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ABSTRACT 

Effective noise reduction is essential because it can influence the health and well-being of living organisms 

significantly, both physically and psychologically. This necessitates the use of appropriate absorbing materials to 

minimize the negative impact of noise. In recent years, there has been growing interest in using jute, coir and 

natural fibre-based acoustic materials in architectural and interior applications due to their exceptional acoustic 

properties, eco-friendliness, cost-effectiveness and widespread availability. The study focuses on analysing the 

effects of some scrutinised testing parameters of jute, coir and jute-coir blended non-woven fabric samples on 

noise reduction coefficient through observing sound absorption coefficient. The sound absorption coefficient was 

measured using the impedance tube method as per the ASTM E-1050 standard. The mean value of the sound 

absorption coefficient observed at frequencies 250 Hz, 500 Hz, 1000 Hz, and 2500 Hz was used to calculate the 

noise reduction coefficient. A three-factor & three-level Box–Behnken experimental design was used for designing 

research and non-woven jute, coir and jute coir blended fabric sample planning. The experimental work showed 

that with an increase in non-woven jute fabric sample thickness from 15 mm to 45 mm, blending jute 50 % with 

coir 50% and non-woven fabric samples tested by creating air gaps (15 mm to 30 mm) resulted in higher sound 

absorption coefficient and improved noise reduction coefficient. The experimental findings and statistical analysis 

revealed that blending jute with coir and increasing the thickness of non-woven fabric led to a significant 

improvement in the acoustic performance of the tested samples. However, increasing the air gap resulted in only 

a marginal improvement in acoustic performance. 

 
KEYWORDS 

acoustic, jute, non-woven, noise reduction, sound absorption 

INTRODUCTION 

Noise has a significant impact on human well-being, as it can affect both productivity and overall health 

[1]. Noise pollution refers to high levels of sound that can significantly disrupt human activities, 

affecting both physical and psychological well-being [2]. The World Health Organization states that 

excess noise from various sources can have negative effects on humans, such as reducing activity 

levels, increasing stress, reducing work efficiency, causing hearing damage, and leading to sleep 

disorders and insomnia [3]. Numerous research studies have demonstrated that noises produced by 
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machines, vehicles, and construction activities can have adverse effects on human health. However, 

using a textile-based acoustic absorber that is suitable for the purpose can help reduce the noise. 

The use of jute and coir-based acoustic materials in architectural applications has gained attention in 

recent years due to their eco-friendliness, availability, and excellent acoustic properties. These 

materials may be used for acoustical applications and absorption in walls, ceilings, and floors of 

buildings to reduce noise pollution and improve indoor acoustic quality. Jute and coir-based acoustic 

panels and tiles have been developed successfully to evaluate their acoustic performance. The use of 

these materials not only contributes to sustainable building practices but also adds an aesthetically 

pleasing natural look to the interior design of buildings. The use of natural fibre-based textiles has 

gained popularity due to their highly porous nature, which allows for the dissipation of sound energy, 

as well as their low cost and minimal environmental impact. These materials have a bulky volume, soft 

texture, and high porosity, which make them ideal for various acoustic applications [4]. Jute and jute 

blends are increasingly used for acoustic insulation in interior and architectural applications due to 

their sound absorption properties, eco-friendliness, thermal insulation capabilities, breathability, 

versatility, and aesthetic appeal. Jute is a renewable and biodegradable material that traps sound 

waves, reduces heat transfer, promotes air circulation, and adds a natural and organic touch to 

designs. Blending jute with other fibres enhances its performance and customization options. 

Architects and engineers prefer using textile materials for acoustic applications over conventional 

materials due to their environmentally-friendly and porous nature, low cost, flexibility, durability, and 

widespread availability. Additionally, these materials have a low areal density, which further adds to 

their appeal [5]. Numerous studies were conducted to establish a connection between the acoustic 

performance of non-woven fabrics and non-woven fabric thickness, areal density, porosity, air gap 

while testing and the effect of blending [6-9]. 

