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Abstract
Environmental noise control is necessary for human health and auditory comfort conditions. In this respect, it is required that
industrial noise should be kept under control and healthy living spaces should be obtained in residential areas. This paper aims to
explain industrial noise control at urban and building scales. In this study, the strategic noise mapping process related to industrial
activities in a line with the Environmental Noise Directive (END) was clarified. Besides this, what type of factors are effective in
the industrial noise mapping process were defined, and important basic parameters, which are essential in the industrial noise
mapping, were detailed. The preparation of the industrial noise mapping process was explained in detail. It was mentioned that
the regions exposed to excessive noise should be defined according to the strategic noise map and improvement plans should be
performed. Improvement methods that reduce excessive noise in living spaces are clarified and it was explained how the
improvement of environmental quality can be acquired. In this regard, this paper gives information on industrial noise mapping
and industrial noise control at the urban scale.
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Introduction

At the urban scale, environmental noise should be kept under
control to provide auditory comfort conditions. In the twenty-
first century, with the developing urbanization and industry,
environmental noise problems have started to emerge more
frequently. Control of environmental noise has great impor-
tance in terms of human health as well as providing auditory
comfort conditions. TheWorld Health Organization states that
noise is the second largest environmental cause of health prob-
lems [1]. Exposure to excessive noise can cause hearing loss
and excessive noise can negatively affect human health not
only physiologically but also psychologically. The major
physiological effects caused by noise are muscle strains,
stress, increased blood pressure, changes in heart rate and
blood circulation, dilated pupils, and sleeplessness. The main

psychological effects of noise are nervousness, fear, discom-
fort, anxiety, fatigue, slow mental activity, and a decrease in
work efficiency [2].

The negative effects of environmental noise on hu-
man health are frequently encountered in literature stud-
ies. In the research of Farooqi et al. [3], survey analyses
were done, and according to the survey results, it was
stated that most of the participants exposed to the noise
experienced headaches, sleeplessness, hypertension, and
stress. Murphy et al. [4] stated that noise negatively
affects public health. The World Health Organization
[1] states that noise is effective on sleep, has cardiovas-
cular and metabolic effects, is effective on cognitive
impairment, and is effective on hearing loss and tinni-
tus. Arbaoui et al. [5] reported that noise exposure can
cause hearing problems, hypertension, heart disease, and
sleep disturbances. Alsina-Pagès et al. [6] stated that in
recent years, many researchers aimed at noise reduction
to avoid various adverse health effects such as sleep
disturbance, discomfort, cardiovascular effects, learning
impairment, and hypertension. Bozkurt and Demirkale
[7] stated that environmental noise can significantly af-
fect public health and have a remarkable impact on
human activities. Sheikh et al. [8] stated that excessive
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noise affects hearing loss. Farooqi et al. [9] pointed out
that excessive noise causes high blood pressure, heart
disease, and headache. Basner and McGuire [10] exam-
ined the effect of noise on sleep and stated that noise
decreases sleep continuity, decreases total sleep time,
and causes fragmented sleep. Lercher [11] mentioned
that industrial noises affecting residential areas may be
highly heterogeneous due to the different activities that
exist and industrial noise includes a mix of tonal, im-
pulsive characteristics, and low-frequency noise.
Besides, Lercher stated [11] that the industrial noise
entering residential areas caused to reveal higher annoy-
ance responses in general when the ambient noise level
is low. Butorina et al. [12] stated that industrial noise is
a cause of professional diseases that affect workers'
health during the production process and about 7% of
workers suffer from work-related hearing difficulties.

The European Parliament published Directive
2002/49/EC to keep environmental noise under control
[13]. Analysis methods of environmental noise, prepara-
tion of noise maps, and preparation of action plans for
noise measures were explained in the 2002/49/EC direc-
tive. In this directive, it was stated that the preparation
of the noise map is required for all EU member states
and national action plans to reduce environmental noise
should be developed for each member state. Also, EU
member states should report the acoustic situation and
update the reported information every 5 years [13].
Today, noise originating from transportation (motorway
noise, airport noise, and railway noise), noise originat-
ing from industrial activities, noise caused by construc-
tion activity, and noises caused by people and activities
are effective in the formation of environmental noise.
Highway noise mapping studies, railway noise mapping
studies, and airport noise mapping studies are carried
out to keep the noise generated from transportation un-
der control [14–25]. In this research article, information
about industrial noise control and industrial noise map-
ping studies is given.

It is seen in the literature that industrial noise sources
differ according to production processes. Compressor
noise is frequently encountered in industrial facilities
and production processes. Arbaoui et al. [26] investigat-
ed the effect of two different compressor noise on en-
vironmental noise at the factory site in the north-west of
Algeria. Mendonça and Leite [27] examined a factory
belonging to the metallurgical industry and analyzed the
noise generated by the press machines. Seutche et al.
[28] analyzed the thermal power plant in Cameroon,
located in the city of Mbalmayo, and defined diesel
motor systems, electric generator systems, and cooling
fan systems as the types of noise sources that can be
found in the thermal power plant. Tomozeı et al. [29]

examined the noise sources in the textile factory and
showed sewing machines, embroidery machines, auto-
matic cutting machines, and winding machines as noise
sources in the factory. Lim et al. [30] stated in their
research that pressing, molding, curing, cutting, and
packaging productions were carried out in the examined
rubber production process of the rubber production fac-
tory in Malaysia. Bozkurt and Demirkale [7] examined
the metal production facilities in Istanbul. It was stated
that in the metal production process, there were differ-
ent types of production activities which can be listed as
foundry, turning lathe, cutting—bending metal sheets,
metal stamping, and metal workshop. Arbaoui et al.
[5] investigated noise pollution in urban and industrial
areas of Oran located in Algeria and stated the main
factors which cause noise pollution in the industrial area
are rotor machines such as compressors, pumps, and
turbines. The results of industrial noise levels in Oran
demonstrated that noise levels were ranged from 95 to
115 dBA. Farooqi et al. [9] emphasized that different
industries such as the textile industry, wood industry,
and steel mills have different machines. In summary, it
is understood that there can be many different types of
noise sources in industrial noise analysis, and all differ-
ent types of industrial noise sources may need to be
considered in noise analysis.

Industrial noise problems do not only appear as en-
vironmental noise problems at the urban scale. It also
appears as health problems faced by employees in in-
dustrial units. For this reason, it is essential to provide
industrial noise control both at the building scale and at
the urban scale. The noise exposure time of the workers
in the factory is evaluated according to dose analysis. In
general, daily dose analysis is carried out according to
the revised standard published by National Institute for
Occupational Safety and Health Standard [31]. In the
revised standard, it was notified that “the amount of
actual exposure relative to the amount of allowable ex-
posure, and for which 100% and above represents ex-
posures that are hazardous.” Also, the noise exposure
evaluation method was clarified and detailed in Eqs. 1
and 2 [31]. According to Eq. 3 [31], the daily dose can
be converted into an 8-h time-weighted average (TWA).
When the daily dose is higher than the required maxi-
mum values, workers can face health and hearing loss
problems. Especially, hearing loss due to industrial
noise can be observed at the 3000- to 4000-Hz frequen-
cy range [2]. In the literature, too many researches are
conducted about the daily dose. In the research of
Ahmed and Gadelmoula [32], it was investigated to
measure the occupational noise at a concrete block-
making factory and it was determined that the daily
no i s e do s e i s ex t r eme ly h i ghe r t h an 100%.
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Maheswaran et al. [33] performed the noise survey in a
power press industry and it was clarified that the daily
noise dose was higher than 100% for some survey
points.

