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Background: Noise pollution is currently a major risk factor in industries in both developed and
developing countries.The present study assessed noise pollution in the knitting industry in Iran
in 2009 and presented a control method to reduce the rate of noise generation.

Methods: The overall noise level was estimated using the network environmental noise as-
sessment method in Sina Poud textile mill in Hamadan. Then, frequency analysis was per-

formed at indicator target stations in the linear network. Finally, a suitable absorbent was rec-
ommended for the ceilings, walls, and aerial panels at three phases according to the results
found for the sound source and destination environment.
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Results: The results showed that the highest sound pressure level was 98.5 dB and the lowest
was 95.1 dB. The dominant frequency for the industry was 500 Hz. The highest and lowest
sound suppression was achieved by intervention at 4000 Hz equivalent to 14.6 dB and 250 Hz

in the textile industry.
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Conclusions: When noise control at the source is not available or insufficient because of the
wide distribution of the acoustic field in the workplace, the best option is to increase the absorp-
tive surface of the workplace using adsorbents such as polystyrene.
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Introduction

oise pollution is an underlying concern in social,

administrative and industrial arenas. Its adverse ef-

fects on the environment, human beings, production,
and even on the economy continue to grow. The textile indus-
try is one of the oldest in the history of civilization because
clothing is a basic human need after food. Exposure to noise
in the modern textile industry is common and can cause tem-
porary or permanent hearing threshold loss and other disor-
ders depending upon the length of exposure, intensity, and
frequency, as well as individual sensitivity. The most signifi-
cant effect of noise pollution is hearing loss and hearing im-
pairment.” Other effects include increased risk of accidents”,
increased stress, hypertension, increased heart rates, interfer-
ing with employee communication, sleep disturbance, behav-
ior disorders”, and psychological trauma.”*

Atmaca et al’ evaluated noise level and its physiological
effect on workers of several industries in Turkey, including
cement, steel, and textile industries. They found that the noise
levels in all these industries were higher than 80 dB (A). In
addition, 77.83% of workers in the industries were dissatis-

Monazzam-Esmaeelpour MR, Hashemi Z, Golmohammadi R, Zaredar N. A Passive Noise Control Approach Utilizing Air Gaps with Fibrous Materials

fied with their workplaces, 60.96% were suffering from anxi-
ety, and 30.96% experienced some degree of hearing loss.
Farouk et al®studied hearing loss in 70 workers in the textile
industry in Turkey and found that the rate of hearing loss was
30% in the exposed group and 8% in the non-exposed group.
Hearing loss increased as the level of noise increased and
reached 73% in the 95 dB (A) range.

The National Institute for Occupational Safety and
Health” took remedial action by covering the outside frame of
stroke machinery with damping materials (EARC 2003). The
result of this action was a 9 dB decline in noise. Monazzam et
al"” investigated noise control for spinning machines. In this
study, a 2-3 dB reduction in noise was achieved using partial
barriers mounted on the front of the spinning machinery. Mill
et al'' applied absorbent material for noise reduction to a
weaving mill in 3 phases: applying absorbent material to the
ceiling and walls, using of ceiling hangings, and improving
the weaving machinery.

The textile industry in Iran dates back 4000 years and has
been industrialized for more than 100 years. The large size of



the workforce, the importance of the industry, and the effects
of the noise pollution, are the importance and necessity find-
ing techniques for reducing noise in the workplace.

The current study was performed in 2009 in a weaving
factory and focused on providing technical strategies for
noise control to reduce worker exposure to the recommended
exposure limits. The unique focus of this study is to find
strategies to reduce low frequency noise with the use of ab-
sorbent dampers as a solution to noise pollution.

Methods

The study was carried out in the weaving unit of Sina
Poud textile mill in Hamadan. Initially, primary information
was collected about the location of the noise sources and ma-
chinery mechanisms and architectural plans for the dimen-
sions, size, and ceiling slopes. Maps of the main production
hall, extensions maps, a map of factory noise sources, and
information about the structures (area, material, thickness of
walls and ceiling, doors, windows, and flooring) were also
collected. The factory under study had dimensions of 41 x 30
x 5 m®. It contained 35 weaving machines installed at uni-
form intervals. Ten operators monitored machine perfor-
mance in three shifts; morning, evening, and night.