Fatima and Mohanty were the first to investigate the possibilities of jute materials in acoustical 

applications. Jute, which is widely available and inexpensive in India, is a biodegradable material that 

can be used effectively as a noise control material [10]. The researchers revealed that when sample 

thickness increases, and air gap decreased, the non-woven samples' sound absorption and noise 

reduction coefficients increased. The researchers also noticed that the jute and coir non-woven fabric 

samples had noise reduction coefficients that were greater at low and mid frequencies than a 

commercially available fibreglass panel [11]. Various natural fibres such as flax fibre, hemp fibre, kenaf 

fibre, jute fibre, agave fibre, bamboo fibre, coir fibre, and wool are also employed in acoustic 

applications [12-13]. Research indicates that both the density of fibres/ fabrics as well as the porous 

nature of the textiles can have a notable impact on the sound absorption coefficient. Porous textiles 

can convert sound energy into heat energy through viscous friction as well as heat exchange, resulting 

in sound absorption [14-16]. Jute is a viable, economical, and biodegradable alternative to traditional 
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sound-absorbing materials for various acoustic applications. Studies have demonstrated that jute, coir, 

and blended natural fibres have the potential for acoustic applications, including domestic uses such 

as vacuum cleaning and refrigeration, as well as architectural applications as a sound-absorbing 

medium [17]. It was observed that as compared to the treated jute absorbents, untreated jute fibre 

displays superior sound absorption properties [18]. Earlier research has shown that jute fibres possess 

outstanding sound absorption characteristics, making them suitable for use as noise control materials 

that have minimal impact on the environment. Additionally, jute fibre fabrics can be utilized in noise 

reduction applications in the fields of architectural acoustics, interior, and automotive industry [19-

21]. The studies suggested increasing the use of jute and jute blended fabrics in acoustic applications 

in various other fields due to easy availability, cost effeteness, environmental friendliness and sound 

absorbing characteristics [22-25].  

Although there has been considerable research on the factors affecting the acoustic performance of 

porous textiles used in acoustic materials, there has been limited research conducted on non-woven 

fabrics blended with jute and coir. Therefore, there exists a need of studying non-woven fabric 

structural variables for acoustic performance of non-woven jute, coir and jute-coir blended fabric. 

Hence, a study was conducted using non-woven jute 100%, coir 100% and jute-coir (50:50 blend ratio) 

blended non-woven fabrics of 15 mm, 30 mm and 45 mm thickness which were tested without creating 

any air gap inside the impedance tube as well as by creating 15 mm and 30 mm air gap on acoustic 

performance.  

EXPERIMENTAL 

Materials 

Non-woven fabric samples made up of 100% jute, 100% coir and 50% jute-50% coir blend ratio were 

prepared using locally available qualities of felts of areal density (grams per square metre) 380 g/m2. 

Non-woven fabric samples of 100 mm diameter and 29 mm diameter of three different types (100% 

jute, 100% coir and 50% jute-50% coir blend) were cut in circular shapes of thickness 15 mm, 30 mm 

and 45 mm as per the research design. Jute fibre of density 1.45 g/cc, diameter ranging from 16 to 20 

micrometre, 2.7 tex mean fibre fineness and 5 cm mean fibre length was used for study whereas coir 

fibre density was 1.21 g/cc, diameter 20 to 30 micrometres and 5 cm mean fibre length was used for 

sample preparation. 

Methodology 

A three-factor & three-level Box-Behnken design of the experiment was used for designing research 

and preparing the samples as per the standard runs. Three levels of non-woven fabric sample 
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thickness, blend ratio and air gap (air cavity distance from rigid backing of the impedance tube wall 

and non-woven fabric sample) were considered for observing responses of acoustic performance 

including sound absorption coefficient as well as noise reduction coefficient. The non-woven fabric 

samples of jute 100%, coir 100% and 50% jute- 50% coir blend were cut to form loosely stitched multi-

layered circular samples of thickness 15 mm, 30 mm and 45 mm and each sample is tested at 29 mm 

as well as 100 mm impedance tube diameter as per ASTM standards E-1050. The samples were tested 

by creating an air gap inside the impedance tube by creating an air cavity at 15 mm and 30 mm from 

the rigid backing of the tube as well tested without keeping any air gap by placing samples without 

allowing any air gap from the rigid backing of the impedance tube. 