D ¼ C1

T1
þ C2

T2
þ Cn

Tn

� �
100% ð1Þ

D Daily dose (%) (not equal or exceed 100)
Cn Total time of exposure at a specified noise level
Tn Exposure duration for which noise at this level becomes

hazardous (Eq. 2)

T minuteð Þ ¼ 480

2 L−85ð Þ=3 ð2Þ

T(minute) The exposure duration in minutes
L Exposure level (dBA)

The exchange rate (this constant is specified in NIOSH
[31])

TWA ¼ 10 x
D
100

� �
þ 85 ð3Þ

TWA Time-weighted average (the 8-ho time-weighted av-
erage sound level in dBA)

In the directive 2002/49/EC of the European Parliament
[13], noise indicators were specified and Lday, Levening,
Lnight, and Lden are determined to analyze noise level. Noise
indicators are used to provide industrial noise control at the
urban scale. Description of noise indicators and calculation
methodology of noise indicators were demonstrated in Eq. 4.
In the European Union, according to national requirements
and needs, it is observed that maximum environmental noise
levels can be identified by national authorities. In the research
of Pramendra and Vartika [34], in India, Environmental Noise
Pollution research is performed and the central pollution con-
trol board noise limit values were shown in their research.
Comendador et al. [35] showed noise limit values in their
research according to Spain local regulation. In Brazil,
Zannin, and Sant’Ana [36] investigated environmental noise
impact assessment based on noise mapping, and in the re-
search, noise emission limits for several zones in Curitiba
were given according to Municipal Law. In the research of
Bozkurt and Demirkale [7], industrial noise mapping analyses
were conducted and noise limit values for industrial areas
were used according to Turkey regulation. As a result, it is

understood that countries determine the maximum environ-
mental noise levels according to their noise policies and max-
imum environmental noise levels can be changeable to differ-
ent nations. In the EEA (European Environment Agency) re-
port no 22/2019 [37], Lden and Lnight noise indicators were
used to analyze industrial activities, and European Union
member nations’ results were given related to industrial noise.
In this report, it was mentioned that approximately 800,000
people living in urban areas are exposed to industry noise
levels of at least 55 dBA in Lden period and approximately
400,000 people living in urban areas are exposed to industry
noise levels of at least 50 dBA in Lnight period. It is understood
that EU member nations’ noise limit values are analyzed as
Lden ≤ 55 dBA and Lnight ≤50 dBA. Similarly, Murphy et al.
[4] mentioned that in the European Commission report, ap-
proximately 1 million people were reported to be exposed to
industrial noise exceeding 55 dBA Lden. Through using noise
indicators, noise levels of receiver points are examined and
analyzed at the urban scale.

Lden ¼ 10log
1

24
12x 10

Lday
10 þ 4x10

Leveningþ5

10 þ 8x10
Lnightþ10

10

h i
dBA

ð4Þ

Lday Lday is the A-weighted long-term average sound
level as defined in ISO 1996-2: 1987, determined
over all the day periods of a year. Day period is
generally defined as 12 h, from 07:00 to 19:00

Levening Levening is the A-weighted long-term average sound
level as defined in ISO 1996-2, determined over all
the evening periods of a year. Evening period is
generally defined as 4 h, from 19:00 to 23:00

Lnight Lnight is the A-weighted long-term average sound
level as defined in ISO 1996-2, determined over all
the evening periods of a year. Night period is gen-
erally defined as 8 hours, from 23:00 to 07:00

Lden Lden is the A-weighted long-term average sound
level as defined in ISO 1996-2, determined over all
the day-evening-night periods of a year

Strategic noise mapping studies are carried out to control
environmental noise. With strategic noise mapping studies,
regions with high noise levels in the urban scale are deter-
mined and improvement decisions are made in line with the
strategic noise mapping results. The strategic noise mapping
process based on industrial noise will be detailed in the fol-
lowing section.
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The Strategic Noise Mapping Process Based
on Industrial Noise

In the literature, it is observed that strategic noise maps are
generally prepared in a line with noise monitoring systems and
computation methods. The preparation of strategic noise maps
is carried out as a result of detailed analysis and measure-
ments. In this section, information about the preparation pro-
cess of strategic noise maps will be given and the methods
used in the literature will be detailed.

In large area analysis, it is seen that only noise measure-
ments are not sufficient and the noise levels can be determined
by using the calculation methods. It is understood that the
noise level is calculated using the calculation method and
the calculated values are verified by performing noise mea-
surements. This section is described in three subtitles as
follows.

& Calculation methodology in industrial noise mapping
& Preparing industrial noise maps with computer modeling
& Noise measurements and monitoring system

Calculation Methodology in Industrial Noise Mapping

Calculation methodology should be determined during the
preparation of noise maps to obtain accurate results. In the
directive 2002/49/EC [13], computation methods for the noise
mapping process are clarified and for industrial noise; ISO
9613-2 standard [38] is recommended. The attenuation of
sound during propagation outdoors is detailed in ISO 9613-
2. Equation 5 is used to calculate the sound pressure level at
the receiver point. Parameter A in Eq. 5 represents the sum of
all of the attenuation in the sound propagation process. In the

sound propagation mechanism in the free field, attenuation
term A in Eq. 5 is calculated by Eq. 6. In the calculation of
A, all of the attenuations, which are listed as geometrical di-
vergence, atmospheric absorption, ground effect, barrier, and
other effects, should be considered. The attenuation due
to geometrical divergence (Adiv) is used to clarify for
spherical spreading in the free field from a point source
and given in Eq. 7. Equation 8 is related to the atten-
uation due to atmospheric absorption; the atmospheric
attenuation coefficient depends on the frequency of the
sound, the ambient temperature, and relative humidity of
the air, and the atmospheric attenuation coefficient is
clarified in ISO 9613-1 standard [39]. The ground effect
varies depending on the sound absorption coefficient
and characteristics of the ground. The attenuation due
to the ground effect is analyzed with three different
regions, which are the source region, the middle region,
and the receiver region (Fig. 1a). Calculation of attenu-
ation due to the ground effect is given in Eq. 9.
Figure 1a shows different regions related to the ground
effect and hs and hr means source and receiver height
respectively. In Eq. 9, parameters As, Ar, and Am are
related to ground effect and regions are the source, mid-
dle, and receiver respectively. As, Ar, and Am calcula-
tion methodology are given in Table 1. In Table 1, the
sound absorption properties of each ground region are
taken into consideration utilizing a ground factor G. In
the hard ground which has low porosity, it can be con-
sidered G equal to 0 (G=0). The tamped ground around
the industrial area can be accepted as the hard ground
in the calculation process. In the porous ground which
includes ground covered by grass, trees, or other vege-
tation, it can be considered G equal to 1 (G=1). In the
mixed ground, the surfaces consist of not only the

Fig. 1 Figures related to calculation methodology. a different Regions
related to ground effect. bDifferent sound propagation paths at a barrier. c
Determination of the path-length difference for single diffraction. d, e

Determination of the path-length difference for double diffraction
(retrieved from ISO 9613-2 [38])
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porous ground but also hard ground and it can be con-
sidered G values ranging from 0 to 1.

