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ABSTRACT* 

School gymnasia and sports halls are generally spaces with 

high noise and low acoustical treatment. This can lead to 

uncomfortable acoustic conditions for teachers and 

students. Building standards have been developed so as to 

protect the users from discomfort as well as possible health 

hazards due to prolonged noise exposure in these kinds of 

spaces. The Swiss and several other European countries’ 

building standards use a maximal reverberation time (as a 

function of the hall volume) as an acoustic requirement. 

In this paper, we review and compare 12 

standards/recommendations from different countries and 

gather the reverberation times for 52 sport halls from 

scientific papers and our own in-situ measurements. The 

measurements results are compared to the German DIN 

18041:2016 standard (also used by Italy and Switzerland), 

as a function of the presence and positions of absorbing 

surfaces.  

Results show that none of the halls with an absorbing 

ceiling and reflecting walls comply with the standard, but 

that most of the halls with absorbing ceiling and absorbing 

materials on the lower sections of all four walls fulfil the 

standard requirements, regardless of the volume of the hall. 

Furthermore, the shortcomings of predicting the 

reverberation time of sport halls using either diffuse-field 

methods (Sabine, Eyring, …) or acoustic simulations (ray-

tracing) are discussed. 
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1. INTRODUCTION 

School Gymnasia and sport halls are large spaces with high 

reverberation time (Tr) and noisy environments. Research 

shows that poor acoustic conditions are one of the 

parameters which users find the most annoying [13,18], as 

well as being a potential health hazard (stress, hearing, 

vocal efforts) for frequent users (teachers, trainers) [15]. 

Sound absorbing materials must then be used to lower the 

reverberation time and the noise levels in these halls. 

Building regulations addressing reverberation times in sport 

halls have been around for a long time, at least since 1989 

[17], and also the recommendation that the lower part of 

two adjacent walls should be absorbing [20].  

Despite this, in construction projects today, acousticians are 

often asked to justify the costs of acoustic treatments and 

builders are wary of putting absorbing materials on the 

lower parts of the walls. Moreover, the task of justifying 

these acoustic treatments with accurate modelling is quite 

difficult, due to the fact that calculating the acoustic fields 

in large halls with non-diffuse sound fields with either 

statistical methods (Sabine, Eyring) or ray-tracing methods 

are subject to large errors. 

First, the different acoustic descriptors used to describe the 

sound fields in scientific papers and standards are presented. 

Then, nine building standards from different countries are 

presented and compared. We then present our own Tr 

measurement results from six halls with information 

regarding the acoustic treatment. We also integrate a 

database of Tr measurement results from scientific papers 

and compare them to the German DIN 18041:2016 
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standard1. Three empirical regression models for the Tr in 

sport halls are calculated from the database according to the 

position of absorbing surfaces (none, ceiling, ceiling and 

walls). Finally, the difficulties with the calculation of Tr of 

halls in the planning phase are discussed. 

2. DESCRIPTORS 

Reverberation time (Tr) is the most common descriptor used 

to characterize the indoor acoustics of sport halls in 

literature. It is the easiest descriptor to measure, has high 

reproducibility [6], and is well correlated with the 

subjective perception of the users [25]. On the other hand, 

the reverberation time is not easy to predict accurately in the 

design phase, as sport halls usually have non-diffuse sound 

fields (sound absorption often being confined on one 

surface). Furthermore, the single number quantity Tr will 

not necessarily reflect the acoustic conditions of the hall, as 

parallel reflecting surfaces (especially walls) lead to 

concave decay curves [7,11]. For these reasons other 

descriptors have been proposed in literature [9,11], such as: 

Sound level and noise exposure (LAeq, LAmax, Lex,8h,…) 

which are dependent on both the acoustics of the halls and 

the sound sources. They are the descriptors most directly 

correlated with the health hazards of the noisy environment 

in sport halls (stress, hearing loss [10]) and are well 

correlated to the discomfort felt in these spaces. On the 

other hand, sound level is very dependent on the number of 

students in the hall and, although to a lesser degree, on the 

activities taking place [13]. For this reason, a sound level 

limit cannot be used as criteria in the design phase.  