In the next step, noise measurement was done in the pub-
lic areas to determine the distribution of sound pressure in the
weaving unit. The study unit was divided into raster of equal
dimensions (6 x 6 m); the center of each area was the measur-
ing station. A total of 45 stations were determined in the
study unit. A network was formed according to 1SO 9612
using a sound level meter (TES 1385) with an analyzer that
was calibrated using a standard calibrator (B & K, model
4231). The microphone faced the workers’ heads and calibra-
tion was done in their absence, based on 1SO 9612."°A sound

level meter was set up 1.55 1 0.075 m above the ground and

ambient noise levels were recorded graphically and computa-
tionally using ARCGIS and the results were plotted graph-
ically. To evaluate the frequency characteristics of the sound
in the unit when workers were present and working, 8 repre-
sentative stations were selected that had the highest worker
traffic and a stopping-frequency analysis in was done for the
network. The results from the noise analysis in the octave
frequency were used to develop control technigues.

In this study, the emphasis was on reduction techniques
along sound propagation pathways with a focus on the use of
different absorbers at various phases. An estimation of noise
reduction was calculated using the absorption coefficients for
the material and absorbers at each phase (ceiling, walls, and
spatial panels) separately and for a combination of eight fre-
quencies. The results were processed using MATLAB and
MS Excel.

Controlling strategies

Because of the uniform distribution and the large number
of the dominant sources of ambient sound, the best technique
to reduce the general noise in the unit is to survey the overall
reduction in sound energy comprising direct and reflected
sound waves. The most significant strategies in order of de-
crease in noise pollution were:

e use of adequate sound absorbers on practical surfaces
o use of spatial panels (practical absorber)
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In the textile industry, the temperature and moisture in the
work environment must be considered when selecting ab-
sorbers. In addition, durability, absorber lifetime, the aesthet-
ic landscape, ease of installation must be considered.

The absorber that fulfilled these requirements the best for
the ceiling was fire-proof polystyrene foam. This absorber
had a thickness of 1 in and an area of 882 m? This thickness
provides the highest absorption coefficient for the considered
frequencies (250-500 and 1000 Hz); its area was determined
according to ceiling dimensions. The absorber was mounted
leaving a gap of 17.1 cm to better absorb low frequencies. A
fulcrum was needed to attach the absorber to the ceiling, so a
35 mm shield with network dimensions of 50.5 x 50.5 was
selected. The absorber for the walls was a fluffy loop carpet
with a surface density of 1.4 kg/m? and a shaggy hemp layer
with a surface density of 3 kg/m? with an area of 300 m’.
These dimensions were determined in consideration of the
space needed to mount the absorber on the wall.

Spatial panels were used to enhance the absorption sur-
faces. An aluminum cylinder with a base radius of 30 cm and
a height of 35 cm was selected and the fluffy loop carpet de-
scribed above was mounted on the cylinder. A layer of carpet
was also mounted inside the cylinder and covered the frame.
One cylinder end remained uncovered to allow the inner sur-
face of the cylinder to be part of the absorption area. The
cylinder was hung from the ceiling using wire at a height of 1
m. The space between each two panels was 4 m in length and
3 m in width; overall, 100 panels were mounted on the ceil-
ing.

Estimating the noise reduction

To estimate the amount of noise reduction, the surface ab-
sorption was calculated before mounting the absorber, con-
sidering the types of materials applied and the area in the
study environment. To do this, the surface absorption was
calculated using the Eyring equation * as follows:

— (SW X oy +Sc xac +S; xaf)
at =

St @)
A=-SxLnll-a)

Where Sy, is the area of the walls, a,, is the average ab-
sorption coefficient of the walls, S¢ is the area of the ceiling,
a. is the average absorption coefficient of the ceiling, S; is
total area of the floor, and a; is the average absorption coeffi-
cient of the floor.

The influence of distance can be ignored given the rela-
tively uniform distribution of the noise propagation and
source dispersion in the weaving environment. Overall, the
reduction of noise level in such an environment can be calcu-
lated as'":

A
NR =10log—2 @)
A

where A, is surface absorption after remedial action, A; is
the surface absorption before remedial action, and NR is the
noise reduction after remedial action.

Eq. 2 requires the calculation using Eq. 1 of the surface
absorption before beginning the design. Surface absorption
can then be estimated by controlling the design for space and
type of material. The reduction on the overall noise level can
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be determined from the absorption of the two surfaces and
Eqg. 2. The design required 3 steps.

e Step one: Determining type of material, the absorption
coefficient and surface dimensions.

The weaving unit was 41 m long, 30 m in width, and 5 m
in height to the suspended ceiling. The floor is mosaic tile,
the walls are 5 cm bricks and 30 cm of granite coping was
installed along the floor line. The lateral surfaces of the ma-
chinery were galvanized sheet 1.6 mm thick and the suspend-
ed ceiling was aluminum with 1.6 mm galvanized skeins. The
door was iron. Details of the acoustical properties of the ma-
terial can be found in Cox **.

e Step two: Determining the equivalent surface absorption
coefficient before designing.