Lft DWð Þ ¼ Lw þ Dc–A ð5Þ

Lft(DW) The equivalent continuous downwind octave-band
sound pressure level at a receiver location

Lw Is the octave-band sound power level, in decibels,
produced by point source

Dc The directivity correction (for an omnidirectional
point sound source radiating into free space, Dc=0
dB)

A The octave- band attenuation, in decibels

A ¼ Adiv þ Aatm þ Agr þ Abar þ Amisc ð6Þ

Adiv The attenuation due to geometrical divergence
Aatm The attenuation due to atmospheric absorption
Agr The attenuation due to ground effect
Abar The attenuation due to a barrier
Amisc The attenuation due to miscellaneous other effects

(the attenuation due to propagation through foliage,
industrial sites, and areas of houses)

Adiv ¼ 20 log
d
d0

� �
þ 11

� �
dB ð7Þ

d The distance from the source to receiver, in meters
d0 The reference distance (=1 m)

Aatm ¼ αd=1000 ð8Þ

d Propagation distance, in meters
α Atmospheric attenuation coefficient depends on the

frequency of the sound, ambient temperature, and relative
humidity

Agr ¼ As þ Ar þ Am ð9Þ

As The attenuation due to source region ground effect
Ar The attenuation due to receiver region ground effect
Am The attenuation due to middle region ground effect

In the analysis of the barrier, barrier surface density should
be at least 10 kg/m2 to obtain effective noise barrier insertion
loss. In the attenuation due to a barrier, diffraction over the top
edge and around a vertical edge of a barrier should take into
account (Fig. 1b), the effect of diffraction over the top edge is
obtained from Eq. 10 and the effect of diffraction around a
vertical edge is obtained from the Eq. 11. During calculating
the barrier attenuation Dz, it is assumed that only one signif-
icant sound propagation path exists from the source to the
receiver. When this assumption is not valid, separate calcula-
tions should be performed for the other propagation paths (as
demonstrated in Fig. 1b) and the contributions from the vari-
ous paths are summed at the receiver points. The barrier at-
tenuation Dz is calculated utilizing Eq. 12. As given in Fig. 1c,
for single diffraction, the path-length difference is given in Eq.
14. For double diffraction, as demonstrated in Fig. 1d and e,
the path-length difference is calculated by Eq. 15. The correc-
tion factor Kmet for meteorological conditions is obtained by
using Eq. 16.

Abar ¼ Dz−Agr > 0 for diffraction over the top edgeð Þ ð10Þ
Abar ¼ Dz > 0 for diffraction around a vertical edgeð Þ ð11Þ

Dz The barrier attenuation for each octave band.
Agr The ground attenuation in the absence of the barrier.

Dz ¼ 10log 3þ C2

λ

� �
C3zKmet

� �
ð12Þ

Table 1 According to ISO 9613-2 [38], calculating ground attenuation
contributions As, Ar, and Am

Nominal mid-band frequency, Hz As or Ar, dB Am, dB

63 −1.5 − 3q 1)

125 −1.5 + G x a’(h) −3q(1 –G)
250 −1.5 + G x b’(h)

500 −1.5 + G x c’(h)

1000 −1.5 + G x d (h)

2000 −1.5 (1−G)
4000 −1.5 (1−G)
8000 −1.5 (1−G)

a ’ ( h )

=1:5þ 3:0 x e−0:12 h−5ð Þ2 1−e−
dp
50

� �
þ 5:7xe−0:009 h2 1−e−2:8 x 10−6 dp2

� �
b’ (h) =1:5þ 8:6 x e−0:09 hð Þ2 1−e−

dp
50

� �
c’ (h) =1:5þ 14:0 x e−0:46 hð Þ2 1−e−

dp
50

� �
d’ (h) =1:5þ 5:0 x e−0:9 hð Þ2 1−e−

dp
50

� �
1) q=0 when dp ≤ 30 (hs + hr), q= 1 - 30 hsþhrð Þ

dp
when dp > 30 (hs + hr)

where dp is the source to receiver distance, in meters (Fig. 1a)
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C2 Equal to 20, and includes the effect of ground reflections
C3 Equal to 1 for single diffraction (Fig. 1c). For double dif-

fraction (Fig. 1d and e), C3 is calculated by equation 13.

C3 ¼ 1þ 5λ
e

� �2
" #

=
1

3

� �
þ 5λ

e

� �2
" #

ð13Þ

λ The wavelength of the sound, in meters
z The difference between the path-lengths of diffracted

and direct sound, as calculated by equation 14 and 15
Kmet The correction factor for meteorological effects given

by equation 16
e the distance between the two diffraction edges in case

of double diffraction (Fig. 1d and e)

z ¼ dss þ dsrð Þ2 þ a2
h i1

2−d ð14Þ

dss The distance from the source to the (first) diffraction
edge, in meters (Fig. 1c)

dsr The distance from the (second) diffraction edge to re-
ceiver, in meters (Fig. 1c)

a The component distance parallel to the barrier edge
between source and the receiver, in meters

z ¼ dss þ dsr þ eð Þ2 þ a2
h i1

2−d ð15Þ

Kmet ¼ exp −
1

2000

� � ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
dss dsr d

2z

r" #
for z > 0; ð16Þ

Kmet ¼ 1for z < 0

The meteorological correction (Cmet) is an important pa-
rameter used to acquire long-term average A-weighted sound
pressure level, where the period is several months. Cmet is
calculated by using Eq. 17. Cmet depends on C0 which is
related to local meteorological statistics. As mentioned in
ISO 9613-2 [38], “Experience indicates that values of C0 in
practice are limited to range from zero to approximately +5
dB, and values in excess of 2 dB are exceptional. Thus only
very elementary statistics of local meteorology are needed for
± 1 dB accuracy in C0.”

Cmet ¼ 0 if dp≤10 hsþ hrð Þ;Cmet

¼ C0 1−10 hs þ hrð Þ=dp
	 


if dp > 10 hsþ hrð Þ ð17Þ

hs and
hr

Source and receiver height, respectively, in meters

dp The source to receiver distance, in meters
C0 A factor, in decibels, which depends on local

meteorological statistics for wind speed and
direction, and temperature gradients.

This article outlines the ISO 9613-2 standard [38] but ISO
9613-2 standard has content that is much more comprehen-
sive. The most influential factors in the noise mapping process
specified in the ISO 9613-2 standard are summarized. In the
industrial noise mapping process, the determination of suit-
able noise-emission input data plays a crucial role to obtain
accurate results. In the directive 2002/49/EC [13], it was men-
tioned that suitable noise-emission data (input data) for indus-
trial noise should be acquired from standards which are listed
as ISO 8297 [40], ISO 3744 [41], and ISO 3746 [42]. ISO
3744 and ISO 3746 standards give information about the de-
termination of sound power levels of noise sources. ISO 8297
standard is used for the determination of sound power levels
of multisource industrial plants for the evaluation of sound
pressure levels in the environment.

