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{amount of sound exposure that the ear can tolerate is determined. Architecture limits
iand frames sound. This causes the sound to behave differently indoors than outdoors.
iThe type of difference is sometimes desirable and sometimes undesirable, and this is
§due to different architectures. There are many effective components in the formation of
i architecture and the physical structure of a place. However, early studies in Acoustics for
i architecture, exemplified by Sabine's formula, placed emphasis on the size, materials, and
i surface area of space as the most important factors in shaping its acoustics. As mosques
fare of a particular function in terms of acoustics, they require multiple behaviors in this
gﬁeld. An acoustically ideal mosque should not only provide quiet spaces for individual
i concentration, but also distribute sound effectively for collective use. According to Sabin's
i formula, this can be achieved through careful consideration of the volume, materials, and
gsurface area of the space.

ETHODS: The purpose of this study was to investigate how changes in volume affect

the acoustic behavior of mosques. To achieve this, the study aimed to maintain
%consistent parameters affecting sound measurements to analyze the impact of volume
i variations on the acoustic behavior of mosques. Findings suggest that traditional mosques
{with smaller volumes generally have more homogeneous sound behavior and exhibit
S higher sound pressure levels throughout the space. In contrast, larger mosques may have
%areas with high sound pressure levels but inconsistent sound behavior. The study was
i conducted in two phases - a theoretical phase and a field study - focusing on analyzing the
i acoustic behavior of mosques using advanced tools to obtain accurate results. The main
i objective of the research was to differentiate between acoustics in different volumetric
%types and identify effective techniques. In order to measure the Reverberation time, the
§2260 device of B&K Denmark has been used, and several points have been measured
{in mosques depending on the size of the plan surface. The SINUS Acoustic Camera was
i utilized for imaging purposes and was operated in two positions. During the first stage, the
§samp|es' overall noise level was recorded. In the second position, the sound source was
utilized. In all instances, the position of the source in the Mihrab was taken into account.
i This was done to simulate the preacher's typical placement in the Mihrab. The selected
i frequency range is up to 10 kHz.

INDINGS: The findings indicate that all samples had a consistent sound distribution of

94 decibels. However, the largest volume exhibited the lowest sound pressure level,
while the smaller volumes had higher sound pressure levels in proportion to their size. This
i shows that the effect of loud noises in space is much less felt with increasing volume. This
i acoustic event intensifies with increasing frequency and the effect of volume is less at low
i frequencies. On the other hand, increasing the volume increases the reverberation time,
and this change, in contrast to the SPL, is greater at lower frequencies. In other words, the
ivolume at lower frequencies is an effective factor in changes in the reverberation time
iand does not play a significant role in the reverberation time of space at high frequencies.
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ONCLUSION: The results show that increasing the volume in the same structure of
the samples reduces the sound pressure level in the building and, at the same time,
{increases the reverberation time. This is directly dependent on the frequency, and at
i lower frequencies, increasing the volume has less effect on the sound pressure level. In
i the reverberation time factor, the frequency behavior is inverse and the volume will be
less effective at higher frequencies, which proves the acoustic balance in the samples. The
i three factors of volume, reverberation time, and sound pressure level vary in relation to
i the frequency range. The relationship between volume, reverberation time, and sound
i pressure level also varies depending on the frequency spectrum. This finding will be
§effective in designing mosques with a similar structure because the reverberation time
i and the desired sound pressure level can be predicted depending on the desired volume.
On the other hand, since a standard amount is defined for reverberation time in mosques
i and other settings, the volume of the space can be designed, and the sound pressure level
can be adjusted to achieve the desired Reverberation time.

{ HIGHLIGHTS:

i - The overall sound behavior in mosques with lower volumes is more homogeneous, the
Sound Pressure Level in totality of the space is higher and in larger samples, multiple
i places are created with high but heterogeneous Sound Pressure Level.

- In the same structure and architecture, increasing the volume will decrease the SPL and
{increase the RT.

