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ABSTRACT  

Noise reflectors, noise absorbers and noise barriers, are used for noise controlling 

purpose. This research conducted is to investigate local materials that may be used as 

sound reducing materials to offer solution to the existing environmental noise problem. 
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Samples were developed using sawdust, coconut fiber, expansive clay and dry plantain 

leaves applying silicon and starch as binding agents. Noise Reduction Coefficient 

(NRC), which is a ratio of the reduction levels of noise to the intensity of sound, was 

investigated by using an experimental setup including impedance tube, signal 

generator, sound level meter and a speaker. Experimental results indicated that, there 

is a better performance in the NRC of samples developed with particles less than 0.6 

millimeters. NRC values obtained for Sawdust mixed with Expansive Clay ranged from 

0.24 to 0.62 with the maximum value (0.62) occurring at 4.0 kHz frequency and that 

of Coconut Fiber mixed with Expansive Clay recorded NRC from 0.31 to 0.58 with the 

maximum value (0.58) occurring at 6.0 to 6.5 kHz frequency. It was found that, these 

materials have good acoustic properties and therefore can be used as an alternative to 

produce noise reduction materials. Utilization of these materials will also reduce 

environmental pollution and the effect of noise pollution on human health.  
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   CHAPTER ONE  

   INTRODUCTION  

1.1  Background    

In today’s modern industrial society, noise pollution has become a big problem. 

Workers are exposed to higher levels of noise above the approved level. Regardless of 

the nature of the work, everyone is affected. It has become a major source of health 

problem facing humanity and the environment (Gheorghe, 2013).   

  

At the current state of development in technology, noise tends to be an inevitable 

problem in the society. Noise being an occupational hazard, controlling it and reducing 

it to the barest or tolerable levels for human comfort is a worthwhile challenge to be 

addressed using available local materials to cut down cost of importation of equivalent 

materials. Achieving a manageable noise level would depend on the material used. 

Industries should be very concerned about the effects of noise and also about finding 

solutions to reduce it to an acceptable level from its source (Chathurangani et al., 2013). 

Eliminating noise completely, may not be possible since the environment could not be 

changed entirely. Continuous exposure may pose health risk far beyond hearing 

damage. It is therefore necessary that measures are put in place to reduce it to a 

manageable level.   

  

Some negative effects posed by noise pollution on human health includes the following: 

Hearing problems, Physical or mental losses, Annoyance, Tiredness among others  

(Murthy et al., 2007). It is therefore necessary to create public awareness and education 
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about the effects of sound pollution and how it may be reduced (Abdelfattah and Abd-

Elbasseer, 2011).    

Advanced techniques such as acoustical wall panel, barrier walls, soundproof curtains, 

duct silencers, and sound enclosures for industrial machinery are available in order to 

minimize the noise, but these techniques are expensive. In addition, most of these 

developed materials emit high CO2 emissions during their manufacturing process (e.g. 

Glass fibers) ( Dedigama and Shyaman,  2013).   

  

1.2  Problem statement  

Noise pollution causes lot of health problems. The health problems tend to reduce the man 

hours at work and raise health bills, which affect the economy.  

Presently, sound absorption materials available for acoustic treatment commercially 

consists of glass or mineral-fiber material. However, reviewing the issue of health and 

safety, these materials when exposed to human can interfere with human health. It is 

therefore necessary to explore an opportunity to look for alternative less expensive local 

materials to be used as noise reducing material. Local materials for sound reducers have 

several benefits. They are renewable, abundant, cheaper, pose less health risk and safety 

concern during handling and processing.     

  

1.3  Objective of study   

 The main objective of this project is to investigate the acoustic properties of some local 

materials such as sawdust and coconut fiber for noise reduction purposes.  

    

1.4  Specific Objectives    

The specific objectives of this project are    
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1. To Investigate the noise level within some specific frequency range using DT-8852 

Precision digital sound level meter  

2. To carry out experiments to determine the noise reduction levels at various frequency 

range.   

3. To determine the Noise Reduction Coefficient (NRC) and to analyse which type of 

materials samples reduced the sound to the barest minimum  

  

1.5  Justification of study  

In view of the problems stated, preventing, reducing and isolating noise are very important for 

human health and the economy.  

When this project is successfully completed and implemented, there are enormous 

benefits that would be achieved. The material developed in this study, may be used as 

an acoustical material for noise control. The availability of the sound reduction material 

developed would be at a lower cost compared to imported ones. It will help reduce 

environmental pollution. The availability of these local materials in large quantities 

results in their being burn or dumped into the environment. When these materials are 

collected and recycled the effect of noise pollution on human health and the burning of 

such materials, which causes environmental pollution, will be reduced.  It will also 

create job opportunities for many people. Unemployment problem in the country will 

also bereduced since people may be contracted to collect these agricultural waste for a 

fee, not counting the setting up of a factory to produce the composite material.   

  

   CHAPTER TWO  
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   LITERATURE REVIEW  

2.1  Introduction  

The purpose of this project is to investigate into local materials, which could be used to 

reduce sound or noise to the barest minimum. This chapter provides information about 

sound and noise, sources of noise, its effects and various acoustical materials available 

for the control of noise.  

  

2.2  Sound and noise  

Sound can be explained as a kind of vibration that propagates as mechanical wave of pressure 

and displacement through a medium. It is anything that we hear due to  

vibration of air.  

 Noise can be explained as unwanted sound measured in decibel (dB) using a 

logarithmic scale (Tsaloglidou et al., 2015). Noise, can also be explained as unwanted 

sound resulting from human activities, measured in decibel (dB) (Kim, 2015). Noise 

has become a serious environmental problem with the development in technology 

(Rozli et al., 2010). The difference between sound and noise actually depends on the 

listener and the circumstance at that particular moment. For example, someone whose 

favourite music is playing may listen and enjoy it, but the one who is not into such 

music may hear it and would become annoyed. (Hansen, 2001).  

  

2.3  Source of Noise  

Environmental noise has become an important everyday problem in modern living 

environments. Noise from factories, airports, and heavy traffic does not only bring 

about discomfort to people close to the source of the noise, but also cause disturbance 

and serious health related effects and diseases. The sources of noise that caused damage 

in the residential indoor environment can be grouped into noise generated internally 
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and noise generated externally. Noise transmitted by air between households, home 

appliances, etc. are examples of noise generated inside offices and apartments, while 

noise generated externally includes automobiles (on roads), railway noise and aircraft 

(Kim, 2015).  

  

2.4  Effects of Noise  

There are different effects of noise. Noise can disturb human activity by causing 

distraction or by physically interfering with it. It is only when the effects of a sound are 

undesirable that it may be termed as  noise (Kumar et al., 2004). Noise induced hearing 

loss (NIHL) is not a concern at the levels of noise experienced by neighbours of noise 

emitting facilities.  It is a potential hazard when people are exposed to noise levels 

above 80 dB(A) over very long periods of time. The potential risk to workers is dealt 

with by the Health and Safety Executives and in some cases by Local Authorities.  

