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ABSTRACT

Natural fibers, including kenaf core, possess significant potential as substitutes for
synthetic fibers due to their high absorbency, eco-friendliness, cost-effectiveness, and low
density. Consequently, the utilization of natural fibers has garnered considerable interest
among researchers, particularly in industries such as aircraft and automotive, where they are
employed as reinforcements to create composite materials with superior strength properties.
However, despite extensive research on natural fiber-based composites for concrete
reinforcement, there have been limited studies exploring the application of kenaf core in
acoustical panels.This study aimed to experimentally examine the effects of different sizes
of kenaf core in the development of acoustical panels. Five sizes of kenaf core were used,
namely 30 mm, 20 mm, 10 mm, 20 mesh, and 40 mesh. The kenaf core served as
reinforcement, while concrete served as the matrix. The raw materials were blended
according to the matrix composition of kenaf core and concrete and molded using 3D
printing technology. The acoustic panels were then subjected to impedance tube testing,
which focused on evaluating their performance across low, medium, and high frequency
ranges. The fabrication process and testing methods adhered to the ASTM E1050-09
standard, while the mechanical strength test utilized compressive testing based on ASTM
109. The morphological features of the samples were analyzed using a scanning electron
microscope (SEM).Overall, kenaf core exhibits tremendous potential for development due
to its cost-effectiveness, high performance, and biodegradability. Cement (C) performs well
in compressive strength, while C5 shows a substantial 131.58 % improvement over Foam
(F) at 30 mm thickness. C3 excels in flexural strength, with a remarkable 178.43 % increase
over Foam. In sound absorption, C5 leads at 500 Hz, while C3 outperforms at 1500 Hz.
These findings highlight kenaf core's diverse strengths for different applications.
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ABSTRAK

Oleh kerana ciri serapan mereka yang tinggi, mesra alam, kos rendah dan ketumpatan
rendah, serat semula jadi seperti teras kenaf boleh digunakan sebagai pengganti gentian
sintetik. Oleh itu, minat penyelidik terhadap pembangunan serat semula jadi telah
meningkat, dan industri pengeluar seperti pesawat dan kenderaan telah menggunakan
bahan komposit yang mempunyai sifat kekuatan yang tinggi. Banyak penyelidik juga
mengkaji serat semula jadi berasaskan komposit dalm bentuk konkrit, tetapi sedikit kajian
telah dijalankan mengenai teras kenaf untuk kegunaan akustik. Siasatan eksperimen kajian
ini bertujuan untuk mengkaji teras kenaf yang berbeza yang digunakan dalam pembinaan
panel akustik. Dalam kajian ini, lima (5) saiz teras kenaf telah digunakan: 30 mm, 20 mm,
10 mm, 20 mesh dan 40 mesh. Konkrit digunakan sebagai matriks dan keras kenaf digunakan
sebagai tetulang. Di dalam mesin acuan 3D, bahan mentah dicampur dengan komposisi
matriks kenaf teras yang diisi dengan konkrit. Ujian tiub impedans digunakan untuk menguji
panel akustik. Julat frekuensi rendah, sederhana dan tinggi adalah kategori biasa panel
akustik. Selain itu, semua kaedah fabrikasi dan ujian adalah berdasarkan piawaian ASTM
E1050-09. Walau bagaimanapun, pemeriksaan mekanikal yang digunakan ialah
pemeriksaan mampatan berdasarkan ASTM 109. Seterusnya, ciri morfologi dikenal pasti
melalui pengimbasan elektron mikroskop (SEM). Pada akhirnya, kajian ini menunjukkan
bahawa kenaf mempunyai potensi yang tinggi untuk pembangunan. Simen (C) berprestasi
baik dalam kekuatan mampatan, sementara C5 menunjukkan peningkatan yang besar
sebanyak 131.58 % berbanding polystyrene foam (F) pada ketebalan 30 mm. C3 unggul
dalam kekuatan fleksural, dengan peningkatan yang mengagumkan sebanyak 178.43 %
berbanding polystyrene. Dalam penyerapan bunyi, C5 memimpin pada 500 Hz, sementara
C3 lebih baik pada 1500 Hz.
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CHAPTER 1

INTRODUCTION

1.1 Background

Nowadays, composite is widely used for different application such as in the
automotive industry aerospace, sports, transportation and infrastructure (Rizkalla et al.,
2015). Jawaid and Thariq (2018) describes that composite as a combination of two or more
materials to form a unique combination of properties. Jawaid and Thariq discovered that
composite have high strength, high toughness, corrosion resistant and durable. Due to the
cos of composites is higher and they are not biologically friendly, natural fibre composites
is used to replace the composite materials.

Several studies have revealed that natural fibre has huge potential to replace the synthetic
fibre in acoustical application. Since natural fibre comes from plant material, it becomes the
main focus due to its cost, availability, low density, good mechanical properties, eco-
friendliness and biodegradability characteristic as mentioned by Siakeng et al., (2019) and it
offers remarkable advantanges over synthetic fibre. Besides that, it can also be used as a
replacement for convectional fibres, such as carbon glass, aramid and others. Zhu et al.,
(2013) concluded that natural fibre should have the same mechanism for acoustic absorption
as other conventional synthetic fibrous materials such as glass fibre and mineral wool
(Muthukumar et al., 2019). These fibres are often light and they are not harmful to human
health and therefore can be used in room acoustic products and noise barrier as sound

absorber.



Mohanty and Fatima (2015) have reported that so many studies have been discovered
on the eco-frienly and biodegradable materials such as jute (Mohanty and Fatima 2015),
hemp (Kinnane et al., 2016), cotton, coir (Fadzlita et al., 2014), banana leaf (Satyanarayana
et al., 1990) and kenaf (Lim et al., 2018) for noise control applications. There are some of
natural fibre such as jute, sisal, banana and coir that can be made into composite panels with
a suitable resin for sound absorber application as they have low density and cost application
that is similar to synthetic reinforced composites. It can be concluded that natural fibres
have huge potential to replace synthetic noise materials according to their similar acoustic
mechanical properties. Therefore, in this study, it focuses on kenaf plant to fabricate the
acoustical panel in order to improve the existing acoustic products.

According to Sadrmanesh and Chen (2019), kenaf (Hibiscus Cannabinus L.), which can
be developed under various climatic conditions, is an individual from the Malvaceae family.
Kenaf plants can develop to a height of 2.5 m to 4.0 m under ideal temperature ranging from
22°C to 30°C and soil pH from 6.0 — 6.8 conditions. The kenaf stems’s widths range from
10 to 20 mm. Harmaen et al., (2018) stated that kenaf is characterized by low density, non-
abrasivity during processing, high mechanical properties and biodegradability. In the
production of pulp and paper industry, kenaf utilized as an alternative to avoid damaged
forests, textiles, fibreboards and non-coven mats in automotive.

Kamal (2014) stated that there are many encouragements given by Malaysian
government efforts to improve the utilization of kenaf products and Malaysian Government
has identified kenaf plants as the seventh commodity crops. The studies on kenaf for bio-
composite are still in the early stages, although researchers from around the world have been
successfully setting goals to include kenaf as one of the important resources for bio-
composite researches for so many years before which is mentioned by Kamal. Furthermore,

Kamal compared to the market price of kenaf fibre and synthetic fibre most used in the
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current industry. Kenaf fibre has good mechanical properties and relatively cheaper which
is RM 4.00 per kg compared to glass fibres are RM 18.00 per kg and it was a good choice
for composite products for automotive applications. In 2010, Summerscales et al., reported
that the extraction of bast fibre from the outer bark of kenaf has equivalent strength compared
to other natural fibres such as jute, hemp and flax. High a-cellulose components, especially
kenaf basts, which has high strength in kenaf-based products, are the main role in providing
the good mechanical properties.