During industrial noise mapping, the sound insulation
properties of the factory-building envelope are of great impor-
tance and the higher the sound insulation level, the less noise
is transmitted noise from inside to outside. In the industrial
noise calculation process, sound insulation properties of build-
ing envelop are considered, material sound insulation proper-
ties are used to calculate noise transmission which occurs
inside of the production units, and outdoor noise propagation
is analyzed according to building envelope sound insulation
level. ISO 10140-2 [43] defines the sound reduction index and
the sound reduction index is evaluated using Eq. 18. The
measurements are carried out in laboratory test facilities in
which sound transmission via flanking paths is prevented.
Due to the existence of flanking transmissions, the results of
measurements made in accordance with ISO 10140-2 stan-
dard do not apply directly to the field situation without ac-
counting for other factors. In situ measurements, ISO 16283-
1:2014 standard [44] is used to obtain sound insulation level
and clarifies with a standardized level difference (DnT). The
standardized level difference in which is standardized to a
reference value of the reverberation time in receiving room
is given in Eq. 19. ISO 16283-3:2016 standard [45] is used
in situ measurements to analyze the sound insulation level of
the façade. According to the ISO 16283-3:2016 standard [45],
the façade’s sound insulation index can be acquired by the
road traffic method, which uses the noise produced by vehicle
traffic passing in front of the building as the sound source. In
ISO 16283-3:2016 standard, the standardized level difference
(D2m,nT) is used to measure the façade sound insulation level
when the sound source is vehicle traffic and the external mi-
crophone is positioned 2 m from the measured surface.
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Standardized level difference (D2m,nT) is shown in Eq. 20. The
ISO 717-1:2013 standard [46], which provides a weighted
value for the insulation indices, presents a single index for
sound insulation related to the ISO 10140-2 [43], ISO
16283-1 [44], and ISO 16283-3 [45] standards. Weighted re-
sults such as the weighted sound reduction index (Rw) and the
weighted standardized level difference (DnT,w and D2m,nT, w)
are acquired in accordance with the ISO 717-1:2013 standard.

R ¼ L1−L2ð Þ þ 10lg
S
A

� �
dBð Þ ð18Þ

L1 The sound pressure level in the source room, in decibels
L2 The sound pressure level in the receiving room, in

decibels
S The area of the free test opening in which the test

element is installed, in square meters
A The equivalent sound absorption area in the receiving

room, in square meters

DnT ¼ L1−L2ð Þ þ 10lg
T
T 0

� �
dBð Þ ð19Þ

L1 The sound pressure level at the acoustic emission site
(dB)

L2 The sound pressure level in the receiving room (dB)
T The reverberation time of the receiving room (s)
T0 The reverberation time of reference (T0= 0.5s)

D2m;nT ¼ L1;2m−L2
� �þ 10lg

T
T0

� �
dBð Þ ð20Þ

L1,

2m

The sound pressure level measured outside the
building with the microphone placed 2 meters from
the measured surface (dB)

L2 The sound pressure level in the receiving room (dB)
T The reverberation time of the receiving room (s)
T0 The reverberation time of reference (T0= 0.5s)

Preparing Industrial Noise Maps with Computer
Modeling

Industrial noise map calculations are generally performedwith
numerical simulations in the computer environment. Analyses
are carried out in line with numerical simulations in the pro-
cess of strategic noise mapping and action plans. In the liter-
ature, various noise mapping software are used in noise map-
ping simulations and it is observed that the most widely used

noise mapping programs are SoundPLAN [12, 14, 17, 18, 23,
25, 47–50], CadnaA [15, 19–21, 51, 52], and Predictor [16,
36, 53]. In the research of Butorina et al. [12], SoundPLAN
noise mapping software was used to analyze noise level, in-
creasing the efficiency of the noise protection design process
was carried out with the application of building information
modeling (BIM). In the research, the development of the
building information model was obtained using the data ex-
change between SoundPLAN, AutoCAD 3D, or Revit and
Navisworks. In the research of Lokhande et al. [53], noise
level analyses were performed surrounding mining and indus-
trial areas of Keonjhar, and noise maps are prepared using
Predictor LimA Software and other GIS tools. In the study
of Jung et al. [52], it was stated that noise maps were prepared
with CadnaA software that is widely used for environmental
impact assessments.

Using numerical analysis methods other than noise map-
ping in noise analysis is useful in explaining many parameters
that can be effective during the propagation of sound. Yuan
et al. [54] stated that due to the various complex factors af-
fecting noise in urban areas, the pathways linking built envi-
ronment characteristics and the noise level have not been ad-
equately addressed in the literature. In the research of Yuan
et al. [54], it was aimed to examine the relationships of urban
built environment and noise, using Pearson correlations and
multiple linear regressions. In the research of Zhang et al. [55],
it was researched multisource a noise emission and developed
a model to predict noise level, and noise propagation simula-
tor was used to estimate the noise levels at measurement lo-
cations under different settings of noise sources in the space.
Computer models can be useful in determining the indoor
noise level of multi-source industrial buildings.

Buildings, topography, roads, or other important data must
be modeled and defined to simulation software in the noise
mapping process. Butorina et al. [12] mentioned that the most
effective way to determine noise protection measures is to use
specialized software. In the SoundPLAN modeling process of
this research, information about heights and elevation lines
from Geo-Information Systems (as Autocad dxf file types)
was imported into SoundPLAN, creation of a digital ground
model which consists of information on the building heights
and elevations was established, and entering of parameters of
noise sources and buildings in SoundPLAN were identified
according to field information. In the research of Bozkurt and
Demirkale [7], a similar methodology was utilized.
Attenuations, which can be listed as geometrical divergence
(Adiv), atmospheric absorption (Aatm), ground effect (Agr),
barrier (Abar), and other effects (Amisc), were clarified in ISO
9613-2 standard [38]. In the software, the noise modeling
process, meteorological data (humidity and temperature),
ground properties (hard, porous, or mix ground), or other im-
portant data (barrier, reflections, vegetation, etc.) should be
carefully defined to calculate attenuations and obtain accurate
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results. Besides, it is required to define the meteorological
correction (Cmet) which is related to long-term local meteoro-
logical statistics.

Defining factory buildings is one of the most important
steps in the industrial noise mapping process. First of all, the
type of industrial buildings should be determined and indoor
noise levels should be defined. The building type of industrial
units can be selected according to field observations and pro-
duction noise type can be determined from the simulation
program database. Through performing measurements ac-
cording to ISO 3744 [41] and ISO 3746 [42] standards, the
sound power level of the industrial units can be determined in
the noise mapping software. The production performance of
industry units can change according to hours (day time, eve-
ning time, and night time, etc.). Hence, the production perfor-
mance of industry units based on related time intervals should
be determined in the noise modeling software. In the research
of Bozkurt and Demirkale [7], based on field research, an
internal sound source type was defined for every single indus-
trial unit and industrial unit properties were detailed according
to the internal sound source, which is standardized by
SoundPLAN version 6.5 software. Moreover, industrial units
working performance related to hours was defined according
to information provided by industrial site staff and supported
with field observations. The sound insulation properties of the
factory-building envelope are an important issue to analyze
outdoor noise propagation. When the insulation level of fac-
tory buildings increases, environmental noise related to indus-
try decreases. For these reasons, it can be necessary to define
noise data of industrial units and industrial units’ sound insu-
lation properties in the noise modeling program. Butorina
et al. [12] stated in their research that building information
modelingwas used to identify industrial building. In the study,
industrial building information, which is related to building
floors, noise source, and their power levels, and material
sound insulation properties were entered into models. In the
research of Bozkurt and Demirkale [7], building envelope
materials related to industrial units are defined (such as the
wall, the window, the roof, the door, etc.), noise calculation
was performed according to sound insulation level, and dif-
ferent working scenarios of industrial units were taken into
consideration. In this research, four different working scenar-
ios, which are related to the different opening of the doors of
the industrial buildings, were analyzed and industrial noise
maps were prepared according to industrial building envelope
sound insulation properties.

