Quarterly Scientific Journal of Technical and Vocational University
Winter 2023, Vol. 19, No. 4, p. 323-347

Journal homepage: https://karafan.tvu.ac.ir/?lang=en TVU

d :10.48301 /KSSA.2023.361415.2281

open P E-ISSN: 2538-4430
%% Original Research ISSN: 2382-9796

Assessment of Acoustic Satisfaction at Metro Stations from
an Objective and Subjective Point of View (Case Study:
Metro of Tehran and Tabriz)

Paria Meshkabadil‘*, Abbas Ghaffariz*~’, Elham Nazemi3“', Narges Dehghan+

IPhD Student, Department of Architecture, Najafabad Branch, Islamic Azad University, Najafabad, Iran.
2Visiting Professor, Department of Architecture, Najafabad Branch, Islamic Azad University, Najafabad, Iran
Associate Professor, Faculty of Architecture and Urbanism, Tabriz Islamic Art University, Tabriz, Iran.
3Assistant Professor, Department of Urban Planning, Najafabad Branch, Islamic Azad University, Najafabad, Iran.
“+Assistant Professor, Department of Architecture, Najafabad Branch, Islamic Azad University, Najafabad, Iran.

ARTICLE INFO ABSTRACT

Received: 10.05.2022 The provision of sound comfort and speech intelligibility in metro stations also
Revised: 12.09.2022 contribute to the mental and physical discussions of individuals in addition to
Accepted: 01.15.2022 safety and security. In acoustics, an objective evaluation alone is not sufficient to

determine acoustic satisfaction and there is a need for subjective evaluation.
Therefore, the purpose of this research was evaluation of acoustical satisfaction
Keyword: in metro stations in terms of quantity and quality with descriptive-experimental
Acoustic satisfaction methods. The required data was collected through field studies that included
Metro station measurement of physical parameters (SPL and RT) as well as questionnaires to

. L better understand the audience and measure their satisfaction with the five
Speech intelligibility effective components in acoustic quality (auditory, speech, human, functional
Sound pressure level and architecture) and analyzed in two EXCEL and SPSS software. A comparison
Reverberation time with international standards was made in the scope of physical measurements
and recognition of the underlying variables to determine the satisfaction, the
relationship between the factors influencing the acoustic satisfaction with the

*Correspondipg Author: demographic variables which research in humanities is looking for. The analysis
Abbas Ghaffari of the collected data indicated that the SPL and RT did not follow the relevant
Email: ghaffari@tabriziau.ac.ir standards. The main factors of dissatisfaction from people’s points of views

included mechanical, dynamic and speech reflection in metro stations, which
produce significant noise, and have a great impact on safety and security and the
performance of public address systems. Furthermore, satisfaction of users had a
significant correlation with variables such as gender, age, number of trips during
the day, and auditory ability of each individual.

! This article is extracted from the first author's doctoral dissertation entitled “an Acoustic model for
Metro Stations in order to Auditory Satisfaction (Case studies: Cities of Tehran, Tabriz and Isfahan)”
which was undertaken under supervision of the second and the third authors and advice of the fourth
author at Islamic Azad University, Najaf Abad Branch.

& ©2023 Technical and Vocational University, Tehran, Iran. This article is an open-access article
= distributed under the terms and conditions of the Creative Commons Attribution-Noncommercial 4.0
International (CC BY-NC 4.0 license) (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
https://karafan.tvu.ac.ir/?lang=en
https://karafan.tvu.ac.ir/article_165831.html?lang=en
https://orcid.org/0000-0001-7644-0561
https://orcid.org/0000-0001-9302-3209
https://orcid.org/0000-0002-8764-5711
https://orcid.org/0000-0003-4496-2917
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796

Paria Meshkabadi and et al. Assessment of Acoustic Satisfaction at Metro...

EXTENDED ABSTRACT

Introduction

Noise pollution is an environmental pollutant that is known as a real threat to human health and
quality of life. The minimum damage that noise can cause is impair performance. Speech intelligibility
is seen as the main factor in the legibility of space due to exposure to noise coverage. Considering the
importance of sound comfort and speech intelligibility in users’ satisfaction and listening massages in
metro stations, it is necessary to investigate the acoustical satisfaction of metro stations from objective
and subjective dimension to improve acoustical conditions. In fact, the question addressed in the
present research is related to level of user satisfaction with the acoustical quality of metro stations and
the elements included. In addition, the relationship between user satisfaction and physical parameters
is also addressed.