In addition, Abdullah et al., (2016) discovered that the kenaf core has a density of 0.10
to 0.20 g/cm? which is more porous compared to the bast and lighter which is also supported
by Yahya et al., (2017) and Saad and Kamal (2012). Kenaf has a high hemicellulose content
and lignin content is low making it becomes an ecological lignocellulosic raw material.
Okuda and Sato (2004) has studied the properties of the binderless boards made from kenaf
core with different type of manufacturing condition. Xu et al., (2014) reviewed the
development of a low-density board compaction ratio is 1.0 with a low-density board of 0.4
g/cm?3 having the same raw material value using heat and steam processes. While, Miller et
al., (1993) investigated the low-density board phenol-formaldehyde (PF) kenaf core as
reinforced 0.256g/cm3 board density. Xu et al.,(2014) reported that the kenaf core binderless
particleboards were successfully established using 0.40 — 0.65 g/cm3 steam injection
presses. The result from their experiment partially recognized the lightweight characteristic
of the kenaf core when the board’s density is low, the board’s sound performance is high. It
can be concluded that the kenaf core has a high potential for sound absorption and thermal
insulation products. In order to generate high pressure drive, it is necessary to increase the
sound efficient and conservative ways of producing sound absorption materials in
automobiles, manufacturing environments and equipment. Basically, the most commercial
material for production of porous sound absorber is made from synthetic fibre such as glass

3



wool and rock wool by Chin et al., (2018). Arenas and Crocker (2010) stated that the main
elements of sound absorbing materials from asbestos based materials to synthetic fibres is
due to the public health concerns. There are a lot of studies have shown that synthetic fibres
such as fibre glass and rock wool cause damage to our lung tissues and leads to the risk of
lung cancer after prolonged experience as these materials could scatter the dangerous
floating dust particles that can easily enters our lungs and it is supported by Zhu et al., (2015).
Non-biodegradable materials can contribute to the increasing of carbon dioxide and global
waring (Chin et al., 2018), as well as causing pollution to our environment.

Due to these health risks, the needs of finding an alternative way such as using the
natural fibre to replace synthetic fibres for sound absorption materials can be necessary. It
can solve this problem in order to reserve our surrounding environment without abandoning
our health concern and it has been proven experimentally and retains good sound absorption
qualities. Kenaf core has a huge potential; to solve this problem because they have very low
toxicity which is good for protecting the environment.

1.2 Problem Statement
There are many researches for sound absorber on the basis of natural fibre composite
based and synthetic fibre. However, the research focuses on natural fibres of kenaf core is
still lacking and limited as mentioned by Saad and Kamal (2012). Therefore, this research is
carried out to analyse the sound absorption properties of kenaf core and kenaf fibre in
acoustic applications. Moreover, the materials and equipment used to manufacture the
acoustic panels based on kenaf core must be affordable and suitable in Malaysia.
Abdollah et al.,(2015) argued that the natural fibres are non-uniformity, dimensions
variation and their mechanical propertird compared to synthetic fibres. Besides that, these
green materials cause mechanical properties instability, loss of dimensional stability and

swelling due to their high moisture absorption which indicates changes in composite weights
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and dimensions. The finding is consistent with findings from past studies by Abdollah et al.,
which Sapuam et al., (2018) stated that moisture absorption is the major objectionable
features of natural fibres causing it to swell and accelerate the loss of mechanical properties,
cracks and breeds decaying fungi. Previous studies have reported that the high moisture
absorption in treated composites and natural fibres for commercial fire retardants can be
hygroscopic by Mokhothu et al., (2017). Polyurethane (PU) can reduce the water intale of
laminate PU coated because of their good moisture resistance properties associated with its
crosslinking density. Thus, in this research, noise control needs to be improved in our lives
because noise can be defined as undesirable sound that disturbs our surroundings. There are
so many ways to improve the noise control and one of them is by developing a sound
absorber material from natural fibre composites. Tinianov (2018) found that the lack of
proper treatment in offices, apartments and lecture rooms may interfere with people’s
unpleasant feelings in those rooms. The noise is undesirable in the person is unable to
communicate or hear the conversation effectively, even though the noises not dangerous.
Sound absorber is very important in order to absorb the sound vibration from outside.
Consideration of the techniques used is important in order to reduce the noise from the
existing components and the design of quieter product.

Due to the high demand of cement and concrete production around the world, the
cement and concrete industries becoming more interested in finding alternative materials to
replace the use of synthetic fibre resources with natural fibres (Jiang et al., 2018). There are
many research primarily studied the properties of natural fibres that can be used to replace
or mix with cement thus can lower the content of cement due to environmental issues. Since
there are only few past studies related to kenaf core and concrete for sound absorption panel
such as door or walls. Therefore, this research will further focus on the study about the

development of acoustical panel from kenaf core and concrete.



1.3

1.4

Objectives

The objectives of this research are as the followings:

a)

b)

To fabricate the acoustical panel made from different size of kenaf core with
cement using 3d printing mould.

To investigate the composite composition for acoustic and mechanical
performance

To propose the best composite size for optimum performance that best for

acoustical panel.

Scope of Research

The scope of this research are as follows:

a)

b)

d)

g)

To study the potential of kenaf core and concrete used to produce acoustical
panel.

This study involves five types of kenaf core which are 30 mm, 20 mm, 10 mm,
40 mesh and 20 mesh.

This study will involve process of moulding and curing on kenaf core
reinforced concrete before proceeding with testing.

This study will determine the best size of kenaf core reinforced concrete to
produce acoustical panel.

To identify the mechanical strength and acoustical properties depending on the
various size of kenaf core reinforced concrete.

This research will included testings such as compressive test and impedance
tube testing according to ASTM standard.

The kenaf core reinforced concrete will be test at low,medium and high

frequency range



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction of Composite

According to Clyne et al. (2019), composites have become one of the most significant
and versatile classes of engineering materials, alongside steels, in terms of industrial
importance and range of applications. This finding is consistent with previous studies by
Rajak et al. (2019), which also highlighted the widespread use of composite materials in
modern technologies since the mid-20th century. Aerospace , military applications (Ngo Tri-
Dung, 2020), transportation (Rubino et al., 2020), and infrastructure (Li F et al., 2019) are
some of the industries where composites are extensively employed. The development of
composites involves blending different materials or components to modify their properties
and enhance their capabilities, as commonly practiced in the engineering industry.

As mentioned by Ngo Tri-Dung (2020), a composite consists of three main components:
the matrix, which acts as the continuous phase; the reinforcements, such as fibers, serving
as the discontinuous or dispersed phase; and the interface, known as the fine interphase
region. David et al. (2020) pointed out that composites possess characteristic performance
traits that their individual components cannot achieve on their own. This enables the creation
of lightweight designs with high stiffness and strength. Based on this rationale, the present
research focuses on developing biodegradable composite materials as alternatives to non-
biodegradable synthetic composites, supported by the works of Malviya et al. (2020) and

Sanjay et al. (2018).



In another study, Raju et al. (2021) identified several factors influencing the development

of composites, including the availability of matrix types, variety of fibers, selection of

reinforcing fibers, fiber processing methods, cost of processing fibers, mechanical properties

of the fibers, and procurement costs. Various surface treatments for natural fibers have been

employed to enhance interfacial adhesion with the matrices and improve their mechanical

properties. Rajak et al. (2019) categorized composite materials primarily into natural fibers

and synthetic fibers, and the combination of these fibers with a matrix material yields hybrid

composites with enhanced mechanical properties. Table 2.1 provides an overview of

manufacturing techniques and applications of specific fibers with their respective matrix

materials.

Table 2.1 Manufacturing techniques and applications of some fibres with their matrix
materials (Rajak et al., 2019)

Material Used Applications Manufacturing Technique
Fiber Matrix/ Binder
Reinforcement Material
Carbon Polypropylene(PP), Lightweight automotive Injection moulding, filament
metals, ceramics, products, fuel cells, winding, resin transfer moulding
epoxy resin, Polyether satellite components, (RTM).
ether ketone (PEEK). armour, Sports.
Graphene Polystyrene (PS), Wind turbines, Gas tanks, Chemical vapor deposition
epoxy, Polyaniline aircraft/automotive parts. (CVD), pultrusion, hand/spray
(PANI). up method.
Sisal PP, PS, epoxy resin. Automobile body parts, Han lay-up, compression
roofing sheets. moulding.
Hemp Polyethylene (PE), Furniture, automotive. RTM, compression moulding.
PP, Polyurethane(PU).
Kenaf Polylactic acid(PLA), Tooling, bearings, Compression moulding,

PP, epoxy resin.

automotive parts.

pultrusion.