- The effect of volume on RT and SPL is dependent on frequency and at lower frequencies,
i volume differences have less effect on SPL. For the RT factor, the behavior of the frequency
iis reversed and the volume has less effect on the RT at higher frequencies.
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Table 1. Sample studies conducted in the field of acoustics in worship spaces

Research year Research title

Research tools

Achievements

2012 Evaluation of acoustic quality Field Reverberation time is decreasing from low to high frequencies, which
of Yazd Grand Mosque measurement and is considered due to brickwork and decorations in the building.
simulation
2013 Investigating the role of the Library study It is dedicated to the relationship between architecture and acoustics
height of the main dome in the in a worship space and the main concern of the researcher in this
acoustics of Imam Mosque in research is the desired Intelligibility of the preacher's voice, which
Isfahan was done naturally during the construction of the mosque without
electro-acoustic equipment and can only be justified by architectural
solutions. According to the researcher, one of these factors is the
height of the dome of this mosque.
2014 Investigating the effect of Simulation According to the researcher, Moqarnas that built under the dome of
Mogqarnas on the acoustics of the mosque, reduces Reverberation Time by Uniformity
the public space of the mosque the distribution of sound pressure and creating a diffusion field. This
decrease is more pronounced in mosques that are symmetrically
modulated 1in 1 or 2 in 2
2014 Comparing Reverberation Field By comparing RT in mosques and churches, the researchers have
Time in West Churches and measurement and ~ Assessment less RT in mosques and consider it suitable for speech.
Mosques of Qajar Era in library study However, according to researchers, the different functions of the
Tabriz church and the mosque regarding
speech and music make natural the differences in RT.
2017 The formation of space due to Library study It deals with the commonalities of music and architecture and
the conceptual connection analyzes the result in a sample of Iranian worship space. The
between "music-mathematics" relationship between music and mathematics is first examined, and
and architecture (Case study: then music is linked to architecture through a mathematical passage.
the front and ceiling of the The researchers of this study finally emphasize the compatibility of
dome of Sheikh Lotfollah the physical elements of Sheikh Lotfollah Mosque in Isfahan with
Mosque in Isfahan) Iranian music.
2018 Analysis of acoustic design of Library study The sound is distribute
Imam Mosque (Shah Abbasi) throughout the space by Speaking under the dome of the mosque, and
in Isfahan and its expansion in the researcher knows the reason for this in the special form of the
sustainable development first shell of the dome of the mosque. By analyzing the type of dome
issues arches, the reflection and sound propagation are analyzed.
1990 RASTI Measurements in Field About 30mosques from Jordan have been presented that the results
Mosques in Amman, Jordan measurement of which show the high RT in mosques of this country. Finally, the
research concludes by providing solutions to deal with the poor
acoustics of these mosques and the need to isolate this building from
external noise and increase the amount of absorption inside the space.
1997 Relationships between speech Field Researcher of this study As a result of this research, which is taken
intelligibility and objective measurement and from his PHD thesis considers the tested spaces in terms of speech
acoustical parameters or human study comprehensibility in poor grading. After researching about churches

architectural features in
catholic churches

from the 16th century onwards, he concluded that speech
comprehension capacity generally declined to the Renaissance and
improved significantly in the Baroque style.
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Table 1. Sample studies conducted in the field of acoustics in worship spaces

Research year Research title

1998 Assessment of Speech
Intelligibility in Large
Auditoria
Case Study: Kuwait State

Mosque

Research tools

Field
measurement

Achievements

The research analyzes speech Intelligibility in the main nave of the
Kuwait State Mosque. researcher refers to this space as MPH (main
prayer hall) and acknowledges that although in architecture and
traditional views, the use of materials has been used to amplify the
sound of the naves; In this study, the discussion of speakers and
microphones is also considered. The research mainly refers to the
location of weak acoustic areas in order to be able to identify the
correct position of the speakers and evaluate the space of a mosque
from an electroacoustic perspective.