More rarely, the Speech Transmission Index (STI) is used 

as a descriptor for the rating of a sports hall in literature, as 

it correlates well with vocal efforts needed to convey 

information. A lack of intelligibility is pointed out as the 

reason for high vocal efforts and learning difficulties [18]. 

Mean absorption (αmean) is a very easy descriptor to use 

during the design phase of a new sports hall, as it directly 

affects the choices of materials without the need for 

simulations. But the downside to this descriptor is that it 

does not take into account the positions of the absorbing 

surfaces, which will have a strong effect on the overall 

acoustic conditions of the halls. For example, a hall with 

absorbing treatment on the high part of the walls has a 

much longer reverberation time for the users than if the 

same treatment is on the lower part of the walls. Other less 

common parameters (G sound strength, C50 Clarity) are 

————————— 
1 DIN 18041:2016 was adopted as the Swiss and the Italian 

standard in 2020 [22,23]. The old Swiss standard was based on 

old German standard DIN 18041:2004 [26] 

also proposed as alternatives to Tr [9,12] because they are 

more reliably calculated in simulations. 

3. STANDARDS AND RECOMMENDATION 

Nine building standards/recommendations addressing the 

room acoustics of sport halls are analysed. They are all 

based on a requirement for the maximum reverberation 

time in the sport hall that is to be fulfilled. A comparison 

of the different maximum reverberation times from the 

each of the studied standards is shown in Figure 2. All 

reverberation time requirements are dependent on the 

volume of the hall (except the British BB93 standard, 

based on floor area, which is not shown in Figure 2). The 

Dutch and Polish standards are the strictest, followed by 

the German. The French and the old German standards 

are more lenient and the Portuguese standard is by far 

the most permissive. There is a large discrepancy 

between the different standards. For example, regarding 

a triple court sports hall (typically V = 12 000 m3), the 

mean for the maximum reverberation times is 2.6 s ± 

0.8 s.  

Due to the requirement being a maximum reverberation 

time, the respect of the standards can easily be checked 

with in-situ measurements, with the source and receptor 

points being at head level (usually 1.5 m). The sound 

field at this height is therefore determinant in whether 

the standards’ requirements are fulfilled. 

4. IN SITU REVERBERATION TIME 

MEASUREMENTS 

The reverberation times as well as information about the 

positions of sound absorbing surfaces were gathered for 52 

halls. Table 1 shows a summary of the number of halls 

analysed and their sources. Results from our own 

measurements in Switzerland are presented in Section 4.1. 

Results from both our measurements and the ones found in 

literature are presented in Section 4.2. The reverberation 

times are compared to the German standard requirements. 

Large two- and three-court halls are usually equipped 

with dividers between courts which can be raised or 

deployed to separate the hall into different 

configurations (see Figure 1). The German standard 

specifies that the reverberation time requirements must 

be fulfilled for all the configurations (for the whole hall 

with dividers raised and for each partition with the 

dividers lowered).  
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Figure 1. Dividers in sport halls. Left: Curtain. 

Right: Skyfold acoustic partition 

4.1 Swiss reverberation time database 

Reverberation times were measured in six different sport 

halls in Switzerland. In accordance with the German/Swiss 

standard, multiple reverberation times in one sports hall 

were measured when it was possible to partition the hall by 

raising or lowering dividers. As a result, the Tr for 17 

configurations were measured in the six halls (the 

configurations are described in more detail in [36]). In the 

Swiss database, 14 configurations have absorption on the 

ceiling and the walls (82%), two have absorption on the 

ceilings only (12%), and one configuration has no 

absorbing surfaces (6%). 