Flax

Ramie

Rice Husk

Jute

Coir

PP, polyester, epoxy.

PP, Polyolefin, PLA

PU, PE

Polyester, PP

PP, epoxy resin, PE

Structural, textile.

Bulletproof vests, socket,

prosthesis, civil.

Window/door frames,
automotive structure.
Ropes, roofing, door

panels.

Automobile structural
components, building
boards, roofing sheets,

insulation boards.

Compression moulding, RTM,
spray/ hand lay-up, vacuum
infusion.

Extrusion with injection

moulding.

Compression/ injection
moulding
Hand-lay-up, compression/

injection moulding.

Extrusion, injection moulding.

2.1.1 Natural fibre composites

The recent advancements in composites have amplified the demand for natural fibers

and their role in mitigating acoustic disruptions. Dong (2018) research findings further

highlight the favorable properties of natural fibers, such as their lightweight nature,

affordability, and abundance in terms of raw materials. In 2020, Malviya et al. emphasized

that reducing the reliance on fossil-based resources, particularly petroleum, can address

environmental concerns. The utilization of green composites also offers substantial benefits,

including a significant reduction in non-renewable energy consumption and the emission of

carbon dioxide (CO2), sulphur dioxide (SO2), nitrogen oxide (NOx), and carbon monoxide

(CO).




Natural fibers can generally be categorized into three groups: plant fibers, mineral fibers,
and animal fibers. Kurinjimalar et al. (2021) noted that plant fibers, also known as cellulose-
based fibers, encompass important varieties such as cotton, flax, and hemp. Animal fibers,
which are protein-based, include wool, mohair, and silk. Figure 2.1 provides a visual

representation of several natural fibers.

Figure 2.1 Figure 2.1 Natural fibre (a) kenaf, (b) sisal, (c) coir, (d) wool, (e) jute, (f) hemp
(Rajak et al., 2019)

In a study by Sahu et al. (2020), it was demonstrated that natural fibers offer
significant advantages in terms of the development of cost-effective and environmentally
friendly sustainable products. Researchers are actively exploring ways to minimize the
consumption of synthetic fibers, also known as man-made fibers. However, according to de
Azevedo et al. (2021), the usage of natural fibers also presents certain drawbacks, such as
the lack of uniform properties. This variability in properties is primarily attributed to the
composition of their constituents, including cellulose, hemicellulose, and lignin. Table 2.2

shows the advantages and disadvantages of natural fibres.
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Table 2.2 Advantages and disadvantages of natural fibres (Asyraf et al., 2022)

Advantages Disadvantages
Lightweight Flammable
Recyclable Dimensional instability

Improved specific mechanical

properties

High moisture absorption

Eco-friendly, carbon dioxide

neutrality

Anisotropic behaviour

Doesn’t generate any harmful
gasses during processing and low
energy requirements during the

Natural fibres !
production

Limited processing temperature (-

200-230°C)

Good thermal properties

Sensitive to ultraviolet (UV)

Good acoustic properties

Fungal attack and microbial attack

Low cost, availability, renewable

resources, disposal by composting

Low strength than synthetic fibres

especially impact strength

Non-abrasive and great formability

Variable quality, influenced by

weather

No dermal issue for handling

Low durability

Safer crash behaviour in test

Poor fibre/ matrix adhesion

2.1.2 Classification of natural fibre composite

Generally, this study highlighted on plant fibres. Non-wood fibres for example like

hemp, kenaf, flax and sisal have gained a mass production in the design of bio-composites
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in engineering materials and it is supported by Noryani et al. (2018). Figure 2.2 demonstrated
the classification of natural fibres which can be categorized to animal based, plant based and

mineral based.
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Figure 2.2 Classification of Natural Fibres (Noryani et al., 2018)

In recent years, Natural Fibers Reinforced Composites (NFRCs) referred to the
component that is made from natural fibres composites and they have been applied in various
sectors. While NFRCs are gaining a lot of attention in terms of business and also academia,
Dhakal et al. (2021) indicated that the manufacture and use of NFRCs will improve the long-

term viability of material manufacturing.
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2.2 Kenaf

As noted by Lim (2018), Kenaf, scientifically known as Hibiscus Cannabinus L.,
belongs to the Malvaceae family and shares similarities with cotton. Its stem comprises 65%
inner core fiber and 35% outer bast fiber, which can be used to produce both low and high-
quality pulp. Karim et al. (2020) have reported that Kenaf cultivation is widespread across
more than 20 countries, with significant growth seen in China, India, and Thailand.
According to Shahar et al. (2019), Kenaf can reach heights of up to 6 meters within 6 to 8
months of planting, and it has the potential to yield around six to ten tonnes of dry fiber
annually. This makes Kenaf a viable substitute for other composite materials available in the

market. The life cycle of a polymer composite is depicted in Figure 2.3.

Production
j
Intermediate \‘ — }
product fibre Final Product
mats,fleece eco-composite
etc.
—
A
Processing ’
Fibre
extraction and Compose bio
seperation waste
Natural
\ decomposition
Renewable /) (CO2 and H20)
resources fibre
crops

Figure 2.3 Life Cycle of Polymer Composite (Arjmandi et al., 2021)

According to Arjmandi et al. (2021), Kenaf processing is very environmental friendly

which leads to a better working condition at the same time reducing the risk of dermal and
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respiratory problem comparing to synthetic fibres. Figure 2.4 is a depiction of Kenaf plant

itself.

Figure 2.4 Kenaf plant ( Afzal et al., 2022)

A few studies has been carried on and they found out that Kenaf itself composed of
diverse types of useful component for example like stalk, leaves and seeds with a variety
kind of useful portions like fibres, fibre strands, proteins, oils, and allelopathic chemicals
Giwa et al. (2019). The research study by Al-Mamun et al. (2023) stated that Kenaf can grow
in areas with a relative humidity ratio of 68 to 82% along with the temperature that has a
range in between 22.6 to 30.3°C. In Malaysia, kenaf is still new and is still in development
when it comes to the cultivation and processing the kenaf’s plant itself. That is a government
initiative to make a diversity from tobacco production about 10 years ago by establishing the

National Kenaf and Tobacco Board. However, it was greatly inspired by the Malaysians.

2.2.1 Introduction to Kenaf Fibre and Kenaf Core

Many researches have been characterising kenaf fibre and its composite in recent

years. Radzuan et al. (2020) claim that the extruded, moulded, and non-woven products
14



made from kenaf bast fibre have good flexural strength and good tensile strength. According
to Arjmandi et al. (2021), cellulose, hemicellulose, lignin, waxes, and a few water-soluble
chemicals make up the majority of plant fibres, with cellulose, hemicellulose, and lignin
serving as the main elements. According to Lim et al.,s (2018) findings, the coefficient of
variation of the kenaf fibre sample rose with increasing thickness. Table 2.3 shows the

thickness and mass of the kenaf fibre.

Table 2.3 Thickness and mass of the kenaf fibre, (Lim et al., 2018)

Thickness, ¢ (mm) 75 60 50 40 25
Mass, m (g) 6.0 4.8 4.0 3.2 2.0

Figure 2.5 shows the results of the normal incidence absorption coefficient of 75 mm,
60 mm, 50 mm, 40 mm and 25 mm thickness. Based on the results obtained, the fibre
thickness of more than 40 mm fluctuates at high frequency from 0.8 to unity. The sound
absorption performance of kenaf fibre is similar to the sound performance coefficient of

synthetic rock wool.
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Figure 2.5 : Absorption coefficient of kenaf fibre of varied thickness with constant bulk
density of 93.5 kg/m® (Lim et al. 2018)
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In 2022, Awoyera et al. published a paper in which they described kenaf core is
almost similar to fine aggregate and has a potential to replace sand. Besides, it is useful in
production of insulation board low, density particle boards, fire retardant-treated particle
boards polymer composites, thermos-acoustic applications and sound barriers Yuhazri et al,

(2020). Figure 2.6 shows a few examples of kenaf core size which are 20 mesh and 40 mesh.