In cases where there is no information about the industrial
noise sources, it is important to determine what method should
be followed. It should be kept in mind that as the level of
uncertainty increases, the margin of error in noise calculations
will increase. In the European Commission Working Group –
Assessment of Exposure to Noise (WG-AEN) document [56],
it was clarified different methodologies exist when sound

power levels of industrial sources are unknown. The compar-
ison of the different methods when sound power levels of
industrial sources are unknown were given in Table 2. In
Table 2 methods, it is understood that the most accurate result
is obtained when the ISO 8297 standard is used. However, it is
seen that the method, which the ISO 8297 standard is used, is
expensive and sophisticated compared to the methods given in
Table 2. Using the following default values has the lowest
accuracy in Table 2. Ports can be located near industrial noise
sources and may contain industrial noise sources. For this
reason, information about the ports was given in Table 2.
Fredianelli et al. [57] mentioned that noise sources inside port
areas can be divided into several different categories which
can be listed as road sources, railway sources, ship sources,
port sources, and industrial sources. In port areas, the perfor-
mance levels of the activities significantly affect the noise
levels. The decrease in the activity levels in the ports can
contribute to the decrease in the noise levels. Čurović et al.
[58] stated in their research that shipping and industrial activ-
ities changed in the COVID-19 period and the Lden period was
analyzed due to the change of the shipping and industrial
activities in the COVID-19 period. According to analyses, it
was mentioned that compared to the historical period, the
number of people exposed to noise levels above 55 dBA de-
creased by 20% in the COVID-19 period [58]. In the research
of Basu et al. [59], Dublin city noise pollution was analyzed
and sound levels were investigated before and after the lock-
down imposed as a result of the COVID-19 pandemic.
Changes in noise pollution due to the COVID-19 lockdown
were researched by using measured hourly data from noise
monitoring stations between January and May 2020. It was
observed in this research [59] that a significant decrease in
hourly average equivalent sound and hourly minimum sound
levels was acquired at all stations during the lockdown period.
As a result, industrial activities can be affected by social
events, pandemics, and economic crises. In the noise model-
ing process, industrial activity levels should be considered to
obtain accurate results.

Strategic noise maps are generally carried out according to
an assessment height of 4 m which is defined in the
Environmental Noise Directive (2002/49/EC) [13]. The grid
system of the noise maps prepared by computer simulation is
an important parameter for the clarity of the noise map.
Murphy et al. [4] stated in their study that the generation of
noise maps involves the calculation of the noise levels of the
respective sources to the receiver points along a systematic
grid located on the analyzed area. In the noise modeling pro-
cess, the smaller the grid spacing, the more detailed calcula-
tions in the noise map preparing process are acquired.
Butorina et al. [12] stated that the calculated area is divided
on a grid to calculate noise propagation in preparing noise
maps and the noise map grid system can be identified as 5m
and 10m not more than 30 m. In the research of Bozkurt and
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Demirkale [7], the noise map grid system was determined in
the noise mapping process and the industrial noise maps were
prepared with a grid width of 10 m.

It is required to obtain population information for the re-
gion whose noise map is prepared and define it to the model.
Population data are obtained and entered into the software.
The number of people exposed to excessive noise is deter-
mined in line with population data. In general, the steps con-
sidered in the preparation of industrial noise maps in the com-
puter environment are given in Fig. 2. In the literature, it is
seen that besides industrial activities, traffic noise can also be
effective and traffic noise can be analyzed together with in-
dustrial noise. This situation was observed in the researches of
Morel et al. [60], Marquis-Favre and Morel [61], and
Bernardini et al. [49]. In the modeling process, both
industrial noise and traffic noise should be considered
to obtain accurate results.

The current situation is analyzed according to the noise
mapping results and the problems in the current situation are
determined. After current situation analyses, the determination
of planning decisions, which is related to the improvement of
environmental quality based on industrial noise map results,
are performed. In urban planning decisions, the suggestion of
a protective green zone between residential and industrial
areas, the suggestion of barrier design, the suggestion of the
removal of noisy areas in the settlements can be offered to
decrease the excessive noise level. In “The Improvement of
Environmental Quality” section, the improvement of environ-
mental quality is explained in detail.

Noise Measurements and Monitoring System

Noise measurement should be performed in accordance
with ISO 1996-1 [62] and ISO 1996-2 [63] standards.
Calibration of noise measurement devices is of great
importance in terms of the accuracy of the measurement
results. Noise measurements are usually performed on
grade at 1.5 to 4m above ground. The duration of the
measurements is also one of the important analysis pa-
rameters. In the industrial noise mapping research of
Bozkurt and Demirkale [7], industrial noise measure-
ments were carried out for 5 min in sixteen different
measurement points and receivers were located at 1.5
m height from the ground. In the research of Farooqi
et al. [3], measurements were carried out in the indus-
trial area with the sound level meter device and the
measurement results were evaluated together with the
survey studies. Rosmala et al. [64] prepared acoustic
noise maps on various locations in Surabaya, and in
the noise measurement process, the measurement was
done in five minutes at each point. Chi et al. [65] stated
that noise map data were collected by noise measure-
ment in Vietnam (Can Tho city), noise measurements
were performed in the gridline which is 10 m × 10
m, noise measurement period is 10 min, and noise
map was established according to measurement results.
Farooqi et al. [3] mentioned that the textile industry
area is located in mixed areas where the industrial,
commercial, and residential areas exist in Pakistan. It

Table 2 The comparison of the different methods when sound power levels of industrial sources are unknown [56]

Method Complexity Accuracy Cost

Obtain sound power levels from source operator 3 3 3

Determine sound power levels using ISO 8297 4 4 4

Use input data contained in an EIA (Environmental Impact Assessment) 2 2 2

Use nationally defined default source sound power levels 1 2 1

Use nationally defined maximum permissible sound power levels per unit of surface area 1 2 1

If Directive 2000/14/EC provides limiting values for source under consideration, use these values 2 2 2

Use public databases 3 3 2

Use the following default values: 1 1 1
Type of industry Default value for Lw” (/m

2 )

day evening night

Area with heavy industries 65 dBA 65 dBA 65 dBA

Area with light industries 60 dBA 60 dBA 60 dBA

Area with commercial uses 60 dBA 60 dBA 45 dBA

Ports 65 dBA 65 dBA 65 dBA

Coding numbers (1 to 4) increase when the level increase. 4 means the maximum level and 1 means minimum level

For complexity, 1 is simple and 4 is sophisticated

For accuracy, 1 is low and 4 is high

For cost, 1 is inexpensive and 4 is expensive
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was stated that the maximum sound pressure level
(Lmax) was measured 102 dBA inside the production
unit, 94 dBA outside the production unit, and 99 dBA
outside the industry in the afternoon.

Noise mapping simulations should be validated by noise
measurements. Moreover, modeling process and measure-
ment uncertainties are required to clarify. In the European
Commission Working Group – Assessment of Exposure to
Noise (WG-AEN) document [56], modeling process input
data was identified, information about uncertainties about
noise modeling was given, and level differences which may
occur depending on the modeling process were defined. In the
research of the Zannin and Sant’Ana [36], noise maps were
prepared using the Predictor BK 7810 version 6.0 software,
and the model was calibrated using as reference the recom-
mendations of WG-AEN [56]. Gómez et al. [47] researched
the use of noise measurements when noise mapping models

are intended to be validated and an assessment of the noise
mapping process was carried out to analyze uncertainties
using SoundPLAN software. Butorina et al. [50] stated that
measurements of noise levels in the urban area were used to
calibrate the SoundPLAN model in the preparation of the
noise map of St. Petersburg. In the research of Gómez et al.
[47], it was mentioned that the requirement of noise measure-
ment uncertainties needs to clarify (usually assumed as ±3
dBA) and it was defined that the inaccuracy of the geo-
referencing process affects the noise map results negatively.

