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Frequency Dependent Sound Insulation 
Constructing Low-Cost Acoustic Panels 
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Abstract:- Sound insulation means absorption of sound in a controlled way to maintain echo free environment inside any room and prohibit ing 
transmission of unwanted high volume sound/noise from inside or outside the room. Commercial acoustic materials used, found to be very expensive. 
This experiment aims to use sustainable and abandoned source of natural materials as well as waste materials; and combination of those, to obtain an 
easy solution to come out reducing the cost of sound insulation.  Eco-friendly, recyclable and most importantly inexpensive materials such as coconut 
fiber and sacs made of jute fiber was considered to conduct tests. For the sake of comparison, acoustic foam and garment fabric i.e.; terry cloth (textile 
waste/old towel) was also used. Test showed interesting findings on the use of natural replacements over commercial materials. Single/combined layers 
of selected elements found to absorb sound better and perform steadily over the entire experimental range of frequencies (125 Hz to 4000Hz). 
 
Index Terms:- Acoustics, Echo free room, Eco friendly acoustic system, Sound proofing, sustainable sound proofing, sustainable acoustic panel, Sound 
insulation.  

———————————————————— 

 

1 INTRODUCTION 

Sometimes we need to insulate sound or to build a sound proof 
studio or auditorium such that the internal high volume sound 
may not come out and create disturbance to others outside the 
room. High volume or excessive sound may harm the activity 
and balance of human or animal life. Vibration of object causes 
sound which is travelled through air by pushing and pulling the 
air molecules. This pushing and pulling of the air molecules 
makes sinusoidal changes i.e. increase (by compression of air) 
and decrease (by rarefaction of air) in air pressure. Since the air 
molecules are also dynamic in motion, so the sound wave 
transmits through the air as expanding wave. When this wave 
hits the wall or any obstacle, it causes the particles of the 
obstacle to vibrate. Thus some energy of the sound wave is 
absorbed by producing heat due to collision of the molecules 
and rest of the energy gets either reflected or transmitted 
depending on the type of the barrier and the wavelength of the 
sound. The technique of sound insulation or noise reduction 
lays here. More the layers of wall or barrier, more loss of energy 
as energy is lost at each step of transmission. Again energy of 
sound waves also depend on the frequency and amplitude. So 
the absorption of sound will vary depending on the frequency of 
source of sound. Thus this project idea stands for doing 
experiments on, the effect of sound blocking materials of 

different type and volume on a range of frequencies. On article 

review similar types of studies was found done earlier. In 1977 
F.H. Fisher and V.P. Simmons observed sound absorption in 
sea water as a function of frequency, temperature and pressure 
using absorption material such as boric acid, magnesium 
sulphate, water and found interesting results [1]. T.J. Lu, A. 
Hess and M. F. Ashby in 1999 [2] got sound absorbed in 
metallic foams using aluminium alloy. 
 
 
 
 
 
 
 
 
 
 

They made the foam more transparent to air motion by rolling or 
drilling and found improved absorption of sound. They also did 
the characteristic studies of the relative nature of foam density 
and panel thickness to sound absorption. Yunjie et al  in 2011[3] 
found that the sound absorption coefficient increases with an 
increase in the number of pore openings in the unit area or with 
a decrease of the diameter of the pore openings in the range of 
0.3 to 0.4 mm. Thus the constituents as well as the 
infrastructure of the material inside has always played an 
important role in case of absorption of sound. As metal foams 
have been used vastly in sound insulation it will be wise to get a 
proper guideline of working with metal foams from “Metal foams: 
A survey” by Michael F. Ashby & LU Tianjian [4]. From 1970 to 
till date sound absorbing materials have changed from asbestos 
based materials to new synthetic fibers and more recently global 
warming issues may cause natural fibers to take place of 
synthetic ones [5]. Thus it can be concluded as, previous works 
on sound absorption can guide us well enough to reach our 
goal. This study has been designed to meet the following 
objectives: 

1. To study which type and volume of sound blocking 
material suits best for blocking particular frequency of 
sound. 

2. To build a cost effective, natural and environment friendly 
sound insulation system in order to block 
eco/reverberation, inside room. 