1999 Acoustical problems in
mosques: A case study on the

3 mosques in Istanbul

Calculation

After examining the sound problems in mosques, it tries to provide
specific rules and standards in the field of acoustic science for
mosques. This article obtains the results of research from a study of 3
Ottoman mosques in Istanbul.

2000 Speech intelligibility

evaluation for mosques

Calculation

In this study, mosques are referred to as Listening rooms. In this
article, the researcher considers speech Intelligibility in mosques to
be dependent first on the form and shape of the mosque and then on

the good sound system in the mosque. After evaluating Reverberation
Time with the Sabin’s formula, he examines auditory errors
(ALcons) at frequency 200.

2001 Church Acoustics

Library study

It is a guide to better church acoustics that first defines the science of
acoustics and therefore expresses basic definitions such as
absorption, reflection, room size, and RT, and then analyzes how
acoustic issues are recognized in the church. Introduces popular
ethnic and national music in churches and expresses the
characteristics of traditional churches. Finally, it concludes that
natural sound without speakers is much more desirable in churches,
and thus discusses the need for speech Intelligibility and, therefore,
the proper Reverberation Time in churches.

2002 The acoustical history of
Hagia Sophia revived through

computer simulation

2003 An improved model to predict
energy bases acoustic
parameters in Apulian-

Romanesque churches

Simulation

Field

measurement

In this study, ODEON software has been used to simulate 3 mosques
and 3 selected churches in Istanbul and Adrienne. The diagram of
Reverberation Time is presented for all three uses of Hagia Sophia in
two states, full and empty, and the lowest RT, both in full and empty,
is inferred for the use of the mosque in Hagia Sophia.

This study analyzes an advanced model for energy-based prediction
of acoustic parameters in Romanesque churches. For evaluation, 9
churches from 1,500 to 33,000 m3 were selected and used the
comparison
between predictions and field measurements. In all churches, a
frequency of 1 kHz has been selected for measurement

2005 Influences RT to Human

Activities: Method to measure

RT for different Measure RT
For different Mosque

Structure

Field
measurement

Reverberation Time depending on the structure and materials of
mosques is examined. In this article, three types of mosques with
90% wooden structure, 90% concrete structure and mosques with a
combination of several materials with ratios close to 60% concrete,
40% wood and glass have been used, and finally the last type of
mosques with a combination of different materials are the best for
RT. In this study, the Reverberation Time after field measurements
with the Sabin’s formula was also evaluated.

Used sound Reinforcement
systems in mosques today

2007

2008 Subjective study of preferred
listening conditions in Italian

catholic churches

Field
measurement
simulation

Field
measurement and
human study

Evaluates the sound reinforcement systems in contemporary mosques
and expresses the need to use such equipment. In this article, the
researcher believes that 75% of the absorption in mosques or any

other structure occurs with the audience of that space, and therefore
for this purpose, 8 different mosques have evaluated from the point
of the effect of sound systems on acoustic variables. All of these
mosques are selected from Saudi Arabia, and measuring them in their
empty state provides the highest RT.

The title of the article is to study the effect of different musical motifs

on people. During the field study, 9 churches and the architecture and

shape and style of each were evaluated. The aim of this study was to

measure the impact response that was performed on selected

churches with volume from 2000 to 160000m3. RT is estimated from
2 seconds to 12 seconds and 5 musical motifs are used. Finally, a
hearing test is performed on 143 people aged 20 to 60 years. The

results show that despite the usual pattern of observational
parameters, individual preferences with different musical motifs
change fundamentally.

Guidelines for acoustical
measurements in churches

2009

Field
measurement

This study also classifies the acoustics of churches as part of the
cultural heritage that should be preserved as the artistic and
architectural aspects of this buildings. It considers two acoustic poles
for the space of churches, one is the altar and the other is the rostrum,
which play a major role in measuring measurable parameters. In this
study, using the 3382ISO standard, three aspects of measurement are
considered for measurement, one is the selection of the source
position, the other is the selection of the receiver position, and the
third dimension is the Usable equipment.