The extent of damage will depend on the level, how loud it is and the frequency at 

which one is operating, since high frequency sound level may cause more hearing loss 

than low ones. The people involved are at a potential risk, which must be addressed  by 

the various Local Authorities, and Safety and Health executives (G B E A, 2001).  Noise 

effect of physiological other than hearing loss when individuals are exposed to noise 

level above 85 dB continuously has resulted in chronically high blood pressure. The 

strongest impact of noise effect on cardiovascular system was observed from the studies 

of blood pressure in occupational settings. Green et al, (1991), found that there is a 

slight increase in diastolic and systolic blood pressure in people between 25 and  

44 years of age due to exposure to noise level more than 85 dB. It was observed that there is a 

slight decrease in systolic blood pressure and no blood pressure effect on that of the diastolic (U-

Dominic et al., 2014).  
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In most cases, noise in general is mostly produced by human activities, machines and 

machine tools. The noise produced may vary, based on the medium through which the 

noise generated. Figure 2.1 shows the various sound levels produced by various 

machines used in performance of activities on daily basis and the variation of the sound 

pressure level (G B E A, 2001).   

  

 

Figure 2.1 Cause and Effect Relationships of Noise, (G B E A, 2001)  

(Mitchell, 2001) had made a clear distinction between disturbance and annoyance. In 

situation where one is prevented from carrying out ones daily activities such as learning 

(reading), sleeping, meditating, conversing (communication), listening to live programs 

on airwave, etc., the displeasure resulting from this noise level is annoyance. 

Annoyance is therefore the product of disturbance. Disturbances can be analyzed while 

annoyance is measured by conducting a survey. Other effect of sound radiated are 
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vibration of items such as things on shelves, windows, door post, things hanging on 

walls and this may increase to the level of annoyance (Mitchell and  

Environment Agency, 2001).  

  

The extent of hearing loss effect depend on how long, how loud and also how high the 

level of the frequency is, since high frequency of sound is more damaging compared to 

the low frequency level noise (S W A, 2011).  

Decibels (dB) scale is a logarithmic scale used to measure the level of sound, and is not 

the same as the normal numbers. Because of this it cannot be subtracted or added in the 

usual way. The representation of the scale is twice the energy of the sound in an increase 

of 3 dB. What it means is that, the number of hours of exposing a worker to the level 

of the noise is decreased by half for every increase in the level of noise by 3dB, if the 

same level of noise is to be expected (S W A, 2011).   

Table 2.1 shows the duration one without any hearing protector can be exposed before exceeding 

the standard.   

    

Table 2.1 Equivalent Noise Exposure  

                          Equivalent Noise Exposure  

                             LAeq-85h = 85 dB (A) Noise 

Level dB (A)  Exposure Time  

80  16 hours  

82  12 hours  

85  8 hours  

88  4 hours  

91  2 hours  

94  1 hour  

97  30 minutes  

100  15 minutes  

103  7.5 minutes  

106  3.8 minutes  

109  1.9 minutes  
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112  57 seconds  

115  28.8 seconds  

118  14.4 seconds  

121  7.2 seconds  

124  3.6 seconds  

127  1.8 seconds  

130  0.9 seconds  

Source: (S W A, 2011).   

  

2.5   Acoustic Materials Available for Noise Control   

In controlling noise, these four types of noise control materials are mostly used. These 

materials include, Sound absorbers, sound insulators for airborne sound, vibration 

isolators and dampers.   

  

2.6  Acoustic properties  

Materials available for acoustic treatment have different properties as far as noise 

reduction is concerned. Several research works dealt with the acoustical properties of 

materials. Asdrubali. (2007), investigated the acoustical properties of materials 

developed from recycled tyre granules bound together with a binder. Results showed 

that, the Coefficient of Absorption decreases with the increase in grain size. It was 

found that better performance of sound absorption coefficient can be achieved using 

small size rubber granules. Compaction ratio on the grain sizes seems to have effect on 

the reduction of the absorption coefficient particularly between 2 kHz and 6 kHz. 

Damping properties of a rubber in some cases has been proposed together with carpet 

waste fibers in order to optimize the impact of sound insulation because of its intrinsic 

properties such as low internal sound speed, high specific weight, and its ability to 

absorb sound and dissipate energy. Performance after installation last for many years 

since its resilience changes very little thus keeping insulating performance constant. 
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Rwawiire et al. (2017), investigated cellulose nonwoven natural fabric (barkcloth) to 

determine its sound absorption and thermal properties. It was found to have higher 

sound absorption properties at higher frequencies. Increasing the layers showed 

positive results towards sound absorption property and very poor thermal  

conductivity, when used as headliners inside vehicles.   

  

Acoustic properties of porous polycarbonate material (PPM) fabricated by additive 

manufacturing was considered by  Liu et al. (2016). Results indicated that, at low 

frequencies significant reduction of sound absorption performance can be achieved by 

reducing air gap and increasing the slanted angle. Figure 2.1 shows design of test 

samples.  

    

  

  

Figure 2.2 Porous Polycarbonate Material (PPM)  

Maderuelo-Sanz et al. (2013), investigated new materials and their acoustical 

properties. Materials considered were ground tyre rubber having different particle 

sizes mixed with polyurethane resin. Results obtained showed that, porous 
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absorbers with small thickness has high sound absorption reduction. The acoustic 

performance of the material compared to some of the current models for the 

prediction of their absorptive properties depends on the flow resistivity, 

tortuosity, the porosity and the thickness.   

  

The absorption properties of different waste layers of a tea-leaf-fiber with and 

without backing of woven textile cloth were investigated by Ersoy and Küçük 

(2009). It was found that, a sample with backing with a thickness of 1 cm gave 

sound absorption almost the same as one provided with six layers. The sound 

absorption properties of the material developed increased as thickness and the 

backing increases.  

The properties of Sound absorption capacity of materials made of perforated 

composite panels of fiberboard sawdust, recycled rubber, and high density 

polyethylene were investigated by Xu et al. (2018) using high-density 

polyethylene as a binder. The results indicated that, the structural parameters: 

depth of cavity, size of the hole and the perforation ratio affected the sound 

absorbing properties.  

  

2.7  Absorption materials  

Since the Acoustic material developed would be used to partition buildings or installed 

on the walls of rooms, it would be necessary to consider the behaviour of sound under 

the following circumstances. In an event where the sound is incident on a material such 

as a wall, the following eventually takes place. The sound may be either transmitted, 

absorbed or reflected, as shown in Figure 2.2. When these materials are used to insulate 

the walls of the rooms, they may give perfect absorption and transmit the sound as well. 