(a) Core Filler- 20 mesh (b) Core Fillr- 40 mesh

(b)

Figure 2.6 Kenaf core size (a) 20 mesh, (b) 40 mesh (Radzuan et al., 2019)

According to earlier research by Shahar et al. (2019), kenaf fibres and cores are more
affordable and stronger than other natural fibres. Three distinct techniques, including hand
harvesting and retting, decorticator machines, and whole stalk harvesters, can be used to
obtain kenaf fibres. They added that the core fibre would be totally ground into powder in
order to produce kenaf powder. According to Taban et al. (2020), because it is mostly made
of carbon, hydrogen, and oxygen, kenaf can function as a porous material. We can therefore
draw the conclusion that kenaf fibre and kenaf core have the potential to absorb more noise

due to their better porosity behaviour.

2.2.2 Kenaf Fibre Structural Application

Kenaf fibre has been one of the most attractive research subjects in recent decades

due to its good qualities under tension stress conditions, as well as other exceptional
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attributes Yusuff et al. (2021). Kenaf is used as an alternative to wood in the pulp and paper
industries. This helps to prevent forest destruction, and kenaf can also be used as non-woven
mats in the automotive, textile, and fibre sectors. According to Taban et al. (2020), excessive
noise pollution has increased globally as a result of fast urbanisation and transportation
growth. As a result, effective engineering noise control methods including a wide range of
measures and techniques are essential, and employing kenaf fibres and kenaf cores in

structural applications could be beneficial.

2.2.3 Application of Kenaf in Cementatious Composite

According to Baghban and Reza (2020), researchers are continuously striving to
enhance concrete mixtures not only to improve various properties but also to minimize their
environmental impact. In line with these objectives, the utilization of additional cementitious
materials (SCMs) and fiber-reinforced concrete (FRC) has gained traction. The use of natural
fibers presents an intriguing option from a sustainability perspective, especially as fibers are
increasingly replacing steel reinforcing bars in concrete applications. Kenaf fiber, a widely
available non-wood plant fiber, exhibits a relatively high tensile strength (930 MPa), a high
Young's modulus (53 GPa), and is cost-effective, making it a favorable choice for
reinforcement in cement composites, as supported by Zhou et al. (2020). Abdalla et al.
(2022) conducted an investigation revealing that the kenaf fiber concrete exhibited a
hardness index approximately three times higher than that of the control concrete. The
microstructural analysis also demonstrated strong bonding between the concrete matrix and
kenaf fibers. Figure 2.7 showcases kenaf fiber-reinforced concrete with varying fiber

content.
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(d)
Figure 2.7 : Kenaf fibre-reinforced concrete (a) 0%, (b) 1%, (c) 1.5%, (d) 2% (Zhou et al.,
2020)

2.3 Concrete

Concrete structures are constructed using concrete, which is a mixture of cement,
water, and aggregates such as sand and gravel that hardens over time to form a strong,
durable material. Concrete is one of the most widely used building materials in the world,
thanks to its strength, durability, and versatility. Van (2018) stated that around 35 billion
tonnes of concrete and mortar are used in construction, which is twice as much as all other
industrial building materials combined, such as wood, steel, plastic, and aluminium. Similar
to the foundations of our buildings, if not the complete structures themselves, concrete is
used extensively in the construction of roads, bridges, tunnels, dams, power plants, ports,
airports, dikes and seawalls, waste- and fresh water facilities, and networks. As mentioned
by Wangler et al. (2019), when normalised by volume, concrete has a relatively low carbon
footprint compared to competing building materials; however, the enormous volume
requirements of concrete, 10 km? annually in 2011, are what have an excessively negative
impact on the environment. Therefore, one of the major potential benefits of natural fibre

concrete is the potential to lower CO? emissions through improved material efficiency and
18



increased shape efficiency. Previous research has found that concrete is a relatively robust
building material on its own. However, due to exposure to harsh environmental conditions,
loading, effects of aggressive actions, corrosion of embedded metal, frost, overload,
concrete's resistance to volume changes, abrasion/erosion, and chemical actions, concrete

infrastructure may deteriorate by Taheri (2019).

2.3.1 Structure

Concrete structures exhibit a wide range of shapes, encompassing simple slabs and
walls to intricate multi-story buildings and bridges. Common forms of concrete construction
include foundations, walls and columns, beams and slabs, and bridges. In their 2019
publication, Alexander and Beushausen discussed the durability of reinforced concrete
structures, defining it as the ability to withstand the design environment over the design life
without significant loss of serviceability or the need for major repairs. Concrete structures,
under the assumption of a service life of approximately 50 years, generally exhibit resilience
and satisfactory performance. However, according to Dasgupta (2018), regular concrete
structures may require retrofitting due to various issues such as corrosion, inadequate
detailing, bond failure, and others. Fiber-reinforced polymers (FRP) have emerged as a
relatively recent technology for retrofitting and repairing structural damage. This research
aims to examine the effectiveness of using FRP in concrete structures to enhance structural
performance in terms of strength and ductility. Structural elements including slabs, beams,
columns, and bridge culverts have been subjected to testing thus far. Preliminary findings
suggest that employing FRP for retrofitting provides a favorable alternative to conventional
methods and often presents the most cost-effective and optimal solution for structural

rehabilitation challenges.
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Ultra-high-performance concrete (UHPC) combines a novel composite construction
material with a distinct type of concrete. By carefully optimizing the packing of fine and
ultrafine particles and incorporating steel fibers, UHPC achieves a high compressive strength
and ductility. Bajaber et al. (2021) explain that this optimization results in a unique
distribution of particles at the micro size, where smaller particles fill the spaces between

larger particles. Figure 2.8 showcases examples of structures constructed using UHPC

concrete.

(a)

Figure 2.8 Structures that are made of UHPC concrete (a) Curved panels of the Louis
Vuiton Foundation Building in Paris (b) The “fishnet” fagade of the Mucem museum in
Marseille (Van, 2018)

2.3.2 Properties

As mentioned by Qasim (2018), when reinforced concrete constructions are planned,
concrete crucial properties are the physical material property. Due to changes in the types
and nature of the materials used to improve concrete technology, the proportions of the
materials and mix, test method, mixing strategy, and testing environment have a significant
impact on the concrete strength's key characteristics, especially since control specimen sizes

and shapes may vary from State to State.
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Previous research has found that the use of construction and demolition (C&D) waste
as recycled concrete aggregates (RCA) in fresh concrete (RCA concrete systems) was first
investigated as a result of the enormous volumes of structural debris that accumulated during
World War II by Jayasuriya et al. (2021). Because of its comparatively poor thermal
conductivity, concrete is an effective insulator. However, elements like the density, porosity,
and moisture content of the concrete can have an impact on its thermal properties. It also
generally weak in tension compared to compression, so reinforcement is often added to

increase its tensile strength.

2.3.3 Natural Fibre-Reinforced Concrete

According to Jirawattanasomkul et al. (2019), one way that concrete structures are
now being strengthened to enhance structural performance is by improving the strength and
stiffness of structural components. Fiber-reinforced polymers (FRPs), which are lightweight,
extremely corrosion-resistant, and simple to. install, are one of the potential approaches.
Using standard FRPs like carbon, aluminium, and glass can significantly increase a
structure's strength and ductility. The use of natural fibres to restrict concrete, such as flax
and coir fibres in reinforced concrete (CFRC) tubes, has lately been studied by a number of
researchers. They successfully show how FFRP and CFRC tubes can boost concrete's
compressive strength.