Given the materials type and area, the overall absorption
coefficient of the study area in octave band frequencies is
calculated using Eq. 1. The study unit surface absorption for
the acoustic spaces is lower than the results of the acoustic
spaces Sabine. The sound field is reflective and increases the
sound. The Sabine calculation for this space reveals that, at a
frequency of 1000 Hz, for example, the weaving unit in an
overall area of about 3200 m® has a complete absorption rate
equal to a space with an area of 53.7 m.

e Step three: Determining the type of materials and area
required to reduce noise pollution.

The material suggested for the suspended ceiling is 1 in
thick fire resistant polystyrene. The advantage of this product
is that it can be produced in any shape and size. On the other
hand, as shown in the results, the highest sound pressure level
is at a 500 Hz, considered to be a low frequency. The absorb-
er amplitude must be enhanced to improve absorption at this
frequency. Free space between the absorber and the wall al-
lows it to perform better, particularly at low frequencies. If
the predominant frequency of the incoming wave equals 500
Hz, according to the formula, the wavelength of the sound
would be 0.68 m. The highest absorption coefficient was
measured as 1.4 A4 in higher harmonic frequencies, and the
lower absorption coefficient was 1.2 A in higher harmonic
frequencies. The sound wave had the highest absorption coef-
ficient of 1.4 1. By replacing the porous materials at 1.4 4,
higher absorption can be achieved considering the maximum
speed of sound and motion of the material components.™***

The absorber would be installed at a distance of 17.1 cm
(1.4 2) mounted on an aluminum shield holder with no space.
The Delany and Bazley equation” was used to determine the
absorption coefficient of absorber placed on a firm surface at
a distance of 17.1 cm:

ZSi+1:_jZi cot(k,;d; ) 3)

where Z ) is impedance at the bottom of the i+1 layer,

K, is the wave number for the i" layer and d; is the thick-

ness of the layer. Impedance of the absorbent material is cal-
culated using Delany and Bazley empirical formulations. In
Eqg. 3 is applied first to the air layer and second to the absorb-
er layer. For the air layer:

Zg = —jpoCo cot(kd,) (4)
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where K is the wave number for the air and d; is the air

thickness. p,C, is the specific acoustic impedance of air (419
MKS rayls). For the absorbent layer:

_ — izep7; cot(kxpdy )+ 25
Zg — jz cot(kx,dy)

Zso (5)
where Z, is the absorbent layer impedance determined by
the Delaney and Bazely method."

The flow resistance of the absorber was 20000 MKS
rayls. The amount of absorption is shown in Figure 1.

Figurel: Isosonic map and machinery position in the weaving unit dB

(A)
Results

The results of measurement of background noise in the
weaving unit showed that the highest and the lowest sound
pressure levels were 98.5 dB(A) and 9.1 dB(A), respectively.
Figure 2 shows the distribution of sound levels in the study
unit.
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Figure 2: Frequency analysis diagram of different posts-weaving unit

In the weaving unit, the yarn produced in a previous stage
is woven into fabric by machine. All machines are sources of
sound pollution. The sound producing components were the
reciprocating motion of the hasp, continuous and rapid mo-
tion of the head frame, and the beating and knocking motions
of the comb.



The sound maps of the new weaving unit showed that the
nearer the machinery and the entire unit overall had higher
values than the allowed limit (95-97 dB). The position and
distribution of the machinery, similar work processes and
surface materials (often reflective) can be considered causes
of the relatively uniform distribution of noise in the work-
place. Figure 3 shows the frequency analysis of the different
posts in the unit. The peak noise is at frequencies of 250-500

and 1000 Hz.
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Figure 3: Acoustic response of the ceiling when is installed on a layer of air

Table 1: Overall absorption coefficient of ceiling and wall components
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As shown, although the ceiling frequency response under
new design conditions improved as frequency increased, at a
frequency 500 Hz, it suddenly increased because of the dis-
tance being one quarter of the predominant sound frequency
wavelength. It is worth mentioning that the environmental
measurements were done in octave bands, while the results
were obtained in the narrow band. A correction was done and
the absorption coefficients in the octave band were calculated
considering the width of each octave band and averaging
each bandwidth separately. The results for the new design are
shown in Table 1.