 

Table 1. Independent variables and corresponding levels for sample preparation and testing 

Variables Levels Parameter type 

-1 0 +1 

Sample thickness (mm) 15 30 45 Quantitative  

Blend ratio (%) Coir (100) Jute-Coir 

(50:50) 

Jute (100) Qualitative 

Air gap (mm) 0 15 30 Quantitative 

 

The sound-absorbing capacity of textile materials was assessed in terms of sound absorption 

coefficient can be represented by α, which ranges from 0 to 1 and indicates the material's effectiveness 

in absorbing acoustic energy. A value of 1 indicates complete absorption and 0 indicates no sound 

absorption. The normal incident absorption coefficient was obtained using the impedance tube 

method, which employs a two-microphone acoustic impedance tube and was employed as the 

standard test method for measuring sound absorption coefficient at a wider frequency gamut ranging 

from low frequencies at 250 Hz up to 6000 Hz.  

In this study, the effect of non-woven fabric (jute, coir and jute-coir blended) sample thickness their 

blend ratio and air gap from rigid backing on sound absorption coefficient as well as on noise reduction 

coefficient was observed. 

The non-woven fabric samples were tested using the impedance tube method as per the standards 

ASTM E-1050. The combined type impedance tube as shown in Figure 1 has an inner diameter of 100 

mm for samples tested at low frequencies 100 Hz to 500 Hz and a 29 mm inner diameter is provided 

for acoustic testing at 500 Hz to 6400 Hz. The sample size was kept similar to the inner diameter of the 

impedance tube while testing nonwoven fabric samples at different frequencies. The average value of 

the sound absorption coefficient at 6000 Hz was considered for comparison among differently 

prepared fabric samples. This is because the sound absorption coefficient value at different 

https://doi.org/10.31881/TLR.2023.060
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frequencies is variable. A multi-layered sample of non-woven fabric of mean fabric thicknesses 15 mm, 

30 mm and 45 mm was investigated using the impedance tube method to judge the acoustic 

performance of the prepared samples. 

The sound absorption coefficient was measured using Equation 1 and Equation 2. 

 

α= Ii/Ir= (P2
i-P2

r)/ P2
i = 1- (n-1/n+1)2 = 4n/(1+n)2       (1) 

 

n= Pmax/Pmin           (2) 

 

Where:  

α is the sound absorption coefficient. 

Ii and Ir are the intensities of the incident and reflected waves respectively. 

Pi and Pr denote the pressure of incident and reflected waves respectively. 

n is the standing wave ratio, which is the ratio of the maximum to the minimum pressure of the sound 

wave. 

Pmax and Pmin are the maximum and minimum values of sound wave pressure respectively. 

 

The noise reduction coefficient is one of the simplest indicators which provide the information on 

percentage which is being absorbed by the material surface. The noise reduction coefficient can be 

described as the percentage of sound which strike the surface of non-woven fabric samples but is not 

reflected. Then, the mean value of the sound absorption coefficient was calculated by observing & 

considering responses at frequencies 250 Hz, 500 Hz, 1000 Hz and 2500 Hz for calculating the noise 

reduction coefficient as per equation (3). The noise reduction coefficient is a measure of how 

effectively a fabric can absorbs sound in the frequency range of 250 Hz to 2500 Hz. The noise reduction 

coefficient was measured using Equation 3. 

 

Noise reduction coefficient= (α 250 Hz + α 500 Hz +α 1000 Hz+ α 2000 Hz)/4     (3) 

 

 

 

Figure 1. Impedance tube method used for measuring normal incident sound absorption coefficient [21] 
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The fabric samples were kept under standard atmospheric conditions, specifically in a tropical 

environment with a temperature of 27 °C ± 2 °C and a relative humidity of 65 ± 2%. The number of 

readings taken was determined based on the variability of each fabric sample, ensuring a 95% 

confidence interval. The number of non-woven fabric samples tested was determined based on the 

coefficient of variation in each case, as per the experimental design. 

RESULTS AND DISCUSSION 

The independent variables (shortlisted factors) having coded values along with corresponding 

observed responses of sound absorption coefficient and noise reduction coefficient are given as per 

Table 2. 