Considering a window opening, Sound Absorption Coefficient (α) is considered as one 
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(1). When α ꞊ 1, then it means the material is a total absorbent because none of the 

incident sound is reflected. If α ꞊ (0), then it means a total reflection (Jayamani et al., 

2013).  

                   

Figure 2.3 Absorption,  Reflection,  and Transmission  of  Sound   

Source: (Cao et al., 2018)  

The absorption coefficient (α) is defined as the ratio of sound absorbed by the material 

in dB (A) to the level of sound absorbed without the material. The Noise Absorption 

Coefficient (α) can be determined using the formula:  

E  Ei Er Et 

 Noise Absorption Coefficient:                                                     1  

 Ei Ei 

Where, α  is Noise Reduction Coefficient    is sound energy 

absorbed     is the sound energy without the acoustic material     

is the sound energy reflected  is the sound energy transmitted. 

Source: (Tang and Yan, 2017)  

  

2.5 Noise Reduction Coefficient (NRC)  

Noise reduction Coefficient (NRC) is the means used to measure the effectiveness of 

materials to absorb sound or prevent them from reflecting sound. This is the percentage 

of sound, the acoustic material absorbs without reflecting back into the enclosure. Table 

2.2 shows Noise Reduction Coefficients (NRC) for some common building materials.   
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Table 2.2 Noise Reduction Coefficients (NRC) for some common building materials  

Material   NRC  

Brick, painted   .00 - .02   

Brick, unpainted  .00 – .05   

Carpet, indoor-outdoor  .15 – .02   

Carpet, heavy on concrete  .20 – .20   

Carpet, heavy on foam rubber  .03 - .55   

Concrete (smooth), painted  .00 - .05   

Concrete (smooth), unpainted  .00 -.20   

Concrete block  .05   

Concrete block unpainted  .05 – .35   

Cork, floor tiles (3/4 inches thick)  .10 - .15   

Cork, wall tiles (1 inches thick)   .30 - .70   

Drapery, light weight (10 Oz)  .05 - .15   

Drapery, medium weight (14 Oz) velour draped to half  .55   

Drapery, heavy weight (18 Oz) velour draped to half  .60   

Fabric on gypsum  .05   

Fiberglass, 3-1/2 inches batt  .90 - .95   

Fiberglass, 1 inches semi-rigid   .05-.75   

Glass  .05 - .10   

Gypsum   .05    

Linoleum on concrete   .00 - .05   

Marble  .00   

Plaster  .05   

Plywood  .10 - .15   

Polyurethane Foam (1 inches, open cell, reticulated)   .30   

 Rubber on concrete  .05   

Seating (occupied)  .80 - .85   
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Seating (unoccupied), metal  .03   

Seating (unoccupied), wood  .03   

Seating (unoccupied), fabric upholstered  .60   

Seating (unoccupied), leather upholstered   .50   

Soundboard (1/2 inches thick)  .02   

Sprayed cellulose Fiber (1inches thick on concrete)  .50 - .75   

Steel   .00 - .10   

Terrazzo  .00   

Wood   .05 - .15   

Source:(Roit, 2009)  

  

2.8  Behaviour of sound in a room  

With the aim of investigating materials available locally to reduce sound in buildings 

by installing them on the walls of a room or using them as office partitioning materials, 

it is necessary to consider sound under the following conditions in a room.  

In the circumstances where the source of sound is generated in a room to the wall the 

wave moves towards the wall in a spherical form where it is either absorbed, transmitted 

or reflected as indicated in Figure 2.2. The reflected sound moves to another wall where 

it is then absorbed, transmitted or reflected. This continues until its energy is completely 

absorbed or reflected. On the average it takes the reflection about 200 to 300 reflections 

before it is finally transmitted or absorbed (Watson, 1927). Reflection of sound is useful 

where the aim is to reduce the level of sound passing through the structure. The only 

disadvantage is where the source of sound is enclosed; most of the sound would be 

trapped in the enclosed area, thereby resulting in reverberation of sound. The enclosure 

properties strongly affect the sound in the enclosure (Bies and Hansen, 1988a).  
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d 

2.9  Fundamentals of Acoustics  

The following are some of the parameters of sound.  

Frequency (Pitch)  

Wavelength   

Amplitude (Loudness)  

Duration  

The resonance can be analysed by using the following equation.   

         fo 
 1

2
 k 

m                                                                                                  2  

Where   the operating frequency measured in 

hertz  is the stiffness of the material in Newton per 

meter  is the mass it is supporting  

Another way to calculate the operating frequency is by using the equation  

fo 
 4.98 

                                                                                                              3  

(Bies et al., 2017) Where          d is how much the 

isolating material is compressed in cm.   is the 

resonance frequency.  

Transmissibility (T) equation of sound isolator is given as   

1 2 x 2 

T  2                                                                                        4  

1 x2 2 2 x  

 = f/                                                                                                                 5  

(Bies et al., 2017)   

Where   
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T is the transmissibility  ζ is 

critical damping ratio   is 

the operating frequency  is 

the excitation frequency  

  

2.10 Transmission loss and noise isolation  

Noise level between a source and a worker, can be reduced by introducing an obstacle 

to its line of propagation. One expectation of the obstacle is to reduce noise entirely or 

completely from its origin but in reality, some of the noise may end up going through. 

Virtually that may depend on the reduction of the level of noise, the acoustic properties 

of the room and the properties of the reducing material. Transmission loss  

(TL) is defined as   

TL 10log10                                                                                                                 6 Where  

 is the Coefficient of transmission   τ can be defined as the ratio of the sound 

transmitted to the incident energy on the obstacle.  

The transmission loss is equal to the reduction, if the space receiving the sound is 

outdoor but the reduction noise can be determined by the equation below if the 

receiving space is indoors.  

NR TL 10log10
Awall 

s                                                                                        7  

(Bies and Hansen, 1988b)  

Where  

  is the partition surface area    is the 

absorption of the receiving space in    
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Porous materials allow the flow of sound through them as a result the pressure gradient, 

which determines its usefulness for acoustic purpose. An important property which is 

the flow resistance is defined as the induced pressure drop across the material over the 

resulting average volume velocity per unit area of the material and is given as  

Rf 
PA

U0                                                                                                                8  

(Bies and Hansen, 1988a)  

  

Where  

 the flow resistance  

ΔP is the pressure drop across the layer   

is the Area of barrier  

 is the induced average volume flow in   

Experimental research indicates that porous materials normally made of uniform 

composition may be described by a unit flow resistivity. Meaning the flow resistivity (

) of such materials is directly proportional to the thickness ( ) of the material given 

as,  

  =                                                                                                                         9  

(Bies and Hansen, 1988b)   

Where   

 is a constant  

is the thickness  

  

2.11 Parameters for Evaluating Acoustic performance.  
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Flow Resistivity: Airflow measurement through a material is one of the physical 

properties used in assessing an absorbing acoustic material. The following useful 

equations  are used to illustrate flow resistivity  

Rf 
P

qv                                                                                                                 10  