Constraints for installing the fluffy loop carpet on the
walls, such as the existence of several components, mechani-
cal impact, machinery, and personnel traffic, this absorber
was mounted directly on the walls to enhance the mechanical
strength. Accounting for the skeins, doors and windows, and
other issues, 300 m? of total a total of 710 m? of absorber can
be used.

In addition, 100 panels made of fluffy loop carpet with a
shaggy hemp layer and an aluminum frame was used on the
ceiling. Results of acoustic properties of the weaving unit in
the circumstances after designing are presented in Table 2.

The average reduction in sound level inside the weaving
unit was estimated using Eq. 2 and the results are presented
in Table 3. Figure 4 shows the results of comparison of sound
pressure level in conditions before and after intervention.

Frequency (Hz)
Material name Area (m?) 125 250 500 1000 2000 4000
Panel 50.26 0.2000 05000 0.6800  0.7200 0.6500 0.9000
1 inch polystyrene foam on an air layer to the thickness of 0.171 m. 882.00 0.0100 0.0500 0.2200  0.5300 0.8800 0.9700
Shield (metal) 348.00 0.0300 0.0070 0.0010  0.0006 0.0002 0.0002
General absorption coefficient of ceiling 1280.26 0.0200 0.0600 0.1800  0.4000 0.6000 0.7000
fluffy loop carpet (1.4 kg/m? )with a shaggy hemp layer (3 kg/m?) 300.00 0.2000 05000 0.6800  0.7200 0.6500 0.9000
Indoor hard surfaces 410.00 0.0300 0.0070  0.0010 0.0006 0.0002 0.0002
Overall absorption coefficient of the walls along with other indoor sur- 710.00 0.1000 0.2000 0.2800  0.3000 0.2700 0.3800
faces
Table 2: Acoustic properties of the weaving unit in the circumstances after designing
Absorption coefficient
Surface Material Area (m?) 125 250 500 1000 2000 4000
Floor (no change) Mosaic 1230 0.01 0.01 0.01 0.02 0.02 0.02
Ceiling (intervention Table 1) Foam- panel- Arial layer 1280 0.02 0.06 0.18 0.40 0.60 0.70
Wall (intervention Tablel) Carpet- Brick 710 0.10 0.20 0.28 0.30 0.27 0.38
Table 3: Equivalent absorption coefficients, surface absorption and average sound level reduction after designing in octave-band frequencies
Octave-band frequency (Hz)
Quantity 125 250 500 1000 2000 4000
Equivalent absorption coefficient (%) 0.04 0.07 0.14 0.23 0.30 0.40
Absorptive surface (Sabine) 130.00 231.00 448.00 750.00 984.00 1191.00
NR (dB) 0.02 181 4.70 11.52 13.50 14.64
Discussion

Advances in technology require people to coexist unhappily
with sound sources in a stressful environment. About 600
million workers are exposed to the occupational noise’”.
When the noise level exceeds allowable limits, it has harmful
effects on the human body, including on hearing, the circula-
tory and nervous systems, on and work efficiency."”

From studies conducted on the textile industry, it can be
concluded that the sound level in this industry is much above

the allowable limit, particularly in the industrial units. Per-
likowski'’ evaluated noise in a textile mill and reported that
sound pressure level in different sectors varied from 95 to
104 dB (A), and highest sound level was recorded at 500,
1000 and 2000 Hz. Ni Chun-hui et al.** studied the relation-
ship between blood pressure and exposure to the industrial
noise in females working in a textile mill. The results from
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ambient sound measurement showed that noise levels were
80.1dB (A) to 113.5 dB(A).

Atkama’ in Turkey measured the volume in textiles indus-
tries at 99 dB, which is similar to the results for the present
Study.

100 -

95 -

125 250 500

F(Hz)

1000 2000 4000

—o— Before intervention —— After intervention

Figure 4: Comparison of sound pressure level in conditions before and after
intervention

Noise has always accompanied the textile industry.
Weaving mills have changed little change since the industrial
revolution. The most common sound sources from the hasp,
picking arm, and heald. The frequency spectrum of this pro-
cess is usually of high frequency. Sound sources are difficult
to remove, since they are inherent parts of the work process.
A survey of the sound maps developed for a new weaving
unit (Fig. 1), machinery location, and the overall study area
suggests that it is higher than allowance limits (98 dB(A))
and the study area is considered to be 100% polluted. The
results of the frequency analysis of the one octave band in the
Lin network (Figure 2) showed that the main frequency
comes from the weaving machines at 500 Hz. The Delaney
and Bazely equation’” was applied to determining the absorp-
tion coefficient.