 

Table 2. Independent variables and their corresponding responses 

 Variables Acoustic responses of nonwoven fabric  

Runs Sample thickness 

(mm) 

Blend ratio  

(%) 

Air gap 

(mm)  

Sound absorption 

coefficient 

(at 6000Hz) 

Noise reduction 

coefficient 

1 -1 -1 0 0.32 0.27 

2 1 -1 0 0.36 0.31 

3 -1 1 0 0.42 0.37 

4 1 1 0 0.75 0.68 

5 -1 0 -1 0.33 0.28 

6 1 0 -1 0.47 0.41 

7 -1 0 1 0.34 0.29 

8 1 0 1 0.68 0.59 

9 0 -1 -1 0.38 0.32 

10 0 1 -1 0.62 0.56 

11 0 -1 1 0.35 0.30 

12 0 1 1 0.78 0.71 

13 0 0 0 0.61 0.55 

14 0 0 0 0.55 0.50 

15 0 0 0 0.58 0.53 

 

Effect of Variables on the sound absorption coefficient 

It has been observed that with the increase in non-woven fabric thickness from 15 mm to 30 mm sound 

absorption coefficient increases but with the further increment in fabric thickness from 30 mm to 45 

mm, there is no significant improvement in the mean value of sound absorption coefficient. Increasing 

the non-woven fabric thickness typically has a positive impact on its sound absorption coefficient. This 
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is because thicker non-woven fabrics have more surface area and therefore more opportunities for 

sound waves to be absorbed. Non-woven fabrics are porous materials that can absorb sound energy 

through a combination of mechanisms, including frictional losses, viscous losses, and thermal losses. 

Thicker non-woven fabrics can increase the total surface area of the material and provide more 

opportunities for sound waves to interact with the fibres, leading to greater absorption of sound. 

However, it's worth noting that there may be limits to the effectiveness of increasing thickness. At a 

certain point, the material may become saturated and further increases in thickness may not result in 

a significant increase in the sound absorption coefficient.  

The experimental results reveal that compared to 100% coir fabric samples, the sound absorption 

coefficient improved upon blending with jute and the acoustic performance of 100% jute samples was 

found better compared to jute coir blended fabric and 100% coir fabric samples. The combined effect 

of higher fabric thickness and 100% jute fabric results in the highest reported value of sound absorption 

coefficient as shown in Figure 2. 
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Figure 2. Effect of variables on the sound absorption coefficient 

 

It was found that with an increase in air gap from 15 mm to 30 mm there is only marginal improvement 

in sound absorption coefficient of non-woven fabric samples. The experimental results showed that 

samples produced with 100% jute and tested at a 30 mm air gap reported improved sound absorption 

coefficient compared to the rest of the samples produced using a jute-coir blend and 100% coir. 

Moreover, the combined effect of increased fabric thickness and air gap in the impedance tube 

resulted in better acoustic performance compared to the samples tested at rigid backing inside the 

tube without any air cavity. The air gap can allow for the development of a resonant cavity between 

the termination plate and the non-woven fabric sample. This can cause an increase in absorption 

coefficient at certain frequencies due to the resonance effect. However, the magnitude of this effect 

will depend on the thickness and properties of the non-woven fabric, the size of the air gap, and the 

frequency range of interest.  

Hence, it was found that the effect of non-woven fabric thickness and blend ratio (adding jute to coir) 

has a significant impact on sound absorption coefficient as shown in Figure 2 whereas the effect of air 

gap was found minimal. The statistical analysis validates the findings based on the p-value analysis of 

variance (ANOVA) by adopting linear and quadratic models as indicated in Table 3 and Table 4. 

Effect of Variables on noise reduction coefficient 

To calculate the noise reduction coefficient of a material, the average sound absorption coefficients at 

specific frequencies of 250 Hz, 500 Hz, 1000 Hz, and 2500 Hz are typically used. According to the study, 

the impact of the control variables on the sound absorption coefficient exhibited similar trends to their 

impact on the noise reduction coefficient. The experimental results reveal that non-woven fabric 

samples made up of 100% jute of thickness 45 mm tested by creating an air gap or air cavity of 30 mm 

inside the impedance tube showed the highest value of noise reduction coefficient compared to the 
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rest of the fabric samples. The 50% Jute-50% coir blended fabric samples witnessed better sound 

absorption compared to 100% coir samples. The combined effect of an increase in the air gap and 

fabric thickness and air gap result in an increase in noise reduction coefficient and improved acoustic 

performance compared to fabric samples with low thickness and tested either at a 15 mm air gap or 

tested without creating any air cavity by keeping rigid backing inside the impedance tube as shown in 

Figure 3.  