Figure 4 shows the Tr for the halls from our measurements 

as a function of volume and the locations of sound 

absorbing materials (colour of markers), as well as the 

maximum Tr requirement from the German standard. Nine 

hall configurations comply with the standard, all of which 

have absorption on the ceiling and the lower parts of all four 

walls, whereas none of the halls without absorbing walls 

meet the standard. There are five hall configurations which 

have absorbing ceilings and walls, but that do not meet the 

standard (two are in hall B, one is in hall D and two are in 

hall F).  

Hall B is a two court hall (V = 9300 m3) and has an 

absorbing ceiling and absorbing panels on the lower part of 

the two short walls (with the two long walls parallel and 

reflecting). None of hall B’s configurations comply with the 

standard.  

Hall D is a three court hall (V = 12 300 m3) and has an 

absorbing ceiling and absorbing panels on the lower part of 

all four walls. Only 1 out of the 6 measured configurations 

does not comply with the standard, which corresponds to 

the middle court when the dividers are down. This leads to 

a court with two parallel reflective surfaces (dividers), 

which leads to flutter echoes and higher reverberation times 

compared to the single courts at the extremities, which have 

three absorbing walls (see Figure 5).  

The last two configurations that do not comply with the 

standard are in hall F, which is also a three-court hall 

(V = 16 300 m3) with an absorbing ceiling, as well as 

absorbing panels on the lower part of all four walls and on 

the upper part of the dividers. The triple court and the two 

single courts at the extremities fulfil the standard’s 

requirements, whereas the middle court with dividers 

deployed (same as hall D) and the double court with only 1 

of the dividers deployed do not. The Tr in these two 

configurations barley exceed the requirements. It is 

important to note that considerable constructive measures 

were introduced to reduce the reverberation time in hall F. 

This shows that despite excellent acoustic treatment, middle 

courts of triple halls will generally not be able to meet the 

standards. The only solution seems to be having absorbing 

materials on the lower sections of the dividers. 

 

Table 1. Summary and sources of the halls from the 

Swiss and international database 
Database No. Halls No. Configurations Reference 

Swiss 6 17 [36] 

UK 9 9  [1] 

Jordan 11 11 [3] 

UK 1 1 [7] 

UK 3 3 [9] 

Portugal 14 14 [13] 

Italy 6 6 [15] 

USA 2 2 [19] 

Total 52 63  

4.2 International reverberation database 

The Swiss and international reverberation time databases 

from scientific papers [36,1,3,7,9,15,19] and the 

corresponding information about the absorbing surfaces and 

hall sizes are presented in Figure 3 (halls from literature 

smaller than 1000 m3 were discarded). 

The joint database of our Tr measurement results and those 

found in literature consists of 63 configurations in 52 halls. 

18 configurations have absorbing panels on the ceiling and 

the walls (29%), 7 have absorbing ceilings only (11%), 1 

hall has absorbing walls only (1%) and 37 halls have no 

absorbing surfaces (59%). Logarithmic regression curves 

are shown for each group of halls.  
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Figure 2. Comparison of the different maximum reverberation time requirements from the standards analysed as 

a function of volume. The British BB93 standard is not shown as the maximum Tr is a function of area 

 

Figure 3. Tr measurement results from the Swiss and international database, consisting of 63 configurations in 52 

sport halls. The results are split into groups according to the absorbing surfaces in the halls (no absorption, 

absorption on ceiling or absorption on ceiling and walls) and regression lines are fitted to each group. The 

requirements for the maximal Tr in sport halls from various standards are also shown. 
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Table 2. Set of standards which have a maximum reverberation time as the requirement for sport halls 

Country Standard Requirement (Maximum Tr ) Comment 

Germany 

2004 [26] 

DIN-

18041:2004 

1.2 (-2.49+1.27 Log(V)) 

 

3.00 s 

2000 m3 <V <8500 m3 

 

V ≥ 8500 m3: 

Also the old Swiss 

standard (SIA181:2006) 

Germany 

2016 [27] 

DIN-

18041:2016 

1.2 (0.75 Log(V)-1) 

 

