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Sound level spectra of music facilities for calculating noise in the environment
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Music facilities represent significant sources of elevated environmental noise levels in urban areas. This
study investigates indoor sound level spectra for two categories of music facilities, namely clubs and
discotheques. The measured spectra are further compared with two standardized reference spectra defined
in ISO 717-1. The present article provides an extended analysis of sound level spectra associated with music
facilities, complementing the author’s previous study with five additional measurement cases.

1 Introduction

Amplified music emitted from public entertainment venues has increasingly been recognized as a source of
environmental noise nuisance in urban areas [1,2]. Bars, pubs, clubs, and discotheques constitute established elements of
contemporary urban environments and are frequently integrated within mixed-use or residential building structures. Due
to the deployment of high-power audio systems capable of producing high sound pressure levels, particularly in the low-
frequency range, these noise sources present considerable challenges for the development of effective mitigation
strategies.

In order to calculate noise in the environment, two different sound level spectra which are suggested in the ISO
717-1 [3] standard could be employed. The first one is for noise sources inside the building (Spectrum No. 1, A-weighted
pink noise) and the second one for traffic outside the building (Spectrum No. 2, A-weighted urban traffic noise).
According to the ISO 717-1 standard, several different noise sources could be attached to those two sound level spectra.
On the one hand, living activities, children paying, railway traffic at medium and high speed, highway road traffic at
speeds higher than 80 km/h, jet aircraft at short distances, factory emitting mainly medium- and high-frequency noise,
could be attached to the Spectrum No. 1. On the other hand, urban traffic railway traffic at low speeds, aircraft (propeller
driven), jet aircraft at large distances, disco music, factory emitting mainly low and medium frequency noise, could be
attached to the Spectrum No. 2. According to the ISO 717-1 standard, sound spectra of the most common indoor and
outdoor noise sources lie in the range between those two spectra.

The sound level spectra suggested by the ISO 717-1 standard are also used to calculate single-number quantities,
which are further used for rating the airborne sound insulation. The single-number quantities and the associated spectrum
adaptation terms, C and Cy, are typically calculated using one-third octave bands over the frequency range of 100—
3150 Hz. However, an extended frequency range of 50-5000 Hz is often employed to account for noise sources with
significant low-frequency content. Previous studies [4,5] have demonstrated that low-frequency noise is generally less
tolerated and perceived as more annoying than noise at higher frequencies. Furthermore, the inclusion of low-frequency
components has been shown to improve the correlation between objective sound insulation ratings and subjective



assessments of acoustic performance [6]. Consequently, the use of an extended frequency range is particularly important
when evaluating sound insulation in relation to noise generated by music facilities. The application of a restricted
frequency range or an inappropriate reference spectrum may result in inaccurate sound insulation ratings and the
underestimation of required mitigation measures.

A recent study [7] reported that the reference spectra of modern home audio systems reproducing bass-enhanced
music may exceed those associated with urban traffic noise, thereby contradicting the classification presented in the ISO
717-1 standard. The same standard recommends the spectrum adaptation term Cy for the assessment of airborne sound
insulation with respect to disco music. However, it is reasonable to assume that many entertainment venues generate noise
with pronounced low-frequency content, the spectral characteristics of which may exceed the low-frequency levels
represented by the recommended reference spectrum. Furthermore, the term “disco music” as used in the standard
constitutes a broad classification and warrants further differentiation according to the specific type of entertainment venue
from which the noise originates.

The recent study by the author [8] derived three average sound level spectra for bars/pubs, clubs and discotheques.
The averaged noise spectra obtained for bars and pubs were found to correspond closely to the reference spectrum for
indoor noise sources (Spectrum No. 1) specified in ISO 717-1, whereas the averaged noise spectrum for clubs aligns with
the reference spectrum for outdoor traffic noise (Spectrum No. 2). In contrast, the averaged noise spectrum for
discotheques also exhibits general similarity to the outdoor traffic noise spectrum but is characterized by more pronounced
low-frequency content below 160 Hz and the absence of the spectral peak typically observed around 1000 Hz. To illustrate
the practical implications of this finding, the derived average noise spectrum for discotheques was applied in the sound
insulation rating of four building elements. Differences of up to 11 dB were observed between single-number quantities
Rw calculated using the spectrum adaptation terms for outdoor traffic noise (Cy) and discotheque noise (Csup) With higher
Rw values obtained in the former case. The proposed sound level spectrum for discotheques therefore provides a more
realistic basis for assessing sound insulation performance against entertainment noise with pronounced low-frequency
content.

This paper presents an extended investigation of the sound level spectra associated with music facilities,
supplementing the previous study8 with five additional measurement cases. The methodology employed for data
acquisition is described in the following sections, together with detailed characteristics of the facilities included in the
study. The principal results are subsequently presented and discussed.