The overall absorption was 0.05 (absorption coefficients
of floor, ceiling, and walls) for the main frequency (500 Hz).
The Sabine value for the area was 151.2 m”.

The best way to control noise pollution is to implement
control techniques at the source. This is not always applica-
ble, especially for machinery in the operation phase. In the
textile industry, sources are classified as surfaces (by dimen-
sion), machinery and mobile components of hard metal (iron
and steel), and machinery arrangement throughout the study
area. The perimeter of the machinery location was also im-
portant. A peripheral study determined that textile mills usu-
ally have a large area and a low ceiling, so there is no normal
Sabine value for the acoustics in such rooms.

Factory buildings usually have little absorbent surfacing;
as a result, absorption is insignificant. The present study
found that the Sabine value or absorption surface can be
modified by making changes in the interior industrial envi-
ronment. Fire proof polystyrene absorbers 1 in thick were
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applied to the ceiling and fluffy loop carpet with a shaggy
hemp layer was applied to the walls. Restricting factors in
industry such as high temperatures, humidity, cost, efficien-
cy, chemical and physical resistance to environmental factors,
ease of installation, and the aesthetics of the design are fac-
tors that require consideration.

In the weaving unit, fire proof polystyrene absorber had
an area of 882 m”. The predominant frequency was in the low
frequency range (500 Hz). To enhance the absorption coeffi-
cient, the polystyrene absorber was mounted on the ceiling
leaving a gap. The highest absorption coefficient was 1.4 A at
higher harmonic frequencies, so the gap was 17.1 cm from
the ceiling. Spatial panels are also an option to control noise
and were applied in this study to increase the absorption sur-
face. The panel was a cylinder 40 cm diameter at the base and
70 cm high; 100 panels were installed in the study area.

According to the calculations in the overall absorption
coefficient of the ceiling (Table 1), the value of this parame-
ter (a combination of panel, foam installed on the layer of the
air, shield) at 500 Hz was 0.18. As expected, the highest ab-
sorption coefficient is related to 4000 Hz and the lowest one
is at 125 Hz; because in sheet absorber, the highest coeffi-
cients correspond to the high frequencies and the lowest one
are related to the low frequencies.

The skeins, doors and windows and other aspects of the
weaving unit reduced the total absorber area to 300 m? out of
a total of 710 m? in wall area. Table 1 shows that the overall
absorption coefficient of walls for 500 Hz was equal to 0.28.
The overall absorption coefficient of the weaving unit at 500
Hz was equal to 0.14. The absorption surface at the same
frequency was 448 m?, which is an increase of 2.8 times the
conditions before the intervention. Overall noise reduction
was calculated as a maximum of 14.5 dB at 4000 Hz and the
least was 0.02 dB at 125 Hz. At the predominant frequency,
noise reduction was 4.7 dB, which is below the allowable
limit.

Mills et al."" applied absorber materials for noise reduc-
tion of weaving machines for three work phases on the ceil-
ing, the walls and hung from the ceiling and also improved
weaving machinery. He found that noise reduction at 1000-
2000 Hz and 4000 Hz was much easier than at lower fre-
quencies, which confirms the results of this study. Monazzam
et al."’ reduced noise about 2-3 dB by using partial barriers
mounted in front of spinning machinery. From results of their
study, it can be concluded that methods such as the use of a
barrier are the most efficient in environments with high ab-
sorption coefficients. This finding confirms the results of the
present study.

Differences in noise reduction at octave frequencies can
be a result of several factors. Sheet absorber structure and the
physics of acoustic waves cause differences in noise reduc-
tion for low and high frequencies. Since for low frequencies,
sound waves have long wavelengths, the thickness of the
sheet absorber is negligible compared to the wavelength of
incoming sound. The majority of the sound passes through
the absorber layer and collides with the wall behind the ab-
sorber, thus, the absorber only absorbs a small portion of the
sound energy. At high frequencies, the wavelength of the
sound is short and the thickness of sound absorber is able to
absorb the sound energy. This was confirmed by the findings
of Mills.”" It should be noted that very little has been pub-



lished on the types of absorbents used in industrial noise con-
trol.

Conclusions

One appropriate method for closed environments (most
industries) is to correct the internal environment absorption
coefficient using the absorption method for the base absor-
bent. This is most efficient for high frequencies but shows
limited success at low frequencies. Increasing the thickness
of the absorbent helps, but is not an economical alternative.
The solution proposed in present study (leaving an air gap of
varying thickness between the absorbent and the wall or ceil-
ing surface) can remove this constraint and improve the per-
formance of the absorbent at low frequencies.
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