2.40 s 

200 m3 < V < 10’000 m3 

 

V  ≥ 10’000 m3 : 

Also current Swiss 

(SIA181:2020) and 

Italian (UNI 11532-

2:2020) Standard 

France 1992 

[28] 

NF P90-207 : 

1992 

0.14 V(1/3) 

 

2.7 s 

V < 7173 m3 

 

V ≥ 7173 m3 

Additionally :  

D2,s > 4 dB 

Poland 2015 

[30] 

PN-B-02151-

4:2015-06 

1.5 s 

 

1.8 s 

V < 5000 m3  

 

V ≥ 5000 m3  

 

USA 2002 

[31] 

ANSI S12.60-

2002 

0.6 s  

 

0.7 s  

V < 283 m3 

 

284 m3 < V < 566 m3 

 

Finland [32] A-Y-o-r-ä 2018 1.2 s V < 1500 m3  

Portugal 2002 

[33] 

Decreto-Lei n.º 

129/2002, artigo 

9.1 

0.15 V(1/3) 

 
0.12 V(1/3) if P.A system 

present 

Netherlands 

2005 [34] 

NOC NSF-US1-

BF1 : 2005 

Maximum Tr given for 12 typical gym dimensions (see Figure 2) 
 

UK 1993 [35] 
Building 

bulletin 93 

1.5 s 

2-(530-S)/500 

2.0 s 

S < 280 m2 

281 m2 < S < 530 m2 

S > 531 m2 

Based on area of sports 

hall  

 

 

 

Figure 4. Reverberation times for the 17 hall 

configurations from the Swiss database according to 

the positions of acoustic surfaces. The labelled halls 

are discussed in Section 4.1. The black line represents 

the German standard maximum reverberation time 

requirements. 

 

 

Figure 5: Example of a three-court hall with dividers 

where only the middle court does not meet the 

German standard. 
 

Hall F 

Hall D 

Hall B 
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4.3 Discussion of international database 

15 of the 63 configurations (24%) fulfil the German 

standards’ requirements. Considering only the halls larger 

than 3000 m3 (normal size for hall with one basketball 

court), 10 out of 44 configurations (23 %) fulfil the 

requirements (furthermore, none of the halls bigger than 

3000 m3 comply with the stricter Polish and Dutch 

standards).  

The database shows that the only way to fulfil the German 

standards’ requirements for halls larger than 3000 m3 is to 

have absorption on the ceiling and the lower part of all four 

walls. In the database, five halls have absorbing materials 

on the ceiling and on the upper parts of the walls, but none 

of them meet the requirement. None of the halls studied 

have absorbing surfaces on the lower part of only two 

adjacent walls. Therefore, it cannot be determined whether 

these halls would fulfil the German standard requirements.  

Future work comparing the reverberation times in halls with 

absorbing surfaces on the lower parts of either two adjacent 

walls or all four walls would be very useful in optimising 

the design of halls. 

The regression line for halls with no absorption (orange 

dotted line) shows that without any absorption the 

reverberation time increases relative to 1.6 times the log of 

the volume. The graph also shows that if left without 

acoustic treatment, the reverberation time in large sport 

halls (V > 10 000 m3) will vary from 6 s to 8 s!  

The regression line for halls with absorption on the ceiling 

only (blue dotted line) shows that the reverberation time 

increases relative to 0.8 times the log of the volume. 

Moreover, it shows that halls with absorbing ceilings 

comply the old German standard 50 % of the time.  

The regression line for halls with both ceiling and walls 

absorbing (blue dotted line) shows that the reverberation 

times in these halls does not depend on the volume (the 

increase in volume and the increase in absorption area seem 

to cancel each other out).  

The dispersion of the Tr values for halls with similar 

volume within each group can be explained by the 

difference in hall shapes, absorption performance of the 

materials, different Tr measurement methods and 

technicians as well as the detail in geometry in each of the 

halls. 