Methodology

This research used a descriptive-analytical method and its data was obtained using measurement
tools and a questionnaire. Two effective physical parameters on the determination of acoustic
performance (Sound Pressure Level and Reverberation Time) were measured using sound level meter
(2260 B&K), omni directional speaker and amplifier at two case samples in the city of Tehran and two
case samples in the city of Tabriz.

Figure 1. Right: 2260 B&K Sound level meter; Left: omni directional speaker.

The questionnaire evaluated the subjective factors affecting acoustic satisfaction from the point of
view of people present. The questionnaire was designed and prepared in the form of closed questions
with a Likert scale ranging from completely agree to completely disagree in two parts of demographics
and survey.

The selection of case studies was based on the volume and type of the architectural design (side or
island) in order to classify and evaluate the results.

Table 1. Properties of metro stations (Source: Authors).
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Results and discussion

The findings of the study were based on the survey and analysis of the questionnaire through SPSS
software and related tests and extracting the plots from field measurements with Excel software. The
questionnaire data was investigated in two terms of descriptive and inferential statistics, and field
measurements of sound pressure level and reverberation time were expressed by determining the
minimum, median and maximum data.
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Figure 2. Maximum, median and minimum sound pressure level in two empty stations mode (right) and
full mode (left).
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The research findings revealed that metro stations in an empty state (without the train), have
background noise higher than international standards in the field of sound pollution (55 dB), and this
is in conflict with the sound comfort of the users and particularly the personnel. Excessive background
noise causes the mask of sound massages in emergency situations and creates fear and stress.

The human auditory limits range between 500 to 4000 Hz. Due to the higher level of the sound
pressure of the metro stations, in this frequency domain, the acoustic satisfaction which is derived from
the five components of audio, speech, functional, human and architectural space was reduced. Humans
hear at low- frequency sounds ranging from 500 and over 4000 Hz to less intensity, and the closer the
hearing range, the greater the amount of irritation caused by noise.

The longer the echoes, the longer the time needed to completely cut off the sound; and the longer
the time, the higher the level of speech intelligibility due to the interference of words. The measured
data shows that the mean and maximum reverberation time was above 2 seconds, so the reverberation
time is quantitatively non-standard and not within conventional range.
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Figure 3. Aggregation of maximum, median and minimum reverberation time in case studies.

Since metro stations are very long compared to their width and height, with the movement of the
train and the sound waves hit the smooth and polished surfaces and create many reflections along the
length of the space. In this case, the acoustic performance and satisfaction of users of space are directly
related and can be one the factors of dissatisfaction and confusion.

The results of the survey also confirmed that the users of the metro stations were dissatisfied
with the acoustic performance and their satisfaction was due to mechanical, dynamic and speech
reflection factors in space and other factors are in the lower order. This indicated that the level of
background noise, the sound of the train, and the reverberation time are quantitatively similar to
subjective assessment.

Conclusion

Physical components were used in quantitative and objective evaluations and human components
were used in qualitative and subjective evaluation of environmental conditions. Speech intelligibility,
which is caused by noise or high sound pressure level, affects the performance and quality of the
environment and causes dissatisfaction among users. Headaches, confusion, lack of communication
with others and focus on the environment, and hearing loss are caused by physical and psychological
damage due to equipment noise, movement and brake of trains, human components, reflection of all
sounds in large spaces and not considering acoustic levels in architectural designs.

Comparing the results of sound harvesting at metro stations with the opinions of users of the
spaces indicate that both types of metro stations under study were higher than international
standards in terms of sound pressure level and reverberation time and thus unacceptable.
Therefore, their acoustical quality was low which could lead to people’s dissatisfaction. In island
stations, depending on the size, the type of platform placement and communication devices and air
conditioning in the space, the possibility of controlling and reducing the noise was more limited than
the side platforms, and due to the increasing use of this type of platforms in the metro industry, it
requires a great deal of attention.

To improve the acoustic conditions, it is recommended to use architectural elements that reduce
the volume of space and the reverberation time in order to reduce and control the noise according to
the architecture of the space. The materials with low absorption coefficients should not be used as
much as possible. Porous, hollow surfaces and special absorbers should be increased. Additionally,
forms that concentrate sounds should be used less so as not to prevent sounds from leaving.
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