Based on Saravanan and Buvaneshwari (2018), fibre reinforced concrete is
composed of cement, water, fine and coarse aggregate, and discontinuous discrete fibres.
The natural isolated fibre known as sisal is frequently used. The leaves of the sisal plant are
used to make it. A form of concrete that uses sisal fibres is known as sisal fibre reinforced

concrete (SFRC). Sisal fibre reinforced concrete is a material that can be used to enhance
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the engineering attributes of many fundamental materials, including fracture toughness,
flexural strength, and resistance to fatigue, impact, thermal shock, and spalling.

Banana fibre reinforced concrete is a high-performance fibre reinforced concrete
with substantial tensile behaviour, according to Chandramouli et al. (2019). When compared
to unreinforced concrete, banana fibre reinforced concrete has a 34.62% higher compressive
strength after 56 days of cure. In addition, when concrete is reinforced with banana fibre, its
tensile strength progressively increases to 4% and then gradually declines when it reaches
that level. The results of the experimental tests showed that adding banana fibres to the
concrete increased its strength potential. The compressive strength of concrete is assessed
following the curing process. The results for compressive strength at 28, 56, and 90 days are
given. The strength characteristics of concrete, particularly compressive and tensile strength,

were greatly improved by the inclusion of banana fibres.

Table 2.4 Compressive strength of Banana-reinforced concrete ( Chandramouli et al.,2019)

% of banana fibre Compressive strength (N/mm3)
28 days 56 days 90 days
0 40.8 43775 4781
1 43.49 47.07 34.95
2 49.47 53.70 62.41
3 55.10 58.90 67.33
4 55.92 56.96 65.03
S 49.29 52.90 60.53
6 47.17 50.77 57.909

24 Acoustic Panel
There are many researchers try to find some alternative materials and have been

comprehensively applied in the making of acoustical panel to minimize the noise level. The
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common acoustical panels are made from synthetic fibre which commonly of glass fibre,
glass foam and other materials that can possibly be very harmful to the environment at the
same times towards the human society too by Saad and Kamal, (2012). Taban et al. (2020)
stated that passive noise reduction techniques are commonly used using sound-absorbing
materials. These porous or fibrous acoustic absorbers typically have pores, canals, cracks, or
cavities where acoustic energy is lost due to friction between air molecules and the walls and
viscous effects and converted into heat, resulting in acoustic absorption over a broad
frequency range. These acoustic panels are the ideal material for noise suppression in the
construction, building, and transportation industries since they are lightweight, affordable,
and have excellent formability.

Acoustic panels have different variety of sizes, types and colors depending on the
design requirement. These panels should be suitable for both indoor and outdoor applications
especially for area with acoustical isolation. Usually, the use of acoustic panel are mostly
found in apartments, condominiums, hotels, schools and hospitals which is required to have
a proper design in term of walls, ceilings and floors to minimise or possibly eliminate the
disruption of the sound’s transmission as stated by Tinianov (2018). Figure 2.9 shows some
of the acoustic baffle examples.

According to Kishore et al. (2021), natural fibres have a porous structure that
provides excellent acoustic performance. When porous material is exposed to accidental
sound waves, the air within the pores vibrates and transforms into different energy types.
Because natural fibres are environmentally friendly, biodegradable, cost-effective, and have
no negative effects, they are referred to as green materials. Fibre geometry, such as diameter,
length, cross-section shape, and regularity, has a considerable impact on acoustic
characteristics. The impedance tube approach was used to characterise the sound absorption

measurement. Without the use of a binder, the acoustic properties of natural fibres such as
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kenaf, wood, hemp, coconut, cork, cane, mineralized wood, and cardboard are investigated

. The mineralized wood and dense kenaf have the highest airflow resistivity.

2.4.1 Synthetic Sound Absorber

According to Taiwo et al. (2019), artificial fibres like rock wool and glass wool are
frequently used as sound absorbers in the building sector. It is used in many different types
of building and construction projects, including wall and roof tiles, flooring, and partition
boards. Natural and sustainable acoustic materials are presently of attention because it was
shown that they had considerable negative environmental effects. As a result, agro-waste,
plant waste, and industrial waste were used to create natural fibres. Research is currently
being done on natural fibres such coir, pineapple, sugarcane bagasse, jute, ramie, kapok,
and others. Natural and synthetic fibres are compared in terms of several qualities in Table
2.5.

Yang et al. (2020) studied that glass fibre and mineral wool dominated the European
insulator materials industry in 2005, accounting for 60% of the market. While organic foamy
materials such as polystyrene and polyurethane, as well as other materials, account for 27%
and 13% of the market, respectively. Although glass fiber and mineral wool outperform in
terms of acoustic and thermal insulation, it cannot be overlooked that some potential human
health issues arise as a result of skin irritation and particle lay-down in the lung alveoli
caused by inhaling fibres and particles. Figure 2.9 shows some examples of synthetic sound

absorber that is use for acoustic panel that will be applied in various kind of building
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Figure 2.9 Synthetic sound absorber (a) Glass wool (b) Rock wool (Yap et al., 2021)

According to Samaei et al. (2021), porous composite materials have gained
significant traction in the building and automotive industries in recent years due to their
numerous advantages, such as favorable physio-mechanical properties, noncombustibility,
and promising thermal and acoustical properties. Sustainable composite materials are
preferred for their lightweight nature, cost-effectiveness, biodegradability, and minimal
environmental impact. Additionally, the study by Yang et al. (2020) examined the interaction
between sound waves and porous structures, highlighting the loss of energy through thermal
and viscous effects within the pores. This conversion of acoustic energy to heat energy
contributes to the overall sound attenuation. Judawisastra (2022) emphasized the current
trend in green technology, which focuses on substituting synthetic materials with natural
alternatives that offer comparable performance. For instance, corn fiber, coconut fiber, and
sugarcane fiber are now being utilized as replacements for synthetic fibers.

A comprehensive review of available literature on arenga pinnata fiber was
conducted by Yahya et al. (2017), and sound absorption coefficient data was obtained using
the impedance tube method, as conducted by Corredor et al. (2021) following the ASTM
E1050-98 standard. The findings revealed that as the sample thickness increases, the sound
absorption coefficient of arenga pinnata also increases. Figure 2.10 showcases an image of

the arenga pinnata tree.
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Figure 2.10 Arenga pinnata tree (Yahya et al., 2017)

Yang et al. (2020) highlighted that in order to prepare natural fiber sound absorbers
for commercial use, several pretreatment steps are necessary, including fiber bundle
extraction, alkaline treatment, and the fabrication of panels or nonwoven fabrics. However,
it is worth noting that natural fibers can also function as sound absorbers in their raw or
minimally processed states. Table 2.5 provides a compilation of studies examining the

acoustic properties of raw natural sound absorbers.

Table 2.5 5 A summary of raw material fibre sound absorbers (Yang et al., 2020)

Researcher Raw Material Key Findings

The acoustical qualities of hemp
particles can be anticipated depending
Glé et al. ' on particle parameters and
Hemp particle ' ' '
(2012) configuration. The particle size
distribution has a positive influence on

low-frequency sound absorption.

Raw esparto grass has comparable
Arenas et al.

Esperto grass sound absorption to typical glass fibre
(2020)

materials of equivalent thickness.
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lannace et al.

Broom branch

Smaller diameter broom branches

absorb less sound than larger diameter

(2020)
broom branches.
Bamboo that was organised transversely
Putra et al. )
Bamboo had greater sound absorption than
(2015) . .
axially oriented samples.
Tang et al. Because of its grooved structure, maize
Corn husk .
(2018) husk effectively absorbs sound.
Tang et al. ‘ The leftover green tea dregs can be used
Green tea residues ‘
(2020) as filler materials to absorb sound.

Zunaidi et al.