5. REVERBERATION TIME PREDICTION 

Building planners often need convincing to integrate 

absorbing surfaces on the ceiling and the lower part of the 

walls. Indeed, the economic and practical drawbacks of 

absorbing surfaces, especially on the lower part of the hall’s 

walls will often push them to seek other solutions. The prior 

part of this work shows that without absorbing walls on the 

ceiling and the lower part of all four walls there is a high 

risk of not complying with any of the standards (except for 

the Portuguese standard, where an absorbing ceiling seems 

to be enough). But most often the planners will request 

simulations or calculations to prove or optimise the 

absorbing surfaces. 

Thus, acousticians are expected to accurately calculate the 

reverberation time in sport halls and to find the least amount 

of absorbing materials to integrate into a project to meet the 

required standard.  

There are two main methods for calculating the 

reverberation time in sport halls; statistical methods (for 

example Sabine equation), or geometrical methods (for 

example ray-tracing in 3D models). The calculation 

methods, as we will see, are relatively accurate for halls 

with diffuse sound fields (either absorbing surfaces on 

ceilings and lower walls, or no absorbing surfaces at all), 

but are quite unreliable for halls with inhomogeneous 

absorbing surfaces (absorbing ceiling only) [7].  

5.1 Statistical methods 

Statistical methods are the quickest and easiest methods to 

calculate the reverberation time in sport halls. One needs to 

plug the hall’s volume, sound absorption surface areas and 

sound absorption coefficients into one of the corresponding 

equations (Sabine, Eyring, Knudsen, etc). Absorption 

coefficients can indeed be found easily, but often come with 

a high level of (measurement and selection) uncertainty. 

Statistical methods are accurate for halls with diffuse sound 

fields and exponential decay of sound, which are conditions 

found in spaces where the absorbing surfaces are 

homogeneously distributed or in spaces with high diffusion.  

However, halls with absorption on the ceiling and reflective 

walls do not have diffuse sound fields. The multiple 

reflexions of sound in the lower part of the hall are not 

taken into account in the statistical method [17], but they 

will be measured in situ (parallel reflective surfaces at the 

source and receiver height). Because of this, statistical 

methods will tend to largely underestimate the Tr in halls 

with non-diffuse sound fields. 

5.2 Ray Tracing 

The more sophisticated ray-tracing methods allow the input 

of the positions and absorption coefficients of the different 

surfaces, as well as the positions of the sources and the 

receivers, and can thus model the specific conditions in 

which in-situ measurements are performed (source and the 
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receiver are at head height). This is especially an advantage 

for modelling halls with non-diffuse sound fields where the 

sound field at head height is defining for both the Tr 

measurement results and the subjective experience of the 

users. 

Ray tracing methods require absorbing and scattering 

coefficients. One of the main difficulties with ray-tracing 

simulations of sport halls with non-diffuse sound fields 

(absorption on ceiling only) is that the reverberation time 

results are extremely sensitive to the scattering coefficients 

attributed to the lower parts of the walls. Even though a 

standard exists for measuring scattering coefficients [37], 

there are very few available resources [21], in particular due 

to the difficulties in obtaining reasonable data for a wide 

frequency range and the lack of laboratories available that 

measure scattering coefficients.  

If the scattering coefficients for the lower part of the walls 

are too high the simulations will underestimate the 

reverberation time (rays will be prematurely sent to the 

absorbing ceiling). If on the contrary the scattering 

coefficients are too low, the reverberation time results will 

depend greatly on the chosen absorption coefficients of the 

lower walls [6,14]. Experience is thus very helpful when 

choosing scattering and absorption coefficients to achieve 

realistic and satisfactory results. 

6. CONCLUSIONS 

Nine building standards from several countries addressing 

the room acoustics of sport halls are analysed. The 

requirements from these standards are all based on a 

maximal reverberation time. It is observed that there is a 

large discrepancy of the value between the standards. 