Noise monitoring systems are used frequently and provide
long-term measurement results. Alam et al. [66] mentioned
that the noise monitoring systems were used for the develop-
ment of 2D and 3D noise maps. 3D noise maps provide to
obtain reliable results of the noise level around the source of
noise in X, Y, and Z directions. Kalawapudi et al. [67] stated
in their study that measurements were made using the noise

Fig. 2 The process of the industrial noise mapping in the simulation software
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monitoring system integrated with GPS (Global Positioning
System) and stated that the noise levels of the whole model
can be predicted with a limited number of measurements.
Paschalidou et al. [68] investigated noise pollution in an ex-
tended motorway located in Greece. Researchers used both
computer modeling program and 3-year monitoring systems
in the strategic noise mapping process, the monitoring system
measurements were done at a height of 4 meters above
ground, and noise measurements per year were carried out
between 2013 and 2015. The authors underlined the impor-
tance of monitoring systems in their study. The monitoring
system helped to authors to evaluate noise levels and to per-
form the necessary calibration of the model for strategic noise
mapping. Bulkin et al.[69] investigated noise situation in an
urbanized area in the presence of vehicular and industrial
noise. In their study, utilizing the monitoring system, both
maximum and average values of sound pressure were ana-
lyzed to satisfy auditory comfort conditions.

Bite and Sillo [70] gave information about long-term noise
monitoring and dynamic noise mapping and explained the
case study, which was carried out in Dubai. The web-based
applications which help to access data more quickly were
developed by authors. In the future, web-based applications
based on noise monitoring will be widely used and will be
able to provide instant information about industrial noise. The
establishment of web-based and real-time noise measurement
monitoring systems is also targeted in studies in different
countries. For example, Alsina-Pagès et al. [6] stated for the
future goals to enable the real-time monitoring of the acoustic
environment of the country, the development of real-time op-
eration with a network of acoustic sensors deployed in
Andorra and Escaldes-Engordany was aimed. Noise monitor-
ing systems can detail the changes in noise levels over the
years and contribute to the determination of urban growth
policies. Xu et al. [71] mentioned that the noise monitoring
data from 111 cities in China from 1991 to 2017 was used to
analyze the relationship between noise pollution and econom-
ic development. In the study, it was clarified that the develop-
ment of the tertiary industry will increase noise pollution.
Noise monitoring systems can help planners and
policymakers to determine long-term development plans.

Since smartphones are widely used today, the use of
smartphones in noise measurement increases the total number
of measurement data in noise mapping studies. Hence, it is
observed that the use of smartphones in noise measurement
can be recommended in recent studies. For example, Picaut
et al. [72] mentioned the crowdsourcing approach for produc-
ing noise maps using a smartphone can be beneficial, and
physical data collection can be performed without territorial
limits. In the research of Lee et al. [73], crowdsourcing of
environmental noise data was obtained using smartphones
and noise maps were prepared. Due to the different types of
smartphones’ existence, researchers suggested calibrated

smartphone usage, and researchers claimed the viability of
using calibrated smartphones for the monitoring of environ-
mental noise. Marques and Pitarma [74] informed about noise
mapping through mobile crowdsourcing and the benefits
of smartphone usage in the noise mapping process were
clarified. Especially Marques and Pitarma [74] stated in
the study that crowdsourcing techniques applied to en-
vironmental noise monitoring provide creating reliable
noise maps at a low cost. In the literature, it can be
observed that there are also negative aspects of using
smartphones in noise mapping. Liu et al. [75] summa-
rized the criteria for the design of crowdsensing systems
and mobile applications about noise mapping in smart
cities and mentions smartphone crowdsensing systems’
advantages and disadvantages in the noise assessment.
About smartphone crowdsensing systems, six technical
challenges, which can be listed as noise measurement
accuracy, positioning accuracy, energy consumption, pri-
vacy preservation, and fine-grained mapping, were
clarified.

The Improvement of Environmental Quality

Improvement decisions are performed according to the noise
mapping results and the action plans specified in the noise
directive 2002/49/EC [13] are determined to enhance the en-
vironmental quality. Through the action plans, it is aimed to
reduce the number of people exposed to excessive noise. To
improve environmental noise, the improvements at the build-
ing scale and the improvements at the urban scale should be
considered separately in industrial noise analysis. For this rea-
son, “The improvement of environmental quality” section is
examined under two different subtitles.

& The improvements at the building scale
& The improvements at the urban scale

The Improvements at the Building Scale

In industrial noise control, successful results can be obtained
on the urban scale if the sound generated in the industrial
building can be reduced by intervening at the building scale.
In this context, the sound insulation level of the building en-
velope of the production building has great importance.
Bozkurt and Demirkale [7] mentioned in their research that
depending on seasonal temperatures, industrial units can op-
erate by opening their doors at different rates in order to re-
duce indoor temperatures. Analyses were made according to
the different door opening ratios and it was stated that the
number of people exposed to excessive noise in the residential
areamay increase due to the increase in the door opening ratio.
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Bozkurt and Demirkale [7] demonstrated that the sound insu-
lation level of the industrial unit-building envelope is an im-
portant parameter. Ensuring the door and window sealing in
terms of sound insulation reduces transmitted sound energy
from interior to exterior. It is necessary to cool the interior of
the industrial units with the central ventilation system in the
hot season and in this case, doors and windows should not be
opened for cooling the interior.

In industrial building, increasing indoor surfaces
sound absorption properties can reduce indoor noise
levels. Decreasing indoor noise level not only ensures
rehabilitation working conditions of workers but also
can decrease the excessive outdoor noise level. In their
research, Butorina et al. [12] suggested using baffles (as
sound absorptive materials) to reduce the interior noise
level in an industrial building; noise levels with sound
absorption improvements were calculated and the noise
level was decreased by 2–14 dBA at the workplaces.
Fan et al. [76] analyzed the noise of transformers in
the substation and it was aimed to reduce noise problem
through experimental investigations on the vibration. In
this research, the sound-absorbing structure, acoustic in-
sulation structure, and vibration isolators were used to
decrease noise. It was shown that by using vibration
isolators, the transmission of noise can be reduced and
the insulation level of residential areas can be increased.
Mendonça and Leite [27] stated that using a vibration
damper below the press machine can decrease noise
transmission. Prabu et al. [77] performed research in
the glass manufacturing industry to control industrial
noise. It was stated that some of the usual techniques
for control of sound in the transmission path are muf-
flers, vibration insolation, break mechanical paths, in-
creasing the transmission paths, use of sound absorptive
materials, and construction of heavy airtight enclosures.
In the research of Moravec et al. [51], noise reduction
from a wastewater treatment plant was explained. Noise
reduction in wastewater plants was achieved by means
of the replacement of ventilation grilles with acoustic
blinds and the providing the acoustic insulation of air
distribution pipes.

In general, it is recommended to use earplugs to protect the
health of workers where industrial noise is active. Tomozeı
et al. [29] analyzed industrial building interior noise levels and
stated that to protect workers from noise, earplugs can be used
in areas where noise levels of about 80 dB are recorded. Prabu
et al. [77] stated that an ear protector is used to reduce the
effect of ambient sound on the auditory system and mentioned
two different types of ear protectors, which are earplugs and
earmuffs. Lim et al. [30] stated that workers were used ear-
plugs in the rubber factory but it is not only enough to provide
requirements. Also, barrier usage was suggested to improve
the interior of the rubber factory environment quality.