2011 Mathematical model of speech
intelligibility in mosque with

column pillars

Field
measurement,
calculation

it has studied the mathematical model of speech Intelligibility in
mosques with columned naves. The selected mosques for this project
have a minimum volume of 280 cubic meters and all of them have a
dome and their main problem is that the column surface of these
mosques is covered with reflective surfaces. RT with the help of
Sabin’s formula is one of the variables of this study and all its
measurements have been done in the direction of the Mihrab and in 5
selected mosques.
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Table 1. Sample studies conducted in the field of acoustics in worship spaces

Research year Research title Research tools Achievements
2012 Impact of design decisions on Field Emphasizes the importance of acoustic design simultaneously with
acoustical comfort parameters: measurement the initial steps of the architectural design of a mosque. Simulation
and field measurement are both tools of this study and several factors
Case study of Dogramacizade Simulation including RT have been evaluated. The simulations were performed
Ali Pasa Mosque with ODEON software and the measurements were performed with
B&K equipment.
2016 Absorption characteristics of Laboratory In it, 8 models of carpets used in mosques have been tested
masjid carpets measurements experimentally and in the laboratory in a reverberant room, which has
been designed based on the ISO 354 standard. Each sample was
measured three times, in each of which a different type of flooring in
space was considered. The results show that the absorption
coefficient of carpets while the worshipers are standing in line; It will
be different and more.
2018 Virtual acoustic environment Field This study considers the sound factor and acoustic discussions as part
reconstruction of the measurement of the cultural heritage and believes that in restoration renovations,
hypostyle mosque of Cordoba simulation the sound should also be highlighted. With this view, he has proved
the necessity of the study and analyzed the acoustics of the Cordoba
Grand Mosque with the help of various field measurements and
simulations.
2019 Dome sound effect in the Field Analyzes the effect of the dome on the desirable sound distribution.
church of San Luis de los measurement This study seeks to understand the role of the dome in the perception
Franceses of sound and one of its main views is focused on how important it is
to place the sound source under the dome and the position of the
listeners
2020 The effect of acoustical Field The main concern of the study is the improvement of acoustic
remedies changing the measurement conditions in domed spaces, which are mainly used in worship.

reverberation time for
different frequencies in a
dome used for worship: A
case study

Analyze RT in the Line system and select a space for review that has
a high RT. Spray of acoustic materials on the inner walls of the room
and the dome has been used as a proposed solution and by measuring
the sound transmission level (STT) acknowledges that the material
used has improved the internal acoustic condition.

Table 2. Architectural studies performed with Acoustic Camera

Research year Research title Research tools Achievements
2012 The acoustics of performance Field The acoustic camera is one of the best tools in the study of historical
spaces (theatres and measurement monuments, because it is able to depict the sound heritage. On the
stadiums): a case study (acoustic camera) other hand, the comparison of a common use in historical and
contemporary samples with the help of acoustic camera is interesting
for researchers, because the efficiency of the building can be
compared with each other. performance halls are one of these notable
functions for researchers that has been selected for this study. The
comparison of the basketball court of University of Michigan as a
contemporary case and the Colosseum of Rome in the form of
historical space have led to the identification of the desired acoustic
properties of the historical building and can be implemented in
contemporary buildings.

2014 Room impulse response Field Various factors in the field of architectural acoustics are available
measurement with a spherical measurement with acoustic camera, and three-dimensional measurement of impact
microphone array, application ~ (acoustic camera) response in architectural space is one of these variables. An important
to room and building acoustics part of the information obtained from acoustic laboratories, which

includes reverberant room and anechoic room; Obtained through the
acoustic camera. The acoustic properties of various materials that are
tested in these test rooms are extracted with the help of this tool. This
study provides an example of these measurements with the help of
three-dimensional acoustic camera designed to test absorbent
materials in the anechoic room.