 

2 MATERIALS AND METHODS 

Sound is a wave, a pattern of changing air pressure. Wherever 
this sound pressure originates, it is transmitted through the walls 
and windows. Transmission through barriers causes energy loss 
and hence weakens the intensity of sound. This loss in energy 
or absorption fluctuates according to the type of the barrier as 
well as the frequency of the original sound. To properly insulate 
a room from outside or inside or to build an eco-free auditorium, 
the first priority should be given to study about the nature of 
absorption of sound wave with a range of natural/ standard 
frequencies through various transmission medium or barrier. 
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2.1 Experimental Setup 
 

A. Preparation and Planning 
For our experiment the variables we have changed are the 
materials and their combination and the measured 
independent value is the volume at the microphone of the 
Sound level meter at dB (decibel).  

 
B. Equipment and setup: Sound source, enclosure and 

meter 
Firstly a wooden enclosure was taken with length, width and 
height specifications of 34.5, 22 and 20.5 cm respectively.  

 
Fig.1 Digital Sound level meter mounted with tripod over 

empty enclosure room without any acoustic 
 

Other major equipment was Smart Sensor Digital Sound Level 
Meter (Model No. AR 824) which was mounted over a tri pod 
to maintain a constant distance of around 42 cm between the 
microphone and the sound source, placed inside the 
enclosure. Digital tone generator app installed in smart phone 
was used as sound source. The core setup is shown in fig.1.  
 
C. Absorber materials used 
                      

 
Fig.2 (a) Acoustic foam (commercial), (b) terry cloth, (c) Jute 

sac, (d) coconut fibre and coconut fibre inside jute sac 
 

Four types of primary materials and their combinations were 
used. The materials are Acoustic foam, Terry cloth (Towel 
folded in 4 layer), Jute (4 layers of approx. width of 1cm), 
Coconut fiber inside single layer jute sac. Terrycloth, terry 
cotton, terry towel or simply towel is a fabric woven with many 
protruding loops of thread, which can absorb large amounts of 
water. It can be manufactured by weaving or knitting [6]. 
Absorption of sound depends on several factors like material 
type, volume of the board, thickness, no. of layers, 
combination of several materials etc. Terry cloths have shown 
high sound absorption coefficients for both high and low-
frequency sounds [7]. And also research for finding cheap 
natural material for using as replacements of commercial 
acoustic material is not a new thing. Enhanced egg cartons 
with textile waste and shredded rice straw papers have been 
used before as test specimens in [8]. So this project was 
inspired by those previous experiments and thus layers of 
single or combination materials have been experimented here 
for finding cheap, recyclable, better sound absorbing solution. 

 
D. Selected frequency range 
To generate sound an SPL Sound meter Application was used 
which was run at 6 different frequency levels; from minimum to 
maximum 125, 250, 500, 1000, 2000, and 4000 hertz among 
which 250, 500, 1000 and 2000 hertz frequencies are four 1/3 
octave frequencies generally used for standard experimental 
applications. 
 
2.2 Procedure 
Smart phone was placed inside the enclosure keeping one of 
the enclosure door (upper portion/roof) open. At the beginning, 
sound level was measured without providing any acoustic 
material for each of the 6 experimental frequencies (setup 
shown in fig. 1). After that, layers of acoustic materials and 
combination of those layers were placed one by one (fig.3) 
and sound level was measured. 

 

 
Fig.3 Experimental setup applying different acoustic materials 

 
The whole method has been stated step by step below: 

1. Smart phone was placed inside the experimental 
enclosure room without providing any acoustics and 
125 Hz frequency was generated by Sound generator 
app. Instead of using any external amplifier, only 
smart phone speaker was used here. 

2. SPL sensitivity by Condenser Microphone attached 
with Smart Sensor Digital Sound Level Meter was 
measured here at frequency of 125 Hz. 

3. Readings were taken of the measured sound level. 
4. The average sound level was calculated. 
5. The constant (C) of sound reduction, was calculated 
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using the subsequent formula given in Decibel Drop 
and Noise Reduction Coefficients for Material 
Combinations [9] : 

 

𝐶 = 1 − 10 (   ⁄ )                                                          (1) 
 
Where, d = the decibel drop reading obtained by calculating 
the average of measured sound level. 

6. Steps 1 to 5 were repeated for each of the 6 
experimental frequencies and constant of sound 
reduction for empty enclosure/room was determined. 