The Improvements at the Urban Scale

It is essential to design urban planning by taking noise mea-
sures to provide auditory comfort conditions. In this context,
when the noise reduction measures are concerned at the first
design stage, healthier living spaces can be obtained. Bozkurt
and Demirkale [7] indicated that the location of the industrial
areas must be designed properly in terms of noise control and
public health in the city planning process. Morillas et al. [78]
investigated the topic of noise pollution and urban planning
and stated that good relationships between urban planning and
different factors such as urban density, urban morphology,
urban land use, street distribution, street environment, and
green spaces exist. Morillas et al. [78] mentioned that several
studies have been performed to connect noise levels with ur-
ban planning and urban morphology. Also, Morillas et al.[78]
explained that new areas may be more comfortable than tra-
ditional areas when noise levels are taken into consideration in
the city design process by those responsible for the new urban
design. Yuan et al. [54] stated that high-density and high-rise
building areas can contribute to noise pollution and because of
this reason, controlling building density is an important pa-
rameter in noise control. Kalawapudi et al. [67] indicated that
unplanned city areas negatively affect silence zones. The ve-
hicle road, which provides access to industrial zones, is one of
the important parameters in urban planning. In the research of
Lokhande et al. [53], it was stated for surrounding mining and
industrial areas of Keonjhar, the present noise level is at 60%
of the locations in silence and residential zone exposed
to high noise levels than the maximum required value
determined by Indian central pollution control board and
it was proposed to construct alternative transportation
routes to improve the noise level.

To prevent industrial noise transmission from industrial
areas to settlements, noisy industrial areas should be located
away from residential areas as much as possible. In Eq. 7
(Adiv, attenuation due to geometrical divergence), it is under-
stood that when the distance from the source to receiver in-
creases, attenuation also increases. For this reason, industrial
areas should be designed as a different zone away from living
spaces and should be located as far away from living spaces as
possible. Separating living spaces and industrial areas and
increasing the distance between them is a good approach in
terms of noise control. In addition, the design of a protective
green zone between residential and industrial areas can be
useful to reduce noise pollution (Fig. 3a). Kotzen and
English [79] indicated in their books that it may be beneficial
to increase the distance of the noise sources from the receivers
and design green areas between them. Yuan et al. [54] men-
tioned that forest areas and grasslands can reduce noise but
forest areas can bemore effective in reducing noise than grass-
lands. Margaritis and Kang [80] stated that at the macro-scale,
the green space pattern affects not only the structure of the city
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but also the noise levels in combination with the rest of the
morphological parameters. Also, Margaritis and Kang [81]
performed research about the relationship between green
space-related morphology and noise pollution, and green
spaces’ effects on noise pollution at the urban scale were in-
vestigated. In the research, it was determined that lower noise
levels can possibly be obtained in cities with a higher extent of
porosity and green space coverage.

Barrier design is one of the common methods used to re-
duce noise levels. Butorina et al. [50] determined that the most
spread measures to decrease noise are the installation of noise
barriers and usage of sealed glazing system that has sound
insulation properties. In Eqs. 10 and 11 (Abar, attenuation
due to a barrier), it is observed that when the barrier high
and barrier length increases, the barrier attenuation also in-
creases in general. Jaramillo and Steel [82] explained barrier
arrangements in their book and stated that increasing the site
settlement level can also reduce the required barrier height
(Fig. 3b). Increasing the site settlements level is very effective
to control noise pollution when there is a noise source on the
roofs of industrial buildings (Fig. 3b). Designing the industrial
zone at the lower elevation according to the residential area
provides to decrease in barrier height (Fig. 3b). A very high
single barrier design may not be preferred when there is no
level difference between living spaces and industrial areas. In
these cases, it may be desired to provide a barrier system by
creating earth mounds (Fig. 3c). Kotzen and English [79] in-
dicated in their books that earth mounds barrier type may have
a natural appearance and may not appear to be noise barriers at

all. Besides, Kotzen and English [79] stated earth mounds
barrier type may be less costly to maintain and usually have
an unlimited life span. When industrial noise sources exist on
the factory roof, the noise barrier system should have enough
height. In such cases, the earth mounds barrier system be-
comes too high. Hence, for his reason, the earth mounds bar-
rier system may not have a natural appearance due to the
height properties (Fig. 3c). Kotzen and English [79] stated that
earth mounds barrier type can be designed with planting or
without planting and extended planting area can prevent to
perceive the mound form (Fig. 3d). Afforestation of the top
of the earth mound and the edges of the earth mound contrib-
ute to achieving the natural view (Fig. 3d).

In the research of Bozkurt and Demirkale [7], a sound barrier
design near the industrial site was suggested to decrease the
number of people affected by noise, and through noise barrier
suggestion, the number of people affected by noise was de-
creased considerably. Paschalidou et al. [83] stated in their re-
search that it was suggested to build noise barriers approximately
2700 m long for the protection of 25 school complexes and 2
residential areas. In the study of Jung et al. [52], barrier optimi-
zation was analyzed and it was stated that noise barrier optimi-
zation would help to prevent people from construction noise
exposure. Zannin et al. [48] researched the application of artificial
neural networks for noise barrier optimization, and through the
application of simulated noise barriers, it was expressed that
noise levels can be decreased to legally acceptable levels.
According to the results obtained from the simulations, it was
shown that the absorption coefficient strongly affects noise

Fig. 3 The improvement strategies of industrial noise control: a
increasing distance and designing protective green zones between
industrial areas and settlements, b designing the industrial zone at the

lower elevation according to the residential area and barrier design, c
earth mounds barrier type, c earth mounds barrier type extended planting
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attenuation provided by noise barriers. Also, Zannin et al. [48]
indicated that transmission loss of an acoustic barrier is more
affected by the absorption coefficient of the barrier than by its
height, while the acoustic shadow is more affected by the height
of the barrier than by its absorption coefficient. In the literature, it
may be seen that barrier systems are designed not only to reduce
noise pollution but also to produce energy from solar energy.
Kanellis et al. [84] researched the noise barriers which is used
in both noise reduction and energy production. Bognár et al. [85]
showed that noise barrier systems can be used to not only de-
crease noise levels but also produce energy from the sun.

In the literature, too many material-based researches are
carried out to sort out noise problems in cities. Licitra and
Vogiatzis [86] stated that the scientific community is moving
towards new acoustic solutions that also look at the green
economy, recycling, new pavements, and sustainable vehicles
and tires. In the scope of this, the acoustic properties of barrier
system and road surface properties have great importance to
reduce noise pollution, and material-based researches are car-
ried out frequently in the literature. Barrier system sound ab-
sorption properties and transmission loss properties can be
enhanced in a line with the change of thickness of barrier,
surface type, mixture type. Kotzen and English [79] indicated
that covering the barrier surface with a sound absorption ma-
terial reduces the strength of the reflected ray. Accordingly,
excessive noise levels in urban areas can be decreased by
means of the increase of the sound absorption of barrier sur-
faces. Mortar-based sound barrier systems are usually used in
urban areas. Hence, in the studies that are seen in the literature,
sound absorption properties based on mortar mixture type are
usually investigated to improve material acoustic properties.
Maheswaran et al. [33] analyzed the power press industry
noise map and showed that indicate the highest levels of noise
was ranging from 80 to 110 decibels. To reduce noise due to
the press industry, Maheswaran et al. [33] suggested to use
barrier which produced with gypsum; three different mixture
which the quantity of coir varies from 1g, 3g, and 5g respec-
tively were analyzed; transmission loss measurements are car-
ried out according to ISO 10534-2:1998 [87] standard and the
highest transmission loss was acquired from in the composite
containing 5 g of coir. Gandoman and Kokabi [88] investigat-
ed sound barrier properties of sustainable waste rubber/
geopolymer concretes, and Gandoman and Kokabi indicated
that waste rubber geopolymer concrete mixture type can pro-
vide to obtain higher sound transmission loss and better sound
absorption compared to conventional concrete samples.
Bozkurt and Demirkale [89–93] investigated mortar mixture
types produced with a natural hydraulic lime binder (NHL
3.5) to increase the sound absorption of the plasters. In the
first step of the research [89], mixture types, which are used in
building restorations, were analyzed. In the second step of the
research [90], it was offered new mortar mixture types pro-
duced with river sand aggregate type to increase sound