Hence, the effect of non-woven fabric sample thickness followed by blend ratio (in the case of 100% 

jute and blending jute with coir) was found significant on noise reduction coefficient whereas the effect 

of air gap was found marginal. The experimental results were also validated through the analysis of 

variance (ANOVA) by studying linear as well as quadratic and comparing p-values as shown in Table 3 

and Table 4. 
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Figure 3. Effect of variables on noise reduction coefficient 

 

Statistical analysis of variance 

The study employed ANOVA at a 95% confidence level to statistically analyse the impact of the 

independent control variables, using statistical software.  

 

Table 3. ANOVA general linear model for sound absorption coefficient 

Source Sum of Squares df Mean Square F-value p-value  

Model 0.2738 3 0.0913 11.75 0.0009 significant 

A-Sample thickness 0.0903 1 0.0903 11.62 0.0058  

B-Blend ratio 0.1682 1 0.1682 21.65 0.0007  

C-Air gap 0.0153 1 0.0153 1.97 0.1880  

Residual 0.0855 11 0.0078    

Lack of Fit 0.0837 9 0.0093 10.33 0.0913 not significant 

Pure Error 0.0018 2 0.0009    

Cor Total 0.3593 14     

 

The p-value was used to determine the significance of the results, where a p-value of ≤ 0.05 indicated 

a strong effect of the control factor on the response, while a p-value of > 0.05 indicated a weak effect. 
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Table 4. ANOVA general linear model for a noise reduction coefficient 

Source Sum of Squares df Mean Square F-value p-value  

Model 0.2456 3 0.0819 11.41 0.0011 significant 

A-Sample thickness 0.0760 1 0.0760 10.60 0.0077  

B-Blend ratio 0.1568 1 0.1568 21.85 0.0007  

C-Air gap 0.0128 1 0.0128 1.78 0.2086  

Residual 0.0789 11 0.0072    

Lack of Fit 0.0777 9 0.0086 13.62 0.0702 not significant 

Pure Error 0.0013 2 0.0006    

Cor Total 0.3246 14     

 

Table 3 and Table 4 showed that the non-woven fabric thickness and blend ratio had a low p-value (≤ 

0.05), indicating that they strongly influenced both the sound absorption coefficient and noise 

reduction coefficient, whereas the air gap had a high p-value (> 0.05), suggesting a weak relationship 

with the observed responses in the linear ANOVA model. 

CONCLUSION 

The present study was focused on investigating the effect of non-woven fabric thickness, material type 

(jute, coir and jute-coir blended fabric) and testing air gap inside impedance tube acoustic performance 

of uniquely prepared fabric samples. The sound absorption coefficient (at 6000 Hz) was considered to 

observe the effects of the aforementioned factors on acoustic characteristic responses. The following 

are the major findings of this study: 

 It was observed that the thicker non-woven fabric samples produced using 100% jute showed 

relatively improved mean values of sound absorption coefficient and increased noise reduction 

coefficient compared to 50% jute-50% coir and 100% coir samples. The value of the sound 

absorption coefficient and noise reduction coefficient increases significantly when sample 

thickness increases from 15 mm to 30 mm but upon increasing sample thickness further from 30 

mm to 45 mm only a marginal increment was observed.   

 The combined effect of higher fabric thickness (45 mm) for samples produced using 100% jute and 

tested by creating a 30 mm air gap inside the impedance tube reported the best acoustic 

performance.  

 The effect of air gap on the acoustic performance of non-woven fabric was found marginal. 

Moreover, the fabric samples tested by creating a higher air gap (30 mm) inside the impedance 

tube showed slightly better acoustic performance compared to the samples tested at a 15 mm air 

gap and by keeping rigid backing. 
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100% jute & 50% jute-50% coir showed satisfactory acoustic performance. Hence, Jute non-woven 

fabrics can be used as wall and ceiling panels, flooring, and furniture upholstery to improve acoustic 

performance and create a more comfortable environment. However, the effect of the jute & coir fibre 

fineness, shape & size of the pores and pore size distribution may also influence sound-absorbing 

properties of non-woven fabric through changing fabric porosity. Due to research design limitations, 

these aforementioned factors were not studied. 
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