  =                                                                                                                      11  

R 

rf                                                                                                                    12  

          (Kuczmarski and Johnston, 2011)  

           Where   is the flow 

resistance  (Pa. s/ )  

ΔP is the pressure difference across the test sample (Pa)  

is the volumetric flow rate through the material ( )  

is specific flow resistance (Pa.s/ )  

 is cross-sectional area of the material perpendicular to the flow ( ) 

is flow resistivity (Pa·s/m2 )    is the thickness of material (m)  

  

2.11.1 Compression Rate ( )   

Compression rate is given as n                                                                         13  

(Hosseini Fouladi et al., 2012)  

Where  is original thickness of the sample  

is thickness of the sample after compression  

  

2.12  Measurement and Duration  

Time of measurements and duration at which measurements are taken may affect the 

noise levels that are measured. Measurements should be carried out over a sufficient 

n 
o 

t 
t 

d 
s 
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period of time to establish the average noise levels, and if necessary, maximum noise 

levels, from the facility.   

The following equations are used to calculate the level of noise for day and night time   

  

1  LAeqM   LAeqA  

LD 10log  10 10   10 10                                         14  

(Oyedepo and Saadu, 2010)  

 Where  

   = The equivalent sound pressure for the morning measurement  

= The A-weighted equivalent sound pressure level   

= The equivalent sound pressure level for the evening measurement   

 = The equivalent sound pressure level for the afternoon measurement  

  = The equivalent sound pressure level for the night measurement  

    = Night time noise level       

    = Day time noise level   

  

   

2  

  

   

   

1  

   LD 10log  10 

2 

 

L 

AeqE   

10   

10 

  

LAeqN 

 

 

10                                          15  
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   CHAPTER THREE  

MATERIALS AND METHODS  

This chapter describes the procedures for the following activities: collection of the local 

materials, performing sieve analysis to determine the particles sizes of the local wastes, 

fabrication of mould, preparation of the binder, forming of the tiles, and carrying out 

the experiments to obtain data.  

Local materials identified and considered. Preparation of binding agent, forming of the 

test samples, experiments were carried out using the samples in an impedance tube to 

study it sound reduction effects to collect data.    

The mode of collecting and transporting the material was by means of vehicle to the 

laboratory. The Sawdust, mainly Red Wood collected from the Sokoban wood village 

and the coconut fiber from the Suame Runabout Market, Kumasi. The Starch and the 

Vinegar, as well as the carpenters glue used as  binding agent was obtained from the 

Central Market, Kumasi.  

In the laboratory, sieve analysis of the material particle into grades, was carried out 

using sieves sizes of 4.75, 2.00 and 0.6 mm. The different grades of grains was used to 

prepare tiles blended with brown coconut fiber in in a given ratio.   

A mould of specified diameter size was prepared at the carpentry shop was used to form 

the tiles using the universal hydraulic tensile testing machine to compress the prepared 

samples. The maximum capacity of the universal hydraulic compressing machine is 50 

ton. Samples formed from these materials were used to carry out the experiment after 

which the data collected was analysed.  

Necessary conclusions drawn after the study and a sound reduction material proposed.  
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3.1  Preparation of Mould  

A cylindrical Mould made of galvanized steel pipe with an internal diameter of 75 

millimeters and thickness 3 millimeters was used to form the shape of the sample. The 

galvanized steel pipe, base plate and the piston used to form the samples are shown in 

Figure 3.1  

  

Figure 3.1The mould used to form the test samples   

  

3.2  Instrumentation  

3.2.1  Precision Digital sound level meter (DT8852)  

The sound level meter used in measuring the sound level during the experiment was a 

DT8852 precision Digital meter with a data logger. It was calibrated as specified by the 

manufacturer before taking readings at the beginning of each test on daily basis. It is 

designed for all kinds of environmental sound measurement. The unit dBA is the 
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average measure of the noise level. The Precision Digital Sound Level Meter has the 

following specifications:   

Table 3.1 Instrument Specifications:  

Applied Standard  IEC61672-1 Class 2  

Accuracy  ± 1.4 dB  

Frequency range  3.15 Hz – 8 kHz  

Microphone    inch electric condenser microphone  

Analog output  AC output, AC= 1Vrms, DC=10 mV/dB  
DC 

Data logger: Sampling time rate  1 – 59   

  

3.2.2 Balance Scale  

A balance scale was used to weigh the raw materials. The balance scale was calibrated 

each day before the beginning of each sample preparation using a digital weighing 

scale.  

  

3.3  Binder Preparation  

Originally, the idea was to use only Cassava starch prepared locally but after a few 

tests, it was observed that it could not give a proper binding of the particles, so this idea 

was abandoned.  

It was found from other research works that a combination of Cassava starch and 

vinegar gives a better binding. Cassava starch and vinegar prepared at the laboratory 

was used as a binding agent for the research. Cassava Starch and vinegar used in 

preparing the binder were obtained from the Kumasi central market, Ghana.   

Starch of mass 0.4536 kilogram was weighed using a balance scale. The starch was 

then mixed with 650 milliliters of water and 40 milliliters of vinegar. The mixture was 
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put in an aluminum-cooking utensil and prepared by cooking it for about seven (7) 

minutes, after which the binder was ready to be used. The starch and the vinegar 

prepared gave a better binding but could not exhibit the right properties needed. The 

test sample became very hard after allowing it to dry under room temperature, therefore 

carpenters white glue and silicone were rather used.   

  

3.5  Extraction of Fibers   

Sawdust and Coconut fibers were used as the main raw materials. Saw dust is usually 

thrown away as a waste by-product at the sawmills. The natural fiber extracted from 

the outer shell of the mature coconut fruit was used. There are different types of this 

waste product, white and brown, but the brown fiber was chosen above the white 

because it is more available than the white fiber.   

During preparation, the fiber was extracted manually from the fruit and left to dry in 

the sun. It was then carried to the grinding machine where the coconut fiber was milled 

into smaller particles.  

  

3.6  Sieve Analysis  

 Sawdust collected from the Sokoban wood village was sieved into three particles sizes. 

The sieves used were a 4.7 mm, a 2.0 mm and a 0.6 mm sieves. The sieves were 

arranged in such a way that, the 4.7 millimeters (mm) sieve was on top, followed by 

the 2.0 millimeters (mm) and with 0.6 millimeters underneath. The Sawdust particles 

passing through 4.7 millimeters (mm) but retained on the 2.0 millimeters sieve i.e. (4.7 

 x  2.0) millimeters and that passing through 2.0 millimeters i.e. (2.0  x), were 

obtained and used to develop the acoustic materials. Further sieving analysis were done 

on these local materials to achieve very fine particle size using a sieve size of 0.6 

millimeters.   
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Figure 3.2 to 3.3 show photograph of particle distributions after sieving the sawdust, coconut 

fiber and the expansive clay.  