Sound can be successfully absorbed by

rice straw fibre.The sound absorption

etal. (2013)

Growing plants

Rice Straw
(2017) coefficient is significantly influenced by
the fibre mass and diameter.
The leaf area density and the
Horoshenkov predominant leaf orientation angle are

two essential morphological traits for

the acoustical properties.

Wong et al.
(2010)

Vertical greenery systems

When compared to other building
materials and furniture, the vertical
greenery system is one of the best sound

absorbers.

2.4.2 Acoustic Properties of Kenaf Fibre

Researches about the sound absorption of kenaf fibre has a high potential to become

the material to produce acoustic panel has been done by Lim et al. (2015). Based om the

result gained by Lim et al the larger te thickness of the kenaf fibre sample, the larger the

sound absorption coefficient will be at lower frequencies. Lim et al. applied the impedance

tube method in finding the sound absorption coefficient of the kenaf fibre samples. Figure

2.11 shows the image of a non-woven kenaf fibre.




Figure 2.11 Non-woven kenaf fibre (Yuhazri et al., 2018)

The sound absorption coefficient of kenaf fibre is shown in Table 2.6. Lim et al. (2018)
prepared the sample thickness in four distinct thicknesses, namely 10mm, 20mm, and 30mm.
The sound absorption coefficient is larger than 0.5 when the frequency of sound is greater
than 1000 Hz, and it is greater than 0.5 when the frequency is around 2000 Hz. The larger
the thickness of the kenaf fibre sample, the higher the sound absorption coefficient at low

frequencies. Table 2.6 shows the sound absorption coefficient of kenaf fibre.

Table 2.6 Sound absorption coefficient of kenaf fibre (Lim et al., 2018)

Thickness Acoustic Range («) .
Low High
(mm) Medium
10 0.2 0.5 0.62
20 0.28 0.68 0.86
30 0.4 0.98 0.96

2.4.3 Acoustic Properties of Kenaf Core Particleboar

In 2012, Saad and Kamal demonstrated that kenaf core as a particleboar in their

research. Saad and Kamal prepared particleboard to study the effect of resin loading with
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three different densities board of 350 kg/m3, 450 kg/m3 and 550 kg/m3of urea formaldehyde
resin loadings of 8%, 10% and 12 % respective;y.

This particular study found that particleboars with high kenaf fibre and UF loading
showed less sound absorption coefficient. The sample diameter were prepared in two
different diameter which is 100 mm to measure frequency range 125 Hz to 1600 Hz and 28
mm for frequency range of 1200 Hz to 6000 Hz. The result obtained from the sound
absorption coefficient with 8% and 10% UF loading show that they can become a good
sound absorber compared to a UF loading of 12%. It was found in low, medium and high
sound frequency. Saad and Kamal revealed that the lower the value of sound absorption
coefficient, the higher the frequency range depends on their specific characteristic of the
sound absorber in lower range but the sound is reflected in medium and high frequency

range. Figure 2.12 shows the kenaf core particleboard sample for sound absorption test.

Figure 2.12 Kenaf core particleboard for sound absorption test (Saad and Kamal, 2012)

2.4.4 Acoustic Characterization

Based on Tinianov (2018) the present development, a new laminar structure and it
is related to the manufacturing process revealed thar it is significant to develop both
material’s installation effectiveness and the capability of a wall, ceiling, floor or door to

reduce the sound in the spaces. Furthermore, Predka et al. (2020) stated that the acoustic
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characterization is based on the sound absoption coefficient. Predka et al., also added that
the sound absorbing material is influenced by material thickness, binder percentage, size and
nature of the reinforcement material and air gap between samples and rigid wall. If the
absorption coefficient value is close to 1, it is consider that the material has a good sound

absorption properties.

2.5  Mechanical Properties and Sound Absorbing Testing

The testing were carried out to ensure the quality control, quality assurance and
prediction of the sound performance and also the mechanical properties supported by the
result data and stimulation. The frequency test is to measure the sound absorption coefficient
of the acoustic panel by using impendance tube testing. The acoustical testing involves
measuring the sound absorption of the acoustic panel is frequency testing. Basically, there
are two basic vibration and acoustic testing can be carried out in order to establish the sound
absorption of the materials which are impendance tube testing and reverberation room
testing. The different between these two testing methods is the size of the sample. The
sample size for impendance tube. testing is smaller. compare to the sample size for
reverberation room testing.

There will be three testing that are going to be carried out to test the samples’
mechanical properties. They are compressive strength test, flexural strength test and splitting
tensile strength. For the compressive strength test, if the material does not have a lot of
mechanical response in tensional load, the compression test will be more appropriate. For
the flexural strength test, the test will use three-point flexural test to determine the flexural
properties of a material under a bending strain or deflection. For splitting tensile strength
test, it is important for a measure of a concrete's resistance to splitting or cracking under

tension. It is commonly used to evaluate the tensile strength of concrete.
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2.5.1 Compressive Strength Test

Jirawattanasomkul et al. (2019) investigated the impact of natural fibre reinforced
polymers on the restricted compressive strength of concrete. Natural Fibre Reinforced
Polymers (NFRP) composed of jute, hemp, and cotton were employed. A natural woven
fabric with densities of 1.46, 1.48, and 1.51 g/cm? for jute, hemp, and cotton, respectively.
The thickness is computed by dividing the natural fabric's density by its weight per unit area.
The weight per unit area of natural cloth is estimated using a weight scale with a precision
of 10 mg. In the meantime, a gas pyrometer is used in a laboratory to determine density,
which is defined as weight per volume. The specimens were created with epoxy resin, which
has a tensile strength of 19 MPa and an elastic modulus of 1060 MPa. The natural woven

fibre sheets are depicted in Figure 2.13.

(b)

Figure 2.13 Natural woven fibre sheets fabric (a) Jute, (b) Hemp, (c) cotton
(Jirattanasomkul e al., 2019)

For the compressive test, 63 cylinder concretes were used. comprised of nine control
concrete cylinders (CC1-CC3), each 100 mm in diameter and 200 mm in height. All concrete
cylinders were tested by Universal Testing Machine using a loading control and a loading
rate of 0.30 MPa/s until they failed, in accordance with JIS A 1108-2006. The compression

test setup is depicted in Figure 2.14.
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Figure 2.14 Compression test setup (Jirawattanasomkul et al., 2019)

The outcome shows that the confinement effect of NFRPs has a significant influence
on the ductility and compressive strength of concrete. Increasing the number of NFRP plies
leads to improved strength and ductility. Specifically, the use of Jute-, Hemp-, and Cotton-
NFRP results in a significant increase in the compressive strength of confined concrete by

approximately 42%, 25%, and 28%, respectively.

2.5.2 Three Point Flexural Testing

According to C.Zhou et al. (2020), The enhancement in flexural strength and
toughness of the high-strength cement composite due to kenaf fiber was more better
compared to the low-strength grade. For optimal flexural strength and deflection in Kenaf
Fiber-Reinforced High-Strength Cement (KFRHC), a fiber content of 1% was found to be
suitable. As the strength grade increased, the improvement in deformability of KFRHC also
escalated. Flexural testing involves subjecting a material to a bending force to assess its
resistance to deformation and breaking under such conditions. The statement about the
effectiveness of kenaf fiber reinforcement being more pronounced in high-strength cement
composites compared to low-strength grades suggests that the performance of kenaf core
may vary with the overall strength of the composite material. Flexural testing helps to
understand this relationship and its implications. Figure 2.15 shows the setup of flexural

testing upon samples.
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Figure 2.15 Flexural Testing Setup for concrete samples (C.Zhou et al., 2020)

2.5.3 Impedance Tube Testing

Impedance tube testing is performed to determine the coefficient of the kenaf core,
specifically assessing its capacity to absorb sound waves at normal incidence. The test
involved positioning a loudspeaker at one end of the impedance tube, while the testing
sample was placed at the other end. The setup of the impedance tube is illustrated in Figure
2.15. This method serves the purpose of evaluating the material's sound absorption

properties.