A database of the reverberation times from 52 halls (six 

from our own measurements and 46 from scientific 

literature) are analysed as a function the locations of sound 

absorbing materials and are compared to the standards’ 

requirements. Only 23% of halls larger than 3000 m3 

(which is the typical size for a hall with one basketball 

court) fulfil the German DIN 18041:2016 standards’ 

requirements. Analysis of the database shows that only halls 

with absorption on the ceiling and the lower part of all four 

walls fulfil the requirements. In the database, none of the 

four halls larger than 3000 m3 and with only absorption on 

the ceiling fulfil the standards’ requirements. Unfortunately, 

the database does not contain any halls with absorption on 

the ceiling and on the lower part of only two adjacent walls. 

Further work would be useful to determine this could be a 

sufficient acoustic treatment to fulfil the standards’ 

requirements. It is also shown that in large halls (V > 

10 000 m3) with 3 basketball courts, the reverberation times 

of the middle courts with dividers down never fulfil the 

requirements (even if all other configurations of the same 

hall do). This is because the lower parts of the dividers are 

never absorbing. Three empirical regression models for Tr 

are calculated from the database according to the position of 

absorbing surfaces. The regression line for halls with no 

absorption increases relative to 1.6 times the log of the 

volume. The regression line for halls with absorption on the 

ceiling only shows that the reverberation time increases 

relative to 0.8 times the log of the volume. The regression 

line for halls with both ceiling and walls absorbing shows 

that the reverberation times in these halls does not depend 

on the volume (the increase in volume and the increase in 

absorption area seem to cancel each other out).  

7. REFERENCES 

[1] Conetta, Robert, et al. "Acoustics of indoor sports halls 

and gymnasia." Gymnasium 40 (2012): 1-5. 

[2] Nowicka, Elżbieta. "Acoustical quality assessment of 

sports facilities." 16th International Conference on 

Noise Control. Vol. 13. (2013) 

[3] Al-Arja, Omaimah Ali. "Acoustic Environment and 

Noise Exposure in Fitness Halls." Applied Sciences 

10.18 (2020): 6349. 

[4] Popovic, Svetislav G., Sanja Paunovic Zaric, and Irena 

Rajkovic. "Analysis of sports halls in terms of 

eliminating noise: case study on an example in 

podgorica, montenegro." Sport Mont 18.1 (2020): 25-

31. 

[5] Eggenschwiler, Kurt. "SIA 181: 2006 Schallschutz im 

Hochbau Raumakustik von Unterrichtsräumen und 

Sporthallen.„ 

[6] Hornikx, Maarten, Constant Hak, and Remy 

Wenmaekers. "Acoustic modelling of sports halls, two 

case studies." Journal of Building Performance 

Simulation 8.1 (2015): 26-38. 

[7] Wallace, Daniel, and Jack Harvie-Clark. 

"Reverberation times in school halls: measurement 

oddities and modelling." Forum Acusticum: Krakow, 

Poland (2014) 

[8] Don Oeters. «The effect of scattering objects on 

measured reverberation times in sport halls» Acoustics 

in Practice Vol. 2 (2014) 

[9] Harvie-Clark, Jack & Wallace, Daniel & Dobinson, N. 

& Larrieu, F. (2014). Reverberation time, strength & 



10th Convention of the European Acoustics Association 
Turin, Italy • 11th – 15th September 2023 • Politecnico di Torino 

 

 

clarity in school halls: Measurements and modelling. 

36. 121-138.  

[10] Iannace, Gino, et al. "Acoustical conditions and noise 

exposure inside school gymnasia and swimming 

pools." Proceeding of the 6th European Conference 

on Noise Control (2006). 

[11] Del Brenna, Gabriele. "Noise Level in Indoor Sports 

Facilities and Factors Affecting the Acoustic 

Environment." (2021). 

[12] Nijs, L., and A. Schuur. "Expressing legal demands in 

acoustical quantities; is the reverberation time a good 

predictor for the speech intelligibility in a sports hall?." 

Research in Building Physics. CRC Press, 2020. 879-

887. 