   
               (a)                                      (b)                                      (c)       

Figure 3.2 Photograph of the samples after sieving  

  

                       (d)                                   (e)                                         (f)                                                    

Figure 3.3 Photograph of the samples after sieving.   

  

Table 3.2 Particles distribution and Classification samples after sieving  

Particles distribution  Classification  

Particle sizes of the range 4.7 > x ≥ 2.0  big grade  

Particles sizes of range 2.0 > x mm  small grade  

particles sizes less than 0.6 mm  fine grade  

Coconut Fiber less than 0.6 mm  fine grade  

Expansive clay less than 0.6 mm  fine grade  

Coconut Fiber  un-sieved  

  

    

3.7   Compression of Samples  

 Table 3.2 shows the mixed proportions of the materials used to develop the samples  

 Proportions of materials used to develop the samples  
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Table 3.3 Mixture of Different Grade of Materials  

Sample 

number  

Thickness 

of sample 

(mm)  

Proportions on weight basis     

Coconut  

 Fiber  

Small Big grade 

grade  

sawdust   Sawdust   

Clay  

  

Binder  Fine 

grade 

sawdust  

1  30.6  -  1  -  -  2  -  

2  33.6  -  1  -  -  2  -  

3  31.5  1  1  -  -  2  -  

4  30.1  1  1  1  -  2  -  

5  31.0  -  1  1  -  2  -  

6  20.0  1  -  -  -  2  -  

7  30.3  -  -  -  -  2  1  

8  30.4  1  -  -  -  2  1  

9  23.0  -  -  -  1  2  1  

  

The compression of the samples for the test was done using hydraulic means. Figure 

3.7 shows a 50-ton capacity hydraulic tensile testing machine used in compressing the 

samples prepared. The prepared samples were compressed and weighed. Small grade 

and big grade sawdust samples were compressed up to 3.5 tons at room temperature. 

Fine grade sawdust samples were compressed up to 5 tons at room temperature. A layer 

of 2.5 millimeters (mm) of dry plantain leaves was inserted halfway into some of the 

samples before further compression. Compression was performed under ambient 

temperature.   

Figures 3.8, to 3.14 show the test samples developed after the compression with different 

grades of sawdust. This includes small grade, big grade, small and big grades mixed 

together, and small as well as big grades mixed with coconut fiber.   
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(a) 
 

 

(b)  
 

Figure 3.4 Small grade sawdust ((a) with dry plantain leaf layer and (b) without dry 

plantain leaf layer)  

  

(c)   (d)  
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Figure 3.5 Mixture of small and big grade sawdust ((c) with dry plantain leaf layer 

and (d) without dry plantain leaf layer)  

Figure 3.6 Mixture of small grade sawdust and coconut fiber ((e) with dry plantain 

leaf layer and (f) without dry plantain leaf layer)  

  

  

Figure 3.7 big grade sawdust ((g) with dry plantain leaf layer with and (h) without 

dry plantain leaf layer)  

e  f  

g  h  

l  k  

(m)  n  
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Figure 3.8 Fine grade sawdust ((k) with expansive clay and (l) without expansive clay)  

  

Figure 3.9  (m) Coconut fiber mixed with  Expansive clay and (n)  Coconut fiber mixed 

with fine grade sawdust.  

  

  

Figure 3.10 Samples made with plantain leaf Layer  

  

3.8  Experimental Setup  

An experimental setup was prepared for the test. The set-up was in a form of an 

impedance tube with sample holder. It consist of a precision digital sound level meter 

(DT8852), a speaker inserted at one end, an hp laptop to log the data recorded by the  

sound level meter and a DEGEM SYSTEMS (TK/FG) signal generator (model141B1), 

with a frequency range of 1 Hz - 1 M Hertz (MHz). The signal generator was used to 
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generate the sound at different frequencies for the experiment. The selected frequencies 

used to investigate the noise level ranges from 1-8 kHz. The level of the sound intensity 

measured in decibels (dBA), before and after placing the sample acoustic materials at 

the selected frequency was measured using the sound meter. The precision digital sound 

level meter was inserted into the tube and connected to the hp laptop as shown in the 

Figure 3.16 to log the data.  

In order to minimize the effect of the noise in the background on the measurements, experiments 

were conducted during weekends, from 4:30 am to 10.00 am.  

  

 Figure 3.11 Experimental setup of the Impedance Tube  
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Figure 3.12 Experimental setup of the Impedance Tube   

  

 Before the sound proofing samples were used, measurements of sound levels were taken at 

different signal generator frequencies. This was done for the frequency range  

1-8 kHz inclusive, at an interval of 0.5 kHz. The sound reduction materials were then fitted into the 

sample holder and the measurement of the intensity of the sound level was recorded for the same 

frequency ranges at the same intervals.   

Sound Reduction and Absorption Coefficients were then determined according to the   ASTM 

E-1050 standard in the laboratory using the measured data.   

The Noise Reduction Coefficient (NRC) is the means used to determine the  

effectiveness of the noise reduction of the material at different frequencies.   

Noise Reduction Coefficient (NRC) =                                                                 3.1  

 
Noise Absorption Coefficient (NAC) =                                                                    3.2  
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Where, a is sound intensity measurement in decibel (dBA) without placing the acoustic 

material and b is measurement of the sound intensity in decibel (dBA) with the acoustic 

material in place.   

In the current study, Noise Reduction Coefficient (NRC) was used to quantify the effect 

of noise reduction at each frequency. Noise Reduction Coefficient (NRC) was 

determined as the ratio of the noise reductions due to the specimen to the incident noise 

level without placing the specimen. Equation 3.1 was used to calculate the NRC values 

for the tests  
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   CHAPTER FOUR  

   RESULTS AND DISCUSSION  

This chapter presents the obtained experimental data and the analysis of the data that 

enabled the computation of the Noise Reduction Coefficient (NRC) for different 

materials, particles sizes and different mixed proportions of the tested materials.    

  

OBJECTIVE 1: To investigate the noise level within some specific frequency range. 

Table 4.1 shows the experimental values of the noise level within some specific 

frequency range without the test sample developed in place. It contains the selected 

frequency range of 1 to 8 kHz. The measurements of the sound level without the test 

sample developed in place continuously recorded at 0.5 kHz intervals. The sound levels 

at the given frequency was obtained in decibels (dBA) before placing the test materials 

developed at the start of each experiment.   

Observation from the table indicated that day 1, recorded maximum sound level value 

of 99.8 dBA at the frequency 3.5 kHz and its minimum value of 89.7 dBA at the 

frequency 5.0 kHz. Day 2 registered its maximum noise level value of 84.7 dBA at the 

following frequencies 1.5, 2.0 and 3.5 kHz with its lowest sound level of 83.9 dBA at 

1 kHz. The maximum noise level for day 3 recorded its peak value of 98.8 dBA at the 

frequency of 4.0 kHz with its minimum value of 70.4 dBA occurring at  

8.0 kHz.  