2015 The Acoustic Camera as a Field In the study with acoustic camera in architectural spaces, the study
valid tool to gain additional measurement variables fall into two general categories; First, the factors related to
information over traditional (acoustic camera)  the physical indicators of sound, and second, the parameters that are

methods in architectural the acoustic variables and overshadow the characteristics of the
acoustics architectural space. Identification of reflective and absorbing
surfaces, sound leakage locations, sound bridges, etc. are among the
second category variables in acoustic camera measurements. This
study is one of the researches that have analyzed these factors.

2018 simulation, visualization and Field The scope of acoustic camera also extends to human perceptions, and

localization of sound in a real measurement thus architecture is introduced as a platform for the benefit of

and a virtual room acoustic
environment using
beamforming

(acoustic camera)  acoustic camera. Humans are able to detect the direction and location
of real and virtual audio sources in a dynamic virtual audio
environment, and this finding, along with simulations and
measurements of the real environment, has been proven with the help
of acoustic camera in this study.
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Table 3. Architectural components of selected research samples

Case Studies Volume Volumetric Images Number of Column Peak Plan
(m3) group domes height  height
1 Khalkhali Mosque 1200 Small 12 2.2 53
2 Seqatoleslam 4000 Medium 30 2.60 5
Mosque
3 Shahidi Mosque 5800 Large 35 2.5 6.3 Fﬁa%;
et
If
£l L.
110
\k
Table 4. Field observation of selected research samples
Name of the mosque Openings Decorations Materials Characters in the building Position
Khalkhali West to the Karbandi Brick-Stone Column- Arch Tabriz Bazaar
courtyard-ceiling
Seqatoleslam Western-Ceiling Karbandi Brick-Stone Column- Arch Daraei Street
Shahidi Southern-ceiling Karbandi- Shamseh in Brick-Stone Column- Arch Tabriz Bazaar
Mihrab modul
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Table 5. Results of measurements with 2260 Sound Investigator

Reverberation Time measurements at different points in the samples

Shahidi Mosque
: \/\ = (1B
i ] LN
H .j—"——-w-\/- .d.-‘

Seqatoleslam Mosque

¢

Khalkhali Mosque
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Table 6. Measurement results with Acoustic camera

Acoustic imaging of samples in both normal and source modes

Shahidi Mosque
BN

Seqatoleslam Mosque Khalkhali Mosque

RSS

SPL BN

0"

LI BRaN |

c

];. 3

(S -

[y

[ 1]
b

I’

23

I

\o
(73




‘A‘h.' ] PR
-7 C e
A}‘\r:"’&\ ’.2 X

99

s |l o 4 P
O g (S 3 et gl § (S gl

ol

s

1YY Olxio /Y 0 lo o 1Y 0599  1Fe) lamo 9 3y

081348 13 5 45, ks

oS alioe sle—iy aigad GhiBly oLy o YL
el a o lga oo i 51,5 s 2aS L ylizman
s Gl Tl g 5 ol Lz 0+ S 3
i Lo lao jLid a5 o 0o 0 59, Ly
Lo )Lad bt &g od 0y e 5
Veoo 5,8 BN) ole el jo amo oo lois
S gl Sail L S oo |y oo L 5,5 oo 5V
gVeer Glo il B cwloa s o S0 5,8
Ayl s jlas o YL (e L cJl o Fe e
ol o Ll yieS a s Lol i3y ooy as
5V S8 S bt e Lny e
Lo 5556 oy lcan S, cdnlllas oyl slo ioniw plos
RT ;5 o= g RSS 5 v BN o o gools s |y
Ol Sl il b 4 cos ials Ly i3l L