(a) (b)

Figure 2.16 : Impendance tube setup (a) measurement (b) BC-MPP sample setup (Chin et
al., 2018)

The frequency range utilized in the impedance tube testing spans from 1 Hz to 5000
Hz. The equipment employed includes an audio generator, microphone, impedance tube,
loudspeaker, and oscilloscope to measure the sound absorption coefficient. The loudspeaker

generates various types of sound waves such as broadband, stationary random, and sound
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waves. Within the tube, sound waves propagate and interact between the sample and the
sound source, resulting in patterns of standing waves displayed on the computer screen. The
acoustic absorption coefficient, which depends on the frequency range, represents the ratio
of absorbed acoustic energy to incident acoustic energy.

Yahya et al. (2017) conducted a study on the sound absorption properties of several
widely available natural fibers in ASEAN nations, including kenaf, ijuk, palm oil frond, and
coconut coir. Test samples for the sound absorption coefficient were constructed using
natural latex rubber as a binder and a 60:40 ratio of latex rubber to the mentioned natural
fibers as raw materials. Previous studies acknowledged the use of polypropylene and urea
formaldehyde as reinforcing agents, which possess chemical properties. The sample sizes
were determined based on the diameter of the impedance tube according to ASTM E1050-
09, while their thickness was standardized at 50 mm, aligning with the industry standard for
acoustic synthetic panels. The frequency band between 1000 and 5000 Hz exhibited optimal
acoustic performance, with an average absorption value of 0.8.

The sound absorption coefficient is frequency-dependent, as depicted in Figure 2.16
The absorption coefficient value for the kenaf sample with 0% NR (natural rubber) increased
in the low-frequency range, reaching approximately 0.84, decreased slightly in the mid-
range frequencies, and gradually increased again at high frequencies, peaking at an
absorption coefficient of 0.91 at 3750 Hz. The 0% NR kenaf sample, which solely consisted
of fibers, exhibited a significant presence of porous material, making it ideal for absorber
panels. Similar findings were observed for the [juk 0% NR sample in Figure 2.22. On the
other hand, samples with 20%, 30%, and 40% NR content displayed consistent patterns.
These samples exhibited a substantial increase in absorption coefficient values at low
frequencies, surpassing 0.9, followed by a sharp decrease in the mid-range frequencies to

values between 0.7 and 0.6, and a subsequent progressive increase at high frequencies.
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Figure 2.17 Absorption coefficient (a) Ijuk absorption coefficient (b) Kenaf absorption
coefficient (Yahya et al., 2017)

2.6  Summary

As for the summary, many interesting information was found from previous research
related to the kenaf core and kenaf fibre. The findings from this literature review include
theoretical aspect had been done in the knowledge of kenaf core, kenaf fibre, natural fibres,
concrete composites, acoustic properties of natural fibres and its mechanical properties of
the kenaf fibre. All the related information and knowledge gathered in this chapter which is
related to this research have been summarized including theory aspect as the guidelines and
references.

In recent times, various materials have been employed in manufacturing for their
acoustic properties. However, in light of environmental concerns, researchers have
undertaken studies to explore natural materials as alternatives for acoustic panels. Kumar et
al. (2022) highlighted several advantages of these natural materials, including their lower
cost, sustainability, ease of production, favorable mechanical properties, and, notably, their
eco-friendliness. The primary objective of utilizing natural fiber reinforced composites in
industries is to achieve weight reduction and cost reduction. Multiple studies have
demonstrated that the adoption of natural fiber composites can lead to approximately a 20%

decrease in costs and a 30% reduction in weight.
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Furthermore, natural fibres come from either plants,animals, or other natural
resources. The highest demand natural fibres nowadays are from kenaf plant that consist of
kenaf fibres and kenaf cores. According to previous journals, kenaf core have been a great
potential of mechanical and chemical properties to replace other materials in the future in
the application of new technologies. Table 2.7 summarized of previous research finding in
the reported work on the application of kenaf core. Also, Harmaen et al. (2020) stated that
density of kenaf core is higher and the absorption of the particles performed well than other
materials thus kenaf core is one of the materials that have the potential to be used as the
acoustical materials.

In addition, concrete has been studied by many researchers as a matrix component of
kenaf core as a reinforcement in composites. When mixed with water, sand and cement,
often known, as concrete, plays a critical role in the construction industry, particularly in
structural engineering and mortars. It was also discovered that building structures made of
cement or concrete have a lifespan of up to 100 years. Despite the fact that numerous studies
on the acoustical properties of natural fibres have been conducted, it was discovered that few
research on acoustical properties employing kenaf core reinforcement and concrete
composite had been conducted. As a result, the focus of this research will be on the

development anad analysis of an acoustic panel made of kenaf core and concrete.

Table 2.7 Reported work on the application of kenaf

Matrix ~ Reinforce Findings References

A used of suitable length are crucial because

Concrete  Steel fibre short fibre tends to produce poor result of (Zhou, 2021)

strength.
Kenaf  Kenaf fibre yielded improved mechanical (Onuwe et al.,
Cement
fibre strength of the cement- based composites 2018)
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Carbon fibre does not produce a great result

. Carbon
Clay soil b in strength because the contact area between  (Bao et al., 2021)
ibre
the fibre and the clay is not enough
The use of the appropriate length and
Kenaf  content of KF improves the tensile and (Abbas et al.,
Cement
fibre flexural strengths of cementitious 2022)
composites
The more fibre is used, the material ductility . .
Kenaf . . . ~_ (Esmaeilpourshirva
Clay will more likely to be increase and in this
fibre ni et al., 2019)

study the inclusion of reinforce

HDPE  Kenaf core

The mechanical properties of 60/40
kenaf/HDPE mixture was improved with the

pre-treatments of core particles.

(Li et al., 2020)

The improvement of mechanical properties

Bast will increase the life services of the boards as  (Anyanywu et al.,
Kenaf core
fibre the kenaf core and bast fibre have great 2019)
potential.
Kenaf Fibre can be used as a dispersing phase for = (Anyanwu et al.,
core brake pad composites. 2019)
Polythele Addition of kenaf core, the tensile strength - (Sarifuddin et al.,
Kenaf core
ne and modulus of the low density improved. 2013)
PP/KF/APP/WF system had stable residual .
Polyprop o (Subasinghe et al.,
Wool fibre char at elevated temeperatures, significantly
ylane . . _ 2018)
improving fire protection.
Resistance of carbon fibre to high
Kenaf (Aisyah et al.,
Carbon temperature  and  better  fibre-matrix
fibre o 2019)
compatibility.
Pulverise ' '
d fuel Kenaf PFA cement that improves concrete to dense (Azzmi et al.,
ue
" fibre compared to normal concrete 2021)
as
Kenaf Kenaf core fibre able to absorb more oil (Mustaffa et
Glycerol
core molecules compared to cassava starch al.,2018)
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_ Dry-distillation surface modification appears
Kenaf  Polylactid . . . . (Kawahara et al.,
to be successful for improving the interfacial
core e ' ' o 2017)
interaction and compatibility.

Polyuret )
Freely expanding foams lead to poor
hene Kenaf core . (Nar et al., 2015)
reinforcement when mixed.

foams
Polyuret ' _ . .
N Kenaf Kenaf core particles occupying the space in (Batouli et al.,
ene
fibre the PU that was previously occupied by air. 2014)
foams

According to Clyne et al. (2019), composites have become one of the most significant
and versatile classes of engineering materials, alongside steels, in terms of industrial
importance and range of applications. This finding is consistent with previous studies by
Rajak et al. (2019), which also highlighted the widespread use of composite materials in
modern technologies since the mid-20th century. Aerospace (et al., 2019), military
applications (Ngo Tri-Dung, 2020), transportation (Rubino et al., 2020), and infrastructure
(L1, 2019) are some of the industries where composites are extensively employed. The
development of composites involves blending different materials or components to modify
their properties and enhance their capabilities, as commonly practiced in the engineering

industry.