    

Table 4.1 Noise level within a specific frequency range    

Frequency 

(kHz)  

Sound level 

without test 

sample 

(dBA)  

Day 1  

Sound level 

without test 

sample 

(dBA)  

Day 2  

Sound level 

without test 

sample 

(dBA)  

Day 3  

1.0  96.4  83.9  97.6  
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1.5  97.2  84.7  96.0  

2.0  99.5  84.7  95.0  

2.5  99.4  84.5  86.3  

3.0  98.7  84.5  85.0  

3.5  99.8  84.7  88.6  

4.0  98.7  84.5  98.8  

4.5  99.2  84.3  84.3  

5.0  89.7  84.5  82.1  

5.5  97.1  84.5  82.9  

6.0  90.8  84.3  86.2  

6.5  95.7  84.3  86.7  

7.0  92.4  84.3  73.4  

7.5  97.7  84.3  80.6  

8.0  94.9  84.3  70.4  

  

OBJECTIVE 2: Determination of sound level using various types of materials  

  

Table 4.2 to 4.4 shows the sound reduction level of the various type of test materials developed in 

place within the given frequency range of 1 kHz to 8 kHz.  

Table 4.2 show the sound levels of small grade sawdust with and without a layer, 

mixture of small grade, big grade sawdust, with and without a layer of dry plantain 

leaves in decibels.   

The results show that small grade sawdust without a layer prevented most of the sound 

from passing through while the test sample with a layer was not able to prevent most 

of the sound from passing through it. The sample without a layer recoded its maximum 

value of 68.8 dBA at the frequency 2 kHz while the test sample with a layer recorded 

its maximum value of 90.0 dBA at the frequency of 1 kHz.  

For the test samples developed from the mixture of small grade and big grade sawdust, 

the test sample without a layer registered its maximum value of 91.1 dBA at the 

frequency of 1 kHz with its minimum value of 60.7 dBA at the frequency of 6.5 kHz. 

The sample with a layer recorded a maximum value of 92.0 dBA at the frequency 2.0 

kHz and its minimum value of 57.7 dBA at the frequency 3.5 kHz.  
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Table 4.2 Sound level of the various materials.  

Frequency   

(kHz)  

Small grade 

sawdust 

without a layer 

of dry plantain 

leaves (dBA)  

Small grade 

sawdust 

with a layer 

of plantain 

leaves 

(dBA)  

  A mixture of 

small and big 

grade sawdust 

without a layer dry  

plantain leaves  

(dBA)  

  

A mixture of 

small and big  

grade sawdust  

with a layer dry  

 plantain leaves  

(dBA)  

   

1.0    67.2  90.0  91.1  89.4  

1.5    63.8  88.6  82.5  74.5  

2.0    68.8  84.7  87.0  92.0  

2.5    63.9  73.6  85.9  74.6  

3.0    64.8  64.7  75.6  70.6  

3.5    59.5  79.8  86.1  57.7  

4.0    62.8  71.4  82.5  75.7  

4.5    58.4  62.4  70.1  63.6  

5.0    67.4  79.6  81.8  68.7  

5.5    64.2  64.6  79.4  59.7  

6.0    60.1  68.7  70.7  62.0  

6.5    58.7  70.9  61.7  63.1  

7.0    50.7  61.6  70.2  72.5  

7.5    60.2  66.2  66.6  56.8  

8.0    51.7  60.2  63.0  52.2  

  

Table 4.3 shows the sound level of the various materials of big grade sawdust with and 

without a layer and a mixture of small grade, big grade and a mixture of small grade, 

big grade sawdust with coconut fiber.  

The sound level of the big grade sawdust without a layer has a maximum sound level 

of 90.0 dBA at the frequency 1 kHz with its minimum value of 60.2 dBA occurring at 

the frequency of 8 kHz. The big grade test sample with a layer recorded its maximum 

value of 99.9 dBA occurring at the frequency 3.5 kHz with its lowest value 71.6 dBA 

occurring at 7.5 kHz.  

  

Test sample produced from a mixture of the two grades sawdust, small and big recorded 

its peak value of 92.0 dBA at the frequency of 2.0 kHz with its lowest value of 52.2 

dBA at the frequency of 8 kHz.  
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Combinations of small grade, big grade and coconut fiber recorded a maximum value of 

84.1 dBA at the frequency of 1 kHz while its minimum value of 54.3 dBA  

registered at the frequency of 4.0 kHz.   

Table 4.3 Sound level of the various materials.  

Frequency  

(kHz)  

Big grade 

sawdust  

(dBA)  

  

  

Big grade 

with a layer of 

dry plantain 

leaves (dBA)  

A mixture of small and 

big  grade sawdust  

with a layer  

dry  plantain leaves  

(dBA)  

mixture of 

small grade, 

big grade and 

coconut fiber   

(dBA)   

1.0  90.0  99.5  89.4  84.1  

1.5  88.6  98.9  74.5  77.6  

2.0  84.7  99.1  92.0  80.0  

2.5  73.6  97.5  74.6  70.5  

3.0  64.7  91.1  70.6  66.1  

3.5  79.8  99.9  57.7  74.1  

4.0  71.4  93.3  75.7  54.3  

4.5  62.4  90.4  63.6  64.9  

5.0  79.6  90.5  68.7  74.7  

5.5  64.6  94.3  59.7  54.9  

6.0  68.7  92.1  62.0  68.3  

6.5  70.9  82.9  63.1  71.5  

7.0  61.6  88.2  72.5  71.6  

7.5  66.2  71.6  56.8  60.2  

8.0  60.2  83.4  52.2  58.2  

  

Table 4.4 show the sound level of the various test materials developed using fine grade 

sawdust, fine grade coconut fiber, mixtures of fine grade sawdust and fine grade 

coconut fiber, fine grade sawdust mixed with expansive clay and a mixture of fine grade 

coconut fiber mixed with expansive clay.  

Fine grade sawdust recorded its peak sound level of 57.5 dBA at the frequency of 5.5 

kHz with its lowest value of 39.9 dBA at the frequency 6.5 kHz. Fine grade coconut 

fiber registered its maximum sound level of 76.9 dBA at the frequency 1.5 kHz. Fine 

grade sawdust mixed with coconut fiber has a peak value of 59.2 dBA at the frequency 

1 kHz while its minimum value of 40.1 dBA recorded at 7.5 kHz. Test sample 
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developed from the mixtures of fine grade sawdust with expansive clay recorded its 

maximum sound level value of 58.1dBA at 1 kHz frequency with its minimum value 

of 34.6 dBA at the frequency of 8.0 kHz.  