7. At this point, the layers mentioned below of primary 
absorber and combination of multiple absorber layers 
were placed one by one on the opened portion or roof 
of the enclosure and  
steps 1 to 6 were repeated for each of the following 
acoustic layers: 

 
I. Acoustic Foam: Foam specially designed with crest 

and trough for performing better acoustic absorption 
has been used in this experiment. Acoustic foam is an 
ordinary found expensive sound proofing material 
which is used here for making comparison of its 
performance with cheap household material.  

II. Terry cloth/Towel (4 layers): Among a lot of variety of 
garment products terry cloths or towels have been 
found absorbing sound better [7]. It is a very common 
household product affordable and available in almost 
every house. Old towels can be reused in this way as 
sound absorber saving unnecessary wastage of 
money buying sound proofing materials. 

III. Jute layer/Jute Sac (4 layers of approx. 1cm): Jute 
fiber is called golden fiber of Bangladesh. Once upon 
a time our country was famous for production of jute 
.We are using jute in various ways in clothing, home 
decor, making bags, sacs, fashionable hand bags etc. 
And now if jute can be found to absorb sound well 
than this experiment can open a new door to jute fiber 
usage. Here 4 layers of readily available jute sac, 
forming width approximately of 1cm; has been used to 
represent jute layer absorber. 

IV. Coconut fiber covered with single layer of jute sac: 
Another easily available material is coconut fiber. The 
rural area and even the city areas of our country the 
most commonly found fruit tree would be coconut 
tree. People likes both green coconut and hard ones 
and use each and every part of coconut. Matured 
coconut‟s fiber is normally used as fuel material. But 
here we are trying to use this fiber to absorb sound. 
The fiber was separated, dried and then crushed to 
make it usable like a cushion (crushed coconut fiber 
wrapped inside jute sac) over experiment room.   

V. Jute fiber layer +coconut fiber covered with single 
layer jute sac: An experimental absorber layer of 
mixed material or combination of jute sac layer and 
coconut fiber layer.  

VI. Terry cloth/Towel + Acoustic foam: Combination of 
expensive acoustic foam and affordable variety of 
terry cloth that is towel was prepared as an 
experimental material to make comparison with other 
combinations. 

VII. Terry cloth/Towel + Coconut fiber covered with single 
layer jute sac: This layer is a combination of 

household materials easily found in every home, like 
old towel as a source of terry cloth and coconut 
residue that is dried coconut fiber. 

VIII. Terry cloth/Towel + Coconut fiber covered with single 
layer jute sac+ Jute fiber layer: A combination of three 
layers, all of which has been chosen on the basis of 
their lower price range, affordability and easy 
availability. 
 

3 RESULT 

The total experiment was done in two steps. At first, single 
material layer of absorbers were applied then the material 
layers were combined with each other. The room statistics 
says the enclosure has inner volume of around 14.62×10

-3 
m

3
. 

Area on which acoustics applied is of around 6.6×10
-4
 

m
3
(considering average width of applied acoustic layer is of 

0.9 cm). According to the ratio, 4.5 % of total volume was 
covered by sound absorber material. Keeping in mind the 
width of the acoustic layers, this volume ratio can further be 
used to design bigger room or auditoriums to maintain proper 
acoustics. First row of Table.1, shows the sound level in dB 
when no acoustic material was applied and the sound level 
meter measured sound at the receiver level freely. The column 
to the right of measured sound level, presenting constant of 
sound reduction i.e.; C is actually calculated by using equation 
(1). The factor “d” (drop in decibel) was found by deducting the 
sound level measured without applying any acoustic material 
from the sound level measured with the application of each of 
the acoustic material mentioned on the leftmost column. And 
this was done for each of experimental frequencies. Thus for 
each pair of frequency and acoustic material used, a specific 
decibel drop, factor “d” was calculated and using that a 
characteristic constant of sound reduction, “C” was found 
which has been shown in table. 1, on its 6 rightmost columns. 
According to the calculation, decrease in dB level corresponds 
to increase in value of C. Thus increment in C is an indicator of 
better sound absorber material. Primarily the experiment was 
done by applying single layers of acoustic materials and the 
results of measured sound level as well as constant of sound 
reduction C, is given in table.1.  
 

TABLE 1 
VARIATION OF SOUND LEVEL AND C WITH FREQUENCY 

FOR SINGLE LAYER ABSORBER 

Single  
layer 
absorber 
material 
 

Measured sound level, dB Constant of sound reduction, C 

Frequency, Hz Frequency, Hz 

125 250 500 1000 2000 4000 125 250 500 1000 2000 4000 

Without 
acoustics 

36.5 42.3 56.2 77.4 70.3 75 - - - - - - 

Foam 35.7 40.7 53.9 76.5 69 71 0.09 0.17 0.23 0.10 0.14 0.37 

Terry 
cloth  

36 40 51.6 75.7 64 73.5 0.06 0.23 0.41 0.18 0.52 0.16 

Jute  36.3 39.2 51.2 76.2 66.3 73.8 0.02 0.30 0.44 0.13 0.37 0.13 

Coconut 
fiber  

36.1 39.4 53.6 77.0 69.1 72.5 0.05 0.28 0.26 0.05 0.13 0.25 
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Fig.4 Variation in C with frequency for single layers of 

acoustics 
 

Analysis of fig.4 reveals that representative of garment product 
that is terry cloth/towel and natural fiber jute show better 
results in sound reduction than foam or coconut fiber. Between 
towel and jute, towel absorbs sound better than jute layer in 
case of specific frequency that ranges above 1000 Hz but jute 
shows consistent behavior for the entire range of experimental 
frequencies which is very important and anticipated criteria for 
general field level applications. Again in comparison with 
acoustic foam, coconut fiber shows much better performance 
for all the selected frequencies and surely can be used as a 
replacement of expensive acoustic foam. Thus from primary 
analysis, in case of single layer of acoustic material 
application, jute and coconut fiber seem to perform better in 
sound absorption fulfilling our demandable criterions.  
But as the motive of this study is to find and use combination 
of natural, eco-friendly and cost effective materials for 
betterment of sound absorption process, next experiments 
were focused on the outcomes of  applying combination of  
double or triple layers of natural sound absorbing elements 
along with other materials. Since coconut fiber and jute 
showed better results than acoustic foam at basic 1/3 octave 
frequencies, further experiments were done by applying 
combined layers of acoustic materials including jute and 
coconut fiber mainly. The detail of the experiment and 
obtained results have been presented in table 2. 

 
TABLE 2 

VARIATION OF SOUND LEVEL AND C WITH FREQUENCY 
FOR MULTIPLE ACOUSTIC LAYERS 

Combined 
absorber 
material 

Measured sound level, dB Constant of sound reduction, C 

Frequency, Hz Frequency, Hz 

125 250 500 1000 2000 4000 125 250 500 1000 2000 4000 

Without 
acoustics 

36.5 42.3 56.2 77.4 70.3 75 - - - - - - 

Jute + 
coconut 
fiber  

35.9 38.2 53.1 74 58.4 65.8 0.07 0.38 0.30 0.32 0.75 0.65 

Terry 
cloth+ 
foam 

35.4 39.7 48.3 74.0 62.6 70.7 0.12 0.26 0.60 0.32 0.59 0.39 

Terry 
cloth + 
coconut 
fiber  

35.1 39.8 49.6 73.4 60.3 67.3 0.15 0.25 0.53 0.37 0.68 0.59 

Terry 
cloth + 
coconut + 
Jute 

35.7 37.7 50 70.7 53 63.7 0.09 0.41 0.51 0.54 0.86 0.73 

Fig. 5, graphically explains the effect of applying 
multiple/combined layers of acoustic materials. Combination of 
jute layer and coconut fiber layer show poor performance in 
the mid frequency range (500-2000Hz) whereas the same 
coconut layer shows gradually uprising curve which means 
increase in sound absorption with increasing frequency for the 
entire experimental frequency range. Again, from the graph, 
combination of towel and acoustic foam shows a peak in 
sound absorption only at specific frequency of 500 Hz and for 
other frequencies the performance gets suppressed under the 
performances of other material combinations. So, this finding 
is quite insignificant for wide level of application. From the 
analysis it can be seen that among double layer applications, 
addition of acoustic foam shows no remarkable performance 
in comparison with other household natural materials. This is 
obviously a very important finding for our purpose to be 
fulfilled. 

 

 
Fig.5 Variation in C with frequency for multiple layers of 

acoustics 
 

On the other hand, the curve shows better and consistent 
behavior each time, when the combination includes garment 
fabric/ terry cloth/ towel with jute or coconut fiber. Combination 
of Jute and coconut fiber performs well but when garment 
material is added to them, the graph shows far better result in 
sound absorption which continues steadily throughout the 
entire range of operating frequency. A particular form of 
garment fabric such as terry cloth or towel would not be so 
expensive like other acoustic materials (foam, wood, card 
board, metals etc.) and thus the cost of including garment 
product along with other natural fibers, can be compromised 
for the betterment of sound insulation. All the curves of 
constant of sound absorption, C shows a peculiar drop at 
frequency of 1000 Hz which was caused due to a built in 
feature of the sound level meter used in this experiment. The 
fact and the feature has been explained in detail later; at the 
discussion part. Finally, it is clear that the curve for combined 
triple layer of terry cloth, coconut fiber and jute shows most 
effective and steady behavior in sound absorption and seems 
to come out as the best solution to reduce echo inside room.  
 

4 DISCUSSION 

No sound amplifier was used during experiment. Only the 
smart phone speaker acted as the sound source. To keep 
experimental data consistent, the volume of the app and 
mobile speaker was kept constant throughout the whole 
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experiment. As the level of sound measured for each of the 6 
selected frequencies with each particular single or multiple 
layer of sound absorber has been compared to each other, so 
the distance from source to sound level meter and from source 
to absorber/ acoustic material was kept constant during the 
experiment. From table 1 it can be seen that, at 1000 Hz the 
Sound Pressure Level showed a shift in values compared to 
other frequencies for each of the experimental cases. This is 
because of the fact hat, the meter readings were taken using 
“A weighting” where the sound level meter doesn‟t apply any 
gain /attenuation to the microphone measurement when the 
source frequency is 1000 Hz. So at 1000 Hz, recorded sound 
level jumps to larger value. But that fact did not effected the 
analysis because calculation of C for any characteristic 
frequency, is based on the factor„d‟ or drop in decibel level, 
obtained by deducing; measured sound levels with applied 
acoustic layers from the sound level without any acoustics. 
And all the sound levels that took part in deduction were 
recorded on different characteristic but the frequency was 
same. Thus absence of attenuation didn‟t matter. Micro fiber 
fabrics and natural cheap materials have been used as test 
specimens for a long time. Avinash Kumar Ghilahare and 
Mukesh Pandey introduced enhanced egg cartons made by 
filling the carton cavities through small net bags containing 
textile waste and shredded rice straw papers [8]. Textile fabrics  
specially micro fiber fabrics showed  better performance in 
experiments done by Louise Wintzell in his thesis paper titled 
as “Acoustic Textiles - The case of wall panels for home 
environment”[10] and by YoungJoo Na, Jeff Lancaster, John 
Casali and Gilsoo Cho in their research publication named 
Sound Absorption Coefficients of Micro-fiber Fabrics by 
Reverberation Room Method [7]. Our experimental results 
showed expected similarities with those above mentioned 
experimental findings by establishing combination of jute, 
coconut fiber and micro fiber or terry cloth as the best 
composite layer absorbing sound of both low and high 
frequency consistently than other single or multiple layer of 
commercial acoustic materials. 
 

5 CONCLUSION 

Relative analysis of applying several single layer absorber 
material including commercial as well as cheap, eco-friendly 
material, overall satisfactory result was found to be obtained 
by applying jute fiber first and then coconut fiber next, over 
commercially found expensive acoustic foams. Application of 
single layer absorbent founded the base of the experiment 
while it also led us the way to choose naturally found best 
sound absorbing materials to be applied as combined double 
or triple layers of each other.  From primary experimental 
results, three pairs of material layers were formed; Jute and 
coconut fiber, terry cloth and coconut fiber (fiber inside jute 
sac), and terry cloth together with acoustic foam. Third one is 
just to fulfill the purpose of comparison. The first two 
combination showed steady and better results in comparison 
with the third. And based on this result triple layer of jute, 
coconut fiber and terry cloth was applied which showed 
expected best result among all. Based on the results 
presented in the previous chapter we may conclude that our 
natural fibers can play a vital role to reduce costing for 
producing soundproofing materials. Thus it can be well 
concluded that composite layer of jute, coconut fiber along 
with terry cloth showed very effective sound absorption and 
performed far better than other combinations that include 

commercial expensive acoustic materials. 
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