As mentioned by Ngo Tri-Dung (2020), a composite consists of three main components:
the matrix, which acts as the continuous phase; the reinforcements, such as fibers, serving
as the discontinuous or dispersed phase; and the interface, known as the fine interphase
region. David et al. (2020) pointed out that composites possess characteristic performance
traits that their individual components cannot achieve on their own. This enables the creation

of lightweight designs with high stiffness and strength. Based on this rationale, the present
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research focuses on developing biodegradable composite materials as alternatives to non-
biodegradable synthetic composites, supported by the works of Malviya et al. (2020) and

Sanjay et al. (2018).

In another study, Raju et al. (2021) identified several factors influencing the development
of composites, including the availability of matrix types, variety of fibers, selection of
reinforcing fibers, fiber processing methods, cost of processing fibers, mechanical properties
of the fibers, and procurement costs. Various surface treatments for natural fibers have been
employed to enhance interfacial adhesion with the matrices and improve their mechanical
properties. Rajak et al. (2019) categorized composite materials primarily into natural fibers
and synthetic fibers, and the combination of these fibers with a matrix material yields hybrid
composites with enhanced mechanical properties. Table 2.1 provides an overview of
manufacturing techniques and applications of specific fibers with their respective matrix

materials.

Table 2.8 Manufacturing techniques and applications of some fibres with their matrix
materials (Rajak et al. 2019)

Material Used Applications Manufacturing Technique
Fiber Matrix/ Binder
Reinforcement Material
Carbon Polypropylene(PP), Lightweight automotive Injection moulding, filament
metals, ceramics, products, fuel cells, winding, resin transfer moulding
epoxy resin, Polyether satellite components, (RTM).
ether ketone (PEEK). armour, Sports.
Graphene Polystyrene (PS), Wind turbines, Gas tanks, Chemical vapor deposition

epoxy, Polyaniline aircraft/automotive parts. (CVD), pultrusion, hand/spray

(PANI). up method.
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Sisal

Hemp

Kenaf

Flax

Ramie

Rice Husk

Jute

Coir

PP, PS, epoxy resin.

Polyethylene (PE),

PP, Polyurethane(PU).

Polylactic acid(PLA),

PP, epoxy resin.

PP, polyester, epoxy.

PP, Polyolefin, PLA

PU, PE

Polyester, PP

PP, epoxy resin, PE

Automobile body parts,
roofing sheets.

Furniture, automotive.

Tooling, bearings,

automotive parts.

Structural, textile.

Bulletproof vests, socket,

prosthesis, civil.

Window/door frames,
automotive structure.
Ropes, roofing, door

panels.

Automobile structural
components, building
boards, roofing sheets,

insulation boards.

Han lay-up, compression
moulding.

RTM, compression moulding.

Compression moulding,

pultrusion.

Compression moulding, RTM,
spray/ hand lay-up, vacuum
infusion.

Extrusion with injection

moulding.

Compression/ injection
moulding
Hand-lay-up, compression/

injection moulding.

Extrusion, injection moulding.

2.6.1 Natural fibre composites

The recent advancements in composites have amplified the demand for natural fibers

and their role in mitigating acoustic disruptions. Dong's (2018) research findings further

highlight the favorable properties of natural fibers, such as their lightweight nature,

affordability, and abundance in terms of raw materials. In 2020, Malviya et al. emphasized

that reducing the reliance on fossil-based resources, particularly petroleum, can address

environmental concerns. The utilization of green composites also offers substantial benefits,

including a significant reduction in non-renewable energy consumption and the emission of
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carbon dioxide (CO2), sulphur dioxide (SO2), nitrogen oxide (NOx), and carbon monoxide

(CO).

Natural fibers can generally be categorized into three groups: plant fibers, mineral fibers,
and animal fibers. Kurinijimalar et al. (2021) noted that plant fibers, also known as cellulose-
based fibers, encompass important varieties such as cotton, flax, and hemp. Animal fibers,
which are protein-based, include wool, mohair, and silk. Figure 2.1 provides a visual

representation of several natural fibers.

Figure 2.18 Figure 2.1 Natural fibre (a) kenaf'; (b) sisal ; (¢) coir ; (d) wool ; (e) jute ; (f)
hemp (Rajak et al., 2019)

In a study by Sahu et al. (2020), it was demonstrated that natural fibers offer
significant advantages in terms of the development of cost-effective and environmentally
friendly sustainable products. Researchers are actively exploring ways to minimize the
consumption of synthetic fibers, also known as man-made fibers. However, according to de

Azevedo et al. (2021), the usage of natural fibers also presents certain drawbacks, such as
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the lack of uniform properties. This variability in properties is primarily attributed to the

composition of their constituents, including cellulose, hemicellulose, and lignin. Table 2.2

depicts the advantages and disadvantages of natural fibres.

Table 2.9 Advantages and disadvantages of natural fibres (Asyraf et al. 2022)

Advantages Disadvantages
Lightweight Flammable
Recyclable Dimensional instability

Improved specific mechanical

properties

High moisture absorption

Eco-friendly, carbon dioxide

neutrality

Anisotropic behaviour

Doesn’t generate any harmful
gasses during processing and low
energy requirements during the

Natural fibres -
production

Limited processing temperature (-

200 -230°C)

Good thermal properties

Sensitive to ultraviolet (UV)

Good acoustic properties

Fungal attack and microbial attack

Low cost, availability, renewable

resources, disposal by composting

Low strength than synthetic fibres

especially impact strength

Non-abrasive and great formability

Variable quality, influenced by

weather

No dermal issue for handling

Low durability

Safer crash behaviour in test

Poor fibre/ matrix adhesion
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2.6.2 Classification of natural fibre composite

Generally, this study highlighted on plant fibres. Non-wood fibres for example like
hemp, kenaf, flax and sisal have gained a mass production in the design of bio-composites
in engineering materials and it is supported by Noryani et al. (2018). Figure 2.2 below
demonstrated the classification of natural fibres which can be categorized to animal based,

plant based and mineral based.

| 7 Natural |
¥ ¥
I Organic Fibre I | Inorganic Fibre I
Animal Mineral
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Figure 2.19 Classification of Natural Fibres (Noryani et al. 2018)
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In recent years, Natural Fibers Reinforced Composites (NFRCs) referred to the
component that is made from natural fibres composites and they have been applied in various
sectors. While NFRCs are gaining a lot of attention in terms of business and also academia,
Syduzzaman et al. (2020) indicated that the manufacture and use of NFRCs will improve the

long-term viability of material manufacturing.
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CHAPTER 3

METHODOLOGY

METHODOLOGY

3.1 Overview of Methodology

The flowchart of overall process in this research is depicted in Figure 3.1. This
research began with the preparation of raw material which are kenaf core, kenaf fibre and
concrete that will be mix with different size of composition for each sample. After the
preparation, moulding and curing technique are carried out. Moulding is a technique to
produce samples of acoustic panel with the dimension of 34.5 mm x 20 mm which allow the
sample to be dried on ASTM standard. If the quality of the sample is good, it will proceed
with the testing but if the quality is not good, new sample need to be prepared. When the
samples are ready, the samples were tested to observe the new mechanical properties of the
acoustic panel by compression test, flexural and of acoustical properties testing, the tests is

impendance tube testing.
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Figure 3.1 Flowchart of methodology
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3.2 Raw Material Preparation

The preparation of raw material s very important and crucial step to produce the best
quality product. The aim of this research is to prepare the appropriate amount of various
ratios of kenaf core, kenaf fibre, foam, cement and concrete. There are two types of material
which are kenaf core, foam and pure cement used as reinforcement while concrete was used
as the matrix material. The details specifications and characteristics of each raw material will
be explained more further in this research. The dimension and quantity of the materials are
measured accurately according to the requirements. The method of the fabrication process

used is based on the previous study and it is suggested in this research

3.2.1 Kenaf core as reinforcement material

In this study, kenaf core (KC) is used as the reinforcing material. The properties of
the KC are indicated in the Table 3.2. There are five types of KC will be used which are 10
mm, 20 mm, core chip 30 mