered by lime plaster (part of the room with
tables and chairs) and one quarter is covered by ceramic
tiles (part where food is served). The ceiling is made up
of suspended gypsum plasterboard without perforation.
The wall, that separates the canteen from faculty atrium,
is composed by large windows. Overall area of windows
is 60 m2.
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The operating hours of the canteen are divided into two
parts. The first part is related to breakfast and second to
lunch. The capacity of the room is determined by the
number of tables (32) and by number of chairs (280). Note
that these numbers represent the situation before epidemy
of COVID-19.

During the pandemic, the number of tables has dropped to
23 and number of chairs to 46. The minimal distance
between the tables used to be 0 - 2 m (distance 0 m means
- tables next to each other in a row), these days it is at least
2m.

Measurements

The measurement can be divided into two parts, the first
part (1) is focused on the description of the space in terms
of room acoustic parameters, calculated from integrated
room impulse response measurement in situ; and the
second one (2) is focused on the measurements of noise
levels under presence of people, followed by statistical
noise measurements.

Room impulse response measurements in situ

The impulse response measurements using sweep signal
were performed in situ, for two positions of the
omnidirectional sound source and 19 microphone
positions (for the first source position) and 23 microphone
positions (for the source position No. 2). The positions of
the microphones and sources are shown in Figure 1.

As already mentioned above, these measurements were
performed to get an idea on reverberation time in the room
and to estimate the sound absorption properties of interior
surfaces more accurate.
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Figure 1: Left picture — the sound source position 1(red
icon) and the corresponding positions of the
microphones. Right picture — indication of the sound
source position 2 (red icon) and its corresponding
microphone positions.

Measurements of the restaurant noise in situ

Monitoring of the noise level in the canteen took place for
6 days during the entire period of operation (serving
lunch) in the range of about 3 hours.

The background noise level in the empty restaurant is
between 46 — 48 dB and is caused by sound coming from
the kitchen, fridges, ventilation system etc.

Noise levels were monitored and analysed together with
the number of people present in the room, in 1-minute
intervals. The minimal number of people present in room
was 10, the average maximum around 250 and maximum
value of average equivalent sound pressure level was
approximately 72 - 73 dB (A-weighted).

Figure 2 shows the course of the sound pressure levels
expressed through statistical values, such as Lio, Los, Leg
(the equivalent sound pressure level) as a function of the
number of people present.

Noise level La, o5 expresses the noise values constantly
present in the room. Noise level La, 10gives us information
about all values of noise that are exceeded in 10 % of
time, thus the typical highest values. From the two
quantities it is possible to derive intervals of variations of
noise levels for a specific number of people present.
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Figure 2: Correlation between the number of people
present in the room and the produced noise levels. The
curves show the trend line of the measured values.

It can be observed, that the equivalent sound pressure
level with number of people over 90, does not fall below
68 dB and rarely exceeds 73 dB. This implies that the
already relatively low noise level causes considerable
discomfort in verbal communication and the present
persons reduce talking.

Although the highest counted number of people present in
the room was 250, the most common amount of restaurant
guests was between 80-90 shown through histogram
presented in the Fig. 3. This situation can be considered
as standard in terms of space occupancy.
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Intervals of number of people present

Figure 3: Histogram of the intervals of the number of
people present.

Simulations

Simulation model was created in Acoustic software
Odeon. Which is based on hybrid calculation method that
combines image source method and special ray tracing
method with advanced scattering algorithm (Odeon,
2021).

Model calibration

The calibration of the model was based on the
reverberation times Ty and Tso, which were derived from
in situ impulse response measurements. Other parameters
such as EDT, Ts, Cgo and Dsowere also monitored. A very
good accordance has been found between the simulated
and measured values of reverberation time Tz and Tso.
(Fig 4). Figure 4 also shows a very good correlation
between the simulated and measured values of all other
chosen room acoustic quantities
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Figure 4: Comparison between simulation and

measurement for chosen room acoustic quantities,

Simulation of dynamic sound sources

If the dominant sound produced by people present is
speech, we can determine it according to ANSI 3.5 (ANSI
3.5-1997. American National Standard — Methods for
Calculation of the Speech, 1997). This standard specifies
the sound pressure level of a speaker at a distance of 1 m
in octave bands from 250 Hz to 8000 Hz and for 4 types
of conversations (normal, raised, loud and shouted).

In order to be able to apply these values to the simulation
software, it is necessary to determine the sound power
level Lw at the source (mouth of the speaker). This can be
done on the basis of a conversion according to (1):

Lw = Lsim— 10 x logio[Q/(4 x 7 x r?)], 1)

where Q is the directivity of the source and Ls 1 m are the
values of the speaker sound pressure level for the
individual octave bands.

If we consider the directivity of the source Q = 2 and the
distance r =1 m, we obtain the sound power levels Lw
according to Table 1:
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Table 1: Conversion of the sound pressure level of speech
to the sound power level near the speaker's mouth.

F Normal Raised Loud
(H2) | Ls1m Lw Lsim Lw Lsim Lw
(dB) (dB) (dB) (dB) (dB) (dB)
250 57,2 65,2 61,5 69,5 64,0 72,0
500 59,8 67,8 65,6 73,6 70,3 78,3
1000 | 53,5 61,5 62,3 70,3 70,6 78,6
2000 48,8 56,8 56,8 64,8 65,9 73,9
4000 43,8 51,8 51,3 59,3 59,9 67,9
8000 | 38,6 46,6 42,6 50,6 48,9 56,9

> 63 71 69 7 75 83

In Odeon software the directivity of the speaking person
was taken into account, by means of 3D directivity model.

Simulated scenarios

Simulations were performed for two basic scenarios
representing the (a) ,,normal situation* before pandemic
and (b) ,,COVID-19 situation®, i.e. adoption of space
according to the regulations against the spread of the
pandemic COVID-19 (Figure 5).

The “normal situation” (Figure 5 — left) is characterized
by standard operation of the canteen. It also serves as a
well calibrated model with respect to the dynamic sound
sources.

The “COVID-19 situation” (Figure 5 — right), shows the
reduction of the seats in the room after the adaption of the
space.
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Figure 5: Left picture — distribution of the tables in
normal situation. Right picture — reduction of tables after
the application of anti-pandemic measures.

Results and discussion

(a) Simulation of “Normal situation”
The sound pressure level of speech, which corresponds
according to the ANSI 3.5 to ,Normal voice”, is
considered as a normal conversational level without the
influence of the Lombard effect.

The Lombard effect starts to take place in situations with
the background noise reaching around 45 dB and where
starting sound pressure level of a talking person is
Lsa,1m=55dB (Lazarus, Prediction of Verbal
Communication in Noise - A Review: Part 1, 1986).

The measured background noise level of the empty
restaurant reaches 48 dB and therefore the ‘“Normal”
speech will have slightly higher level (Lsa 1m =59 dB
(ANSI 3.5-1997. American National Standard — Methods
for Calculation of the Speech, 1997)).

The sound pressure level of speech (Lsa, 1 m), including the
influence of the Lombard effect, can be calculated on the
basis of the relation (2) (Lazarus, Prediction of Verbal
Communication in Noise - A Review: Part 1, 1986)
(Lazarus, Prediction of Verbal Communication in Noise -
A Development of Generalized SIL Curves and the
Quality of Communication; Part 2, 1987):

LSA, im= 55 +C. (LNA - 45)! (2)

where Lsa, 1m (dB) is sound pressure of speech in distance
of 1 m from speaker, Lna (dB) is background noise and ¢
is the Lombard constant ranging from 0.2 to 1 dB/dB
(Hayne, Taylor, Rumble, & Mee, 2011).

The Lombard constant according to Lazarus for speech
noise (characteristic for catering establishments) most
often reaches value 0.4 dB /dB (Lazarus, Prediction of
Verbal Communication in Noise - A Review: Part 1,
1986). Based on this assumption, it is possible to estimate
the sound pressure level of speech for the maximum noise
level Laegmax (dB) as (3):

LSA, 1im=55+cC. (LA,eq,max - 45)
Lsa,1m=55+0,4 x (73 -45)
Lsa,1m=~66dB (3)

This corresponds to the speech level of the "Raised voice"
conversation type (66 dB) (ANSI 3.5-1997. American
National Standard — Methods for Calculation of the
Speech, 1997). Based on this calculation, it can be stated,
that high noise levels in the canteen (73 dB) force people
to speak with an increased voice.

This value of sound pressure level (73 dB) was achieved
with a maximum number of people 240 — 250 present in
the room.

Using the simulation model of Odeon, variations were
simulated with an increasing number of active sources
with the sound power level Lw of one speaker
corresponding to the designation "Raised" (according to
Table 1) to achieve the same equivalent sound pressure
level Laeq =73 dB. It was found, that 22 active sources
are needed to reach a given sound pressure level value.

Based on this calculation, the size of the group g (Rindel,
Christensen, & Gade, Dynamic sound source for
simulating the Lombard effect in room acoustic modeling
software, 2012) was determined, as the ratio between the
persons present and the verbally active persons (4)
(Rindel J. H., The Acoustics of places for social
gatherings, 2015):

g=N/Ns=240/22=11(4)
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where N is number of people present and Ns is number of
speaking persons in the same time.

The group size g was verified by further simulations and
comparisons with measurements. The results are shown
in the Table 2.

Table 4: Comparison of noise level from measurement
and simulation for group size g = 3.5 in the case study of
J. H. Rindel et al. (Rindel, Christensen, & Gade, Dynamic
sound source for simulating the Lombard effect in room

Table 2: Comparison of noise level from measurement

and simulation for group size g = 11.

Number of Number of | Measureme Simulation
sources people nt
g=11 Laeq (dB) Ln,a (dB)
22 242 73.3 74.0
17 187 72.3 72.6
11 121 71.4 70.8

acoustic modeling software, 2012).

Reverberati
Number of . Measureme . .
SOUrCEs on time for nt Simulation
1000 Hz

g=35 T20(s) Laeq (dB) Ln.a (dB)
137 2.4 87.3 87.7-87.9
151 0.7 82.5 82.6-83.8
109 0.4 82.9 82.7-83.5

In the Table 4 we can see the values from measurement

The group g = 11 for the student canteen corresponds to
the background noise level from 68 to 73 dB and sound
power level of speaker Lw,a = 66 dB (“Raised" - according
to Table 1).

(b) Simulation of the “COVID-19 situation”
The anti-pandemic measures in September and October
allowed to sit maximum 2 people at the same table with
distance between people of minimum 2 m (UVZ, 2020).
This has significantly reduced the number of people
present in the room at the same time to 48.

The size of group g usually ranges from 2.5 (for very
intense verbal communication) to a value of 9, which
characterizes a low level of verbal communication. The
default value for dinning party is g=3.5 (Rindel,
Christensen, & Gade, Dynamic sound source for
simulating the Lombard effect in room acoustic modeling
software, 2012). This means that in case of 48 people
present will be the number of sound sources around 14.

When we look at the measured noise level in the canteen,
for a given number of people 48, the equivalent sound
pressure level reaches La eq =65 dB and La 5= 60 dB.
Therefore, it is clear that the Lombard effect will not be
significant and thus "Normal" speech Lsa1m can be
considered (ANSI 3.5-1997. American National Standard
— Methods for Calculation of the Speech, 1997) (Table 1).

Table 3: Comparison of noise level from measurement
and simulation for group size g = 3.5.

Number of Number of | Measureme
Ln,a (dB)
sources people nt
g=35 Laeq (dB) Ln.a
14 48 65,0 64,6
7 24 63,4 64,0

In the Table 3 we can see the values of the noise levels
coming from the simulations and measurements, which
correspond to the number of people present based on the
parameter g = 3.5. The measured and calculated values
deviate from 0.4 to 0.6 dB.

case study and simulation with considered group size
g = 3.5. The comparison of measured sound pressure level
with simulated cases shown a good correspondence. We
can consider this group size for typical dining party.

Conclusion

In this study, the two acoustic situations (“normal and
covid-19”) were compared in terms of the noise
production by people in the student’s restaurant at Faculty
of Civil Engineering STU Bratislava.

Impulse response measurements as well as noise
measurements were performed, followed by room
acoustic simulations in Odeon software.

The maximum equivalent noise level Laeq=73.3 dB was
reached in situation where 250 people were present in the
room. It has been confirmed that high noise level initiates
the Lombard effect (Lazarus, Prediction of Verbal
Communication in Noise - A Development of
Generalized SIL Curves and the Quality of
Communication: Part 2, 1987) and it has been shown to
what extent the effect occurs. The sound power level of
the sound source (one speaking person) was derived from
the theory (Lazarus, Prediction of Verbal Communication
in Noise - A Development of Generalized SIL Curves and
the Quality of Communication: Part 2, 1987) and the size
of the group g was determined.

The subsequent simulation of the "Normal situation™ thus
served to verify the parameter g. Individual measurements
were compared with simulations. Using the parameter g,
the number of persons present in the canteen was
calculated, which corresponded to the number of sources
in the simulation. The deviations ranged from 0.3 to
0.7 dB.

At first glance, the considered group size may seem to be
too large. However, it is a school canteen, whose main
purpose is catering. It is also a space characterized by hard
materials, which contributes to overall noise due to
multiple reflections of sound.

In simulation of the "COVID-19 situation”, the maximum
number of people present in the room is only 48. For a
given number of people, the average equivalent sound
pressure level was Laeq =65 dB and Lags = 60 dB and the
size of the group g = 3.5 (Rindel, Christensen, & Gade,
Dynamic sound source for simulating the Lombard effect
in room acoustic modeling software, 2012).
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Finally, we can conclude, that measures against the
COVID-19 pandemic have significantly influenced noise
levels in the canteen in spite of the fact that this room is
very reverberant with average alpha values of interior
surfaces < 0.1.
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