absorption. In the third step of the research [91], the use of
the lightweight aggregate in mortar mixtures was analyzed
and it was suggested new mortar mixture types produced with
pumice aggregate type to enhance sound absorption in the
plaster layer. In the last step of the research [92], the use of
perlite aggregate type as the lightweight aggregate in the mor-
tar mixtures was investigated. As a result of researches, it was
identified that decreasing the amount of binder ratio can in-
crease the sound absorption coefficient [90], the use of very
fine aggregate can decrease the sound absorption coefficient
[90], and the use of polypropylene and flax fiber additive can
enhance sound absorption at low frequencies [90–93]. Also, it
was determined that the use of crumb rubber instead of aggre-
gate can increase sound absorption significantly at low fre-
quencies [90–93] and the use of lightweight aggregate type
can be a good way to improve sound absorption coefficients
[91, 92]. In the research of Corredor-Bedoya et al.[94],
Mohammed et al.[95], Pastor et al.[96], Medina et al.[97],
Holmes and Browne [98], and Sukontasukkul [99], it was
demonstrated that the use of crumb rubber in the place of
aggregate can affect the sound absorption coefficient positive-
ly at certain frequencies.

The acoustic properties of road covers and pavements are
one of the important parameters in the urban scale and new
solutions related to road covers, which are generally used as
asphalt covering and concrete covering, are researched to de-
crease noise pollution. In Eq. 9, it is demonstrated that when
the G value of the ground covering increases, also, the atten-
uation due to the ground effect (Agr) increases. The G value is
related to the sound absorption coefficient, and as the G value
increases, the sound absorption coefficient generally in-
creases. For this reason, as the sound absorption coefficient
of road covering increases, the level of reduction due to
ground attenuation increases, and this situation contributes
to the reduction of noise pollution. In the research of Chu
et al. [100], the sound absorption characteristics of porous
asphalt pavement wearing course mix designs were investi-
gated, and the effects of the mixture properties, which are the
percent porosity of mixture and degree of clogging that oc-
curred, were analyzed. It was shown in the research that the
sound absorption coefficient can increase as the porosity in-
creases and clogging of the pores in the mixtures can cause to
decrease sound absorption coefficient significantly. Vaitkus
et al. [101] investigated commonly used asphalt concrete
(AC), stone mastic asphalt (SMA), porous asphalt (PA), and
a concept of noise-reducing asphalt mixtures. In the research,
the sound absorption coefficient for each asphalt mixture with
optimal binder content was examined and it was showed that
porous asphalt mixture type has the highest sound absorption
coefficients in the frequency range from 500 to 2000 Hz.
Wang et al.[102] researched improvement of acoustic model
and structural optimization design of porous asphalt concrete.
In the study, it was depicted that mixture type air void ratio
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can enhance sound absorption and low-frequency sound ab-
sorption performance can be increased by means of the in-
creasing pavement thickness. In the research of Chu et al.
[103], sound absorption characteristics of pervious concrete
were examined, pervious concrete and porous asphalt were
compared, four porosity levels of pervious concrete and po-
rous asphalt were investigated (10%,15%, 20%, and 25%),
and the effect of clogging was analyzed. In the study, it was
found that in both pervious concrete and porous asphalt mix-
tures, the sound absorption performance reduced as the per-
centage of clogging increased, the increase of specimen thickness
can enhance low-frequency sound absorption performance, and
pervious concrete can demonstrate a better sound absorption ca-
pability than porous asphalt. Shen et al. [104] examined basic
oxygen furnace slag for substitution of aggregate in porous asphalt
mixture and researched the change of aggregate type used in as-
phalt coating. In the research, it was demonstrated that the use of
basic oxygen furnace slag as aggregate in the asphalt layer can
enhance sound absorption performance. In the study of Zhao et al.
[105], porous sound-absorbing concrete slabs were investigated to
reduce railway noise and different types of mixtures are prepared
to achieve noise reduction. It was determined that the use of su-
perfine aggregate type can decrease sound absorption, the use of
lightweight aggregate type can improve sound absorption and the
use of polypropylene fiber additive can enhance sound absorption.
In the research of Oancea et al. [106], the sound absorption coef-
ficient of sustainable concrete with different waste replacements
are investigated, and five different types of sustainable concrete,
which consist of polystyrene granules, polyethylene terephthalate
granules, corn cob granules shredded sunflower stalk, and balls
made of sheepwool, were analyzed. Oancea et al. [106] stated that
each of the sustainable concrete has sound absorption coefficients
higher than those of the conventional concrete and in the cities, and
these types of materials can be used as a sustainable solution for
both waste and noise problems.

It is seen that material-based researches improving
acoustical properties are a very wide research subject
and it is understood that too many different studies
about material-based researches improving acoustical
properties exist in the literature.

Conclusion

The noise pollution should be controlled to provide auditory
comfort conditions and healthy living areas. In this research
article, noise pollution, which is related to industrial activities,
is detailed. First, the negative effects of excessive noise on
human health and the types of noise sources encountered in
industrial areas are explained. The importance of industrial
noise mapping is expressed and evaluation methodologies
are clarified. In the “The Strategic Noise Mapping Process
Based on Industrial Noise” section, the strategic noise

mapping process based on industrial noise is detailed; calcu-
lation methodology in industrial noise mapping, which is re-
lated to outdoor sound prorogation, is clarified; preparing in-
dustrial noise maps with computer modeling is explained; and
noise measurements and monitoring systems are explained.
As a result of the industrial noise mapping, existing excessive
noise problems can be determined and improvement sugges-
tions can be presented in this direction. As a result of the
industrial noise mapping, it is understood that existing exces-
sive noise problems can be determined and improvement sug-
gestions can be presented in this direction. In “The
Improvement of Environmental Quality” section, the method-
ologies about the improvement of environmental quality,
which may be at the building scale or the urban scale, are
defined in detail. The measures, which can be specified inside
the building and at the noise source, are explained, and the
suggestions, which can be considered at the city scale, are
clarified.

In summary, the main measures, which should be consid-
ered at the building scale, are as follows:

& To increase the sound insulation level of the industrial
building envelope,

& To increase the sound absorption level inside of the indus-
trial building, and

& To control the noise level at the noise source.

The main measures, which should be considered at the
urban scale, are mentioned below:

& Noise pollution should be considered as an important pa-
rameter in urban design and urban designs should be per-
formed to include noise measures.

& The distance between the source and the receiver should
be increased as much as possible. If it is possible, indus-
trial zones should be designed in different areas, which are
away from residential areas.

& The design of a protective green zone between residential
and industrial areas is a good way to reduce noise
pollution.

& The design of a noise barrier can decrease noise
levels in the living spaces and design parameters
should be considered.

& Material-based improvements (increasing sound absorp-
tion performance or sound transmission loss performance)
can improve noise level at the urban scale.

Material-based researches improving acoustical properties
can be investigated in many different ways and include a wide
range of research areas. Different material-based researches
improving acoustical properties are a very broad research sub-
ject in terms of literature research. It is estimated in future
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studies that this article can be useful for professionals working
on noise mapping and academic researchers.
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