Sound level of coconut fiber mixed with expansive clay recorded its maximum value 

of 59.6 dBA at the frequency of 2.5 kHz with its minimum value of 36.3 dBA at the 

frequency of 6.0 kHz.  

Table 4.4 Sound level of the various materials.  

Frequency  

(kHz)  

Fine 

grade 

sawdust  

(dBA)  

  

Fine 

grade  

coconut 

fiber  

(dBA)  

  

Fine grade 

Sawdust 

mixed with 

Coconut  

fiber 

(dBA)  

Fine grade 

sawdust 

mixed with 

expansive 

clay   

(dBA)  

  

Coconut fiber 

mixed with 

expansive 

clay  

(dBA)  

  

1.0  53.4  68.1  59.2  58.1  56.6  

1.5  48.9  76.9  53.9  48.4  48.9  

2.0  51.0  73.7  53.6  52.6  49.6  

2.5  47.6  60.5  57.2  53.0  59.6  

3.0  55.8  69.8  58.5  47.4  56.9  

3.5  52.1  68.7  47.0  39.6  45.3  

4.0  46.0  56.1  58.5  37.8  54.0  

4.5  43.0  54.1  54.4  42.3  40.2  

5.0  49.4  44.7  56.4  40.4  50.4  

5.5  57.5  62.4  56.1  54.0  45.9  

6.0  47.2  70.9  49.9  51.1  36.3  

6.5  39.9  65.2  44.2  43.4  36.8  

7.0  43.5  55.5  45.0  55.5  43.8  

7.5  47.8  62.2  40.1  38.2  38.6  

8.0  40.5  58.8  41.4  34.6  41.5  

  

    

OBJECTIVE 3: Comparison of NRC for the various types of materials used.  

Table 4.5 shows the calculated values of noise reduction coefficient of the various types of 

materials used.       

Table 4.5 Calculated values of noise reduction coefficients  
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Small grade 

sawdust 

without a 

layer of dry 

plantain 

leaves  

Small grade 

sawdust with 

a layer of dry 

plantain 

leaves  

Mixture of 

small and big 

grade sawdust 

without a layer 

dry plantain  

leaves  

  

 Mixture of 

small and big 

grade sawdust 

with a layer 

dry plantain  

leaves  

  

Small 

grade 

without a 

layer of 

dry 

plantain 

leaves   

Big grade  

sawdust   

  

  

0.30  0.07  0.05  0.07  0.08  0.07  

0.34  0.09  0.15  0.23  0.08  0.09  

0.31  0.15  0.13  0.08  0.11  0.15  

0.36  0.26  0.14  0.25  0.05  0.26  

0.34  0.34  0.23  0.29  0.24  0.34  

0.40  0.20  0.14  0.43  0.1  0.20  

0.36  0.28  0.16  0.23  0.28  0.28  

0.41  0.37  0.29  0.36  0.26  0.37  

0.25  0.11  0.09  0.23  0.03  0.11  

0.34  0.33  0.18  0.39  0.22  0.33  

0.34  0.24  0.23  0.32  0.2  0.24  

0.39  0.26  0.36  0.34  0.18  0.26  

0.45  0.33  0.24  0.22  0.16  0.33  

0.38  0.17  0.32  0.42  0.17  0.32  

0.46  0.14  0.34  0.42  0.14  0.37  

  

  

Figure 4.1 shows the Noise Reduction Coefficient (NRC) of the sawdust with and 

without a layer of dry plantain leaf at the frequency ranges of 1000 hertz to 8000 hertz. 

From the graph, the results show that sawdust without the layer performed far better 

than sawdust with a layer in terms of Noise Reduction Coefficient (NRC). The results 

from the graph clearly show that sawdust without a layer has the lowest reduction value 

of 0.25 representing 25% at the frequency of 5 kHz and the highest NRC value of 0.45 

representing 45% at the frequency ranges 7 - 8 kHz. It shows better performance in the 

reduction within the frequency range of 1 kHz to 4.5 kHz and frequency greater than 5 

kHz to 8 kHz. Clearly, a reduction of the NRC between the frequency of 4.5 kHz and 

5 kHz could also be observed.   
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Similarly, the NRC of the sample with the layer performed lower, with the least value 

of 0.04 at the frequency of 5 kHz and the maximum value of 0.28 at the frequency of 4 

kHz. Generally, the sample without a layer performed better having higher NRC values 

than the sample with the layer. Both samples exhibited lower NRC at the frequency of 

5 kHz.  

 

  

  

Figure 4.1 Noise Reduction Coefficients for small grade Sawdust at different frequencies   

  

Figure 4.2 shows the Noise Reduction Coefficient (NRC) of a mixture of the big grade 

and the small grade sawdust. Results show that sample with a layer gained higher values 

than the sample without a layer, except at 2 and 7 kHz. At 2 kHz, it registered a noise 

reduction of 0.075 (7.5%) and 0.225 (22.5%). The sample with a layer gained its peak 

value of 0.43 at a frequency of 3.5 kHz, whiles the sample without a layer recorded its 

peak value of 0.363 (36.3%) at 6.5 kHz and lowest noise reduction coefficient value of 

0.05 (5%) at a frequency of 1 kHz. Generally, the noise reduction coefficient for the 

mixture of the small grade and big grade sawdust with a layer gained higher values than 

one without the layer.   
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Figure 4.2 Noise Reduction Coefficient of a mixture of small and big grade sawdust 

at different frequencies.  

  

Figure 4.3 clearly show the performance of the NRC between the big grade and the 

small grade. The performance of the small grade gained higher values than the big grade 

except at a frequency of 7.5 kHz where it recorded its peak value of close to  

0.275 (27.5%). Significantly, the sample with small grade sawdust recorded its peak 

NRC at the frequency of 4 kHz with a reduction of 0.28 (28%) and its minimum NRC 

value of 0.025 (2.5%). The big grade recorded its minimum NRC value of 0.025  

(2.5%) at the frequency of 5 kHz.  
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Figure 4.3 Effect of the particle size on Noise Reduction Coefficient at different frequencies.  

  

Table 4.6 calculated values of noise reduction coefficients.  