[13] Carvalho, Antonio P., and Carla C. Barreira. "Sound 

and noise in high school gymnasiums." Proceedings of 

Meetings on Acoustics 167ASA. Vol. 21. No. 1. 

Acoustical Society of America (2014) 

[14] Wattez, Yvonne, Martin Tenpierik, and Lau Nijs. "The 

influence of profiled ceilings on sports hall acoustics: 

Ground effect predictions and scale model 

measurements." Applied Acoustics 130 (2018): 156-

167. 

[15] Iannace, Gino, et al. "Acoustical conditions and noise 

exposure inside school gymnasia and swimming 

pools." Proceeding of the 6th European Conference 

on Noise Control (2006) 

[16] Rossi, en collaboration avec le Service de l'éducation 

physique et du sport. «Recommandations en matière 

d'acoustique des salles de gymnastique» (1991) 

[17] Gober, H. «Nachhallzeiten in sporthallen» 

[18] Fraunhofer Institute für Bauphysik. «Lauter Sport in 

leisen Hallen – Akustische Gestaltung von Sport- und 

Schwimmhallen» (2015) 

[19] Penmann. «Reverberation & noise levels in sport» 

(1977) 

[20] Secrétariat d’Etat à l’Environnement. «Maitrise de 

l’acoustique dans les équipements de sport» (1989) 

[21] Cox, Trevor J., et al. "A tutorial on scattering and 

diffusion coefficients for room acoustic surfaces." 

Acta Acustica united with ACUSTICA 92.1 (2006): 1-

15. 

[22] Protection contre le bruit dans le bâtiment : Questions 

et réponses (FAQ) sur la norme SIA 181 :2020, Aout 

2022 

[23] Astolfi, Arianna, et al. The new Italian standard 

UNI 11532 on acoustics for schools. 

Universitätsbibliothek der RWTH Aachen, 2019. 

[24]  Fitzroy, D. “Reverberation formulae which seems to 

be more accurate with non-uniform distribution of 

absorption”, The Journal of the Acoustical Society of 

America, Vol. 31, 893-897 (1959) 

[25] ISO 3382-2:2008. Acoustics – Measurement of room 

acoustic parameters- Part 2: Reverberation time in 

ordinary rooms 

[26] DIN 18041 – Hörsamkeit in kleinen und 

mittelgroßen Räumen (Acoustic Quality in 

small and medium-sized rooms), Mai 2004 

[27] DIN 18041 Hörsamkeit in Räumen —

Anforderungen, Empfehlungen und Hinweisefür die 

Planung (Acoustic quality in rooms –Specifications 

and instructions for the roomacoustic design), 2016 

[28] NF P90-207  Salles Sportives, 1992 

[29] UNI 11532 “Internal acoustical characteristics of 

confined spaces, 2020 

[30] PN – B – 02151 – 4: Building acoustics. Protection 

against noise in buildings. Reverberation and speech 

intelligibility requirements in enclosures, 2015  

[31] ANSI S12.60 Acoustical performance criteria, design 

requirements, and guidelines for schools, 2002 

[32] Ääniympäristö Ympäristöministeriön ohje 

rakennuksen äniympäristöstä, 2018 

[33] Decreto-Lei n.º 129/2002, artigo 9.1, 

https://dre.pt/dre/detalhe/decreto-lei/129-2002-368263  

[34] NOC NSF-US1-BF1 Nagalmtijden en 

achtergrondgeluidniveau, 2005 

[35] Department for Education and Skills. Building 

Bulletin 93: Acoustic Design for Schools 

[36] Désarnaulds, V. Acoustique des salles de 

gymnastiques, présentation à la journée d’automne 

2022 de la SGA 

[37] ISO 17497-1: 2004. (2004). Acoustics—Sound-

Scattering Properties of Surfaces—Part 1: 

Measurement of the Random-Incidence Scattering 

Coefficient in a Reverberation Room.

https://dre.pt/dre/detalhe/decreto-lei/129-2002-368263