2 Methods

Noise monitoring was conducted in five additional music facilities located in Stockholm, Sweden. Three
measurements were obtained during reproduced music playback, whereas two were recorded during live performances.
The investigation focused on the two principal categories of music facilities identified in the previous study [8]:

(1) Clubs, and

(2) Discotheques.

A total of four music facilities of type (1) and a total of one music facility of type (2) were monitored. As in the
previous study, clubs and discotheques chosen in the study produced significant music noise levels. They varied in
complexity of audio systems, type of produced music, size, etc. The main difference between these two types of
entertainment premises is that discotheques had more complex audio systems with several independent subwoofers
producing significant sound levels at low frequencies.

Two measurements were conducted during live performances, one in a restaurant and the other in a small concert
venue. In the restaurant, the performing band employed an audio system comparable to those typically used in club



environments. In the concert venue, the band utilized a sound reinforcement system similar to those commonly found in
discotheques.

All measurements were conducted during peak operating hours, predominantly on weekends, when elevated music
sound levels were expected. No intentional adjustments in the reproduced sound levels were observed during the
measurement periods. The measurements were carried out in agreement with the facility owners, ensuring that staff were
not aware of any regulatory inspection, thereby minimizing the risk of artificially reduced sound levels during the
measurement sessions.

For monitoring purposes, a Norsonic Nor140/Nor145 sound level meter equipped with a class 1 omnidirectional
microphone was employed. The equivalent continuous A-weighted sound pressure level (Lacq) Was recorded over one-
hour measurement periods with a temporal resolution of 1 s. The microphone was positioned at a height of 1.2—1.5 m at
measurement locations selected within the bar and dance floor areas of the clubs, in order to ensure that the recorded
sound level spectra were representative of typical music exposure conditions.

3 Results and discussions

Sound level spectra of recorded indoor entertainment music signals were calculated for the extended frequency
range, i.e. in one-third octave bands with central frequencies 50 Hz - 5000 Hz. The spectra were A-weighted and
normalized to 0 dB, as described in the ISO 717-1 [3] standard. The recorded sound spectra were compared with two
reference spectra, for noise sources inside the building (Spectrum No. 1) and traffic outside the building (Spectrum No. 2),
also defined by the same standard. The results are shown in Fig. 1.
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Figure 1: Sound level spectra of different music facilities. Spectra are A-weighted and normalized to 0 dB.

As indicated in ISO 717-1, most of the recorded spectra cluster around the two standardized reference spectra,
Spectrum No. 1 and Spectrum No. 2, with one notable exception. Specifically, the spectrum recorded in the discotheque
exhibits higher sound pressure levels in the low-frequency range compared with those measured in clubs. Although the
discotheque measurement was conducted during a live rock band performance, a pronounced low-frequency content
remained dominant. This observation is consistent with the findings of the previous study, which suggested that the
characteristics of the audio system, rather than the musical genre, primarily determine the resulting noise level spectrum.

A comparison between the newly recorded spectra and the average spectra obtained in the previous study is
presented in Fig. 2. The updated average sound spectrum for clubs shows close agreement with the previously reported
spectrum for frequencies above 160 Hz, while exhibiting slightly lower levels in the low-frequency range. The
corresponding results are shown in Fig. 2a. In contrast, the updated spectrum for discotheques displays marginally lower
levels at the lowest and highest frequency bands, and slightly higher levels in the mid-frequency range. The results are
also presented in Fig. 2b. Nevertheless, the newly obtained spectra exhibit the same general trends as those observed in
the previous study.
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Figure 2: Average sound level spectra for different types of entertainment premises. Spectra are A-weighted and
normalized to 0 dB.

In order to apply the measured sound spectra for the prediction of environmental noise levels, the spectra must be
normalized to the expected indoor sound pressure levels in the relevant music facilities. Table 1 presents the measured
equivalent continuous A-weighted sound pressure levels Lacq. These results may serve as an indication of typical sound

pressure levels encountered in operational music venues.

Table 1: Recorded equivalent sound pressure levels Laeq in different types of music facilities.

Club1 | Club2

Club 3

Club 4

Discotheque

LAeq 105 103

83

98

101

4 Conclusions

The results presented in this study suggest representative sound level spectra for clubs and discotheques that may be
applied in the prediction of environmental noise emissions from music venues. The average spectrum for clubs shows
good agreement with the reference spectrum for outdoor traffic noise (Spectrum No. 2). In contrast, the spectrum for
discotheques exhibits overall similarity to the same reference spectrum but is distinguished by more pronounced low-
frequency content below 160 Hz as well as the absence of the spectral peak typically observed around 1000 Hz. The
newly obtained spectra are consistent with the general trends reported in the author’s previous study.
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