A Jgoz) cwl a>lse

G Ao

Gly oy Lo vadlllas 8550 aiged (0 3555

VYO 5,8 o 1y sty o) o YL a3l Y,V 0
ol a8 (S glizres Jolie jo aalls 550
Ol 95 gy Sl oad &S S8
o T Lo jlad —aall oy, L sl
8 Sl o3 il 55 Sl il
oo ,lzd 5 0 aals g RT) psly loj yo
BN Jlafe o iion 35,0 000 00,5 o coalie
Oly—iisr =2 Ve e g VO S Sl ey g Sl
BN) 4o glo—o s Glylo 1) Lo uils 3 8L

o> 5Bog,S )0 (il

(5)Lo-’~° B usl_cu aS el C_»ab ‘o)lo o)l_.i}‘ (>

lbae ol - (See Gygs S Gl sla S
ool e l,8 o 1] g il el 0 W ilS 8
Ve oS5 15553 05 S 3 45 L] §
7=l 00,5 o gy VYO iS5 )8 0090 xe 2o
sl See o080 Sl e S8 5 ol
G S Lol 5l Laadl, ooy o .ol oo
09— B&K 4zgos g5-5uils (sl pp iy (s
PO YN T KU X1 U S U W WY
G ol e mlple e S5 A S il oo

03,5 o dawlde RSS L LLRT

Gy Oles G VL (g e 05 gl 5
laco Lid o peS LaS cowl 35,0 VY0 au bgos je
=2l gl )3 Sty als Lol axlge
L leyuils 3 8L aos o7, YO UM_:LY)B o as
ot |y sy ol Jhals (gaaly Lo culs
30 3= Lol oo jLzd sl s L olae jo s o
Jbo o=l el g 58 pp 4 S03 o5l
o B sl o )Lid o VL gl o
el ey pogm o L aS ot oS 35,0 Fe e
st s o (e CaS lizen 4l - O
Dy ol Go—iien 0 a S > 0l aales
R b a ke S o9 Yo dams L8 51,5
ol |y SeiasST CIS %05 55518 9y, o S
o= 3 sl BN) gole o zg) aad o0 55—
Go5—ro Sys—a JBle Lo iS5 g ol Ve e
o5k dm dmle Lo ils 8 9 (55,0 YO+ slicul a)
(Y Jgom=) alod oo L3 o (o3

Y 48 Ao

S V0 G gl pon (L diged

Table 7. Result of 2260 measurements and Acoustic camera in Khalkhali Mosque

Khalkhali Mosque
SPL RT

Fr BN (db) RSS (db) RT(s) Khalkhali mosque

125 15.46 23.16 1.96 Aggregation of measuring points

250 18.50 38.61 1.06 "
500 16.35 47.84 0.89

1000 21.12 46.62 0.84 N
2000 13.28 49.96 0.68 '
4000 10.56 50.36 0.53 v
8000 3.50 46.78 0.47 W wo ao ow w

Table 8. Result of 2260 measurements and Acoustic camera in Seqatoleslam Mosque

Seqatoleslam Mosque

SPL

Fr BN (db) RSS (db) RT(s)
125 16.72 22.28 2.61
250 27.41 36.66 1.88
500 31.18 44.78 1.17
1000 31.87 42.29 1.29
2000 22.01 45.69 1.09
4000 16.03 45.11 0.8
8000 5.46 39.09 0.5

RT

Seqatoleslam mosque
Aggregation of measuring points

800 4000 2000 1000 500 250 125
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Table 9. Result of 2260 measurements and Acoustic camera in Shahidi Mosque

Shahidi Mosque
SPL RT

Fr BN (db) RSS (db) RT(s) Shahidi mosque

125 10.82 22.17 3.25 Aggregation of measuring points

250 28.25 33.52 2.19 is
500 29.10 35.24 1.53 25
1000 24.69 36.22 1.35 ;
2000 6.11 36.71 1.12 .
4000 11.59 35.67 1.03 o3
8000 3.23 27.39 0.53 oo w0 w0 we 5w o s
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Conclusion of Volumetric groups-SPL
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Fig. 2. Sound Pressure Level of the samples in total
volumetric groups
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Fig. 3. Reverberation Time of samples in total
volumetric groups
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