Small 

grade  

sawdust  

  

Big grade  

sawdust   

  

  

Mixture of 

small grade, 

big grade and 

coconut fiber  

Sample  

with fine 

grade 

sawdust  

Sample with fine 

grade sawdust 

mixed with 

Coconut fiber  

0.30  0.07  0.13  0.45  0.39  

0.34  0.09  0.20  0.49  0.44  

0.31  0.15  0.20  0.46  0.44  

0.36  0.26  0.29  0.45  0.34  

0.34  0.34  0.33  0.34  0.31  

0.40  0.20  0.26  0.41  0.47  

0.36  0.28  0.45  0.53  0.41  

0.34  0.37  0.35  0.49  0.35  

0.25  0.11  0.17  0.40  0.31  

0.34  0.33  0.43  0.31  0.32  

0.34  0.24  0.25  0.45  0.42  

0.39  0.26  0.25  0.54  0.49  

0.45  0.33  0.23  0.41  0.39  

0.38  0.32  0.38  0.41  0.50  

0.46  0.37  0.39  0.42  0.41  

  

Figure 4.4 shows a comparison of NRC of three different sample materials. The three 

are the small grade sawdust, big grade sawdust and a mixture of coconut fiber, small 

grade and big grade sawdust. The results clearly show that the combination of the small 
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grade sawdust, big grade sawdust and coconut fiber with the binder combined in the 

mass ratio of 1:1:1:2 performed better than the small grade sawdust. Its peak NRC value 

of 0.45 (45%) was recorded at the frequency of 3.5 kHz and its minimum NRC of 0.14 

at the frequency 1 kHz. The results also show that the big grade sawdust is more porous 

and therefore the performance with reference to noise reduction is very low compared 

to the small grade and the combination to the three materials as illustrated on the graph. 

That is, the bigger the particle size the lower the performance in relation to noise 

reduction.  

 

Figure 4.4 Noise Reduction Coefficient for different samples at different frequencies.  

  

Figure.4.5 shows the performance of the Noise Reduction Coefficient of fine grade 

sawdust with and without coconut fiber. Fine grade sawdust are sawdust particles that 

passes through a 0.6 mm – sieve. The coconut fiber was sieved with the same sieve. 

The mixed proportion of the Sawdust, Coconut Fiber and the binder had a mass ratio 

of 1:1:2. It was compressed to 3.5 tons. The result clearly indicated that the fine grade 

sawdust without coconut fiber recorded higher NRC values than that mixed with 
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coconut fiber. The fine grade sawdust recorded its peak NRC value of 0.54 (54%) at 

the frequency of 6.5 kHz while that mixed with the Coconut fiber registered its 

maximum reduction value of 0.50 (50%) at the frequency 7.5 kHz. Both samples show 

least reduction of 0.31 or 31% NRC.   

  

 

  

Figure 4.5 Noise Reduction Coefficient of fine grade sawdust with and without coconut 

fiber at different frequencies  

    

Table 4.7 Calculated values of noise reduction coefficients  

Fine 

grade  

sawdust  

  

  

Coconut  

fiber  

  

  

Mixture of  

fine grade 

sawdust with 

Coconut fiber  

Fine grade 

sawdust mixed 

with expansive 

clay  

Coconut 

fiber mixed 

with 

expansive 

clay  

0.32  0.18  0.19  0.4  0.42  

0.32  0.09  0.17  0.5  0.49  

0.25  0.13  0.1  0.45  0.48  

0.22  0.28  0.36  0.39  0.31  

0.27  0.17  0.23  0.44  0.33  

0.37  0.19  0.33  0.55  0.49  

0.35  0.34  0.44  0.62  0.46  

0.44  0.36  0.53  0.5  0.52  

0.43  0.47  0.52  0.51  0.39  
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0.32  0.26  0.45  0.35  0.45  

0.29  0.16  0.23  0.41  0.58  

0.33  0.23  0.37  0.5  0.58  

0.37  0.34  0.34  0.24  0.4  

0.38  0.26  0.37  0.53  0.52  

0.42  0.30  0.46  0.51  0.41  

  

  

Figure 4.6 shows the noise reduction coefficient of fine grade sawdust, coconut fiber, 

and a mixture of fine grade sawdust and coconut fiber each compressed up to 5 tons, 

unlike the previous samples considered, that were all compressed up to 3.5 tons. The 

results show that the most effective noise reduction material, in this case, to be the 

material developed from the combination of the Sawdust and the Coconut Fiber. The 

noise reduction coefficient for the mixture of coconut fiber and sawdust reached the 

maximum value of 0.53 (53%) at the frequency of 4.5 kHz. The least performed 

material as far as noise reduction is concerned is the coconut fiber, but it recorded its 

reduction values higher than that of the sawdust at the frequencies 2.5 kHz and 5 kHz 

with NRC values of 0.28 and 0.47 respectively. Generally, the fine grade performed 

better than the coconut fiber in almost all the frequencies except at the 2.5 and 5.0 kHz. 

The result from Figure 4.5 and Figure 4.6 confirmed a paper published by  

Bernard Castagnede et al. (2000). It shows that when a material of the same properties are compressed 

to different forces without changing the properties of the material, it only reduces in thickness. The 

material with reduced thickness ended up   transmitting more sound through.  



 

43  

 
  

Figure 4.6 Noise reduction coefficient of coconut fiber and fine grade sawdust compressed 

to 5 tons  

  

Figure 4.7 shows the Noise Reduction Coefficient (NRC) for samples developed from 

the mixture of sawdust, and expansive clay, and a mixture of coconut fiber and 

expansive clay. Observation from the graph indicated there is a better performance in 

the Noise Reduction Coefficient with both samples developed by mixing with the 

Expansive Clay. The sample developed with Sawdust and the Expansive Clay recorded 

its maximum NRC value of 0.62 (62%) at frequency of 4 kHz and its minimum value 

of 0.24 (24%) at frequency of 7 kHz. On the other hand the Coconut Fiber mixed with 

the Expansive Clay recorded its peak values of 0.58 (58%) at 6 and 6.5 kHz and its 

minimum value of 0.31 (31%) was recorded at the frequency of 2.5  

kHz.        
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Figure 4.7 Noise Reduction Coefficient of samples made with mixtures of Expansive 

Clay and fine grade sawdust, and with Coconut fiber.   
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   CHAPTER FIVE  

CONCLUSION AND RECOMMENDATION  

5.1  Conclusion  

This research investigated the Noise Reduction Coefficient (NRC) of samples 

developed with sawdust, coconut fiber, expansive clay and dry plantain leaf.  The 

results showed that NRC improved by reducing the particle size and increasing the 

thickness of the test sample. The samples developed using small grade have a good 

noise reduction coefficient. For the material developed from sawdust and expansion 

clay, NRC values varied between 0.24 - 0.62 with the maximum value (0.62) occurring 

at 0.4 kHz frequency.  

NRC values of coconut fiber mixed with expansive clay varied between 0.31 - 0.58 with the 

maximum value of (0.58) occurring at 0.4 kHz frequency.  

It was also found that sawdust, coconut fiber and expansive clay, which are natural 

materials, have good acoustic properties and therefore may be used as alternatives to 

produce acoustic board panels or tiles with appreciable noise reduction properties. 

Making use of these materials which otherwise are waste products will reduce 

environmental pollution.  

  

5.2   Recommendation  

It is recommended that, further investigation be carried out on the binding agent, durability and 

strength of the product.  
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   APPENDIX  

Engineering drawings of the impedance tube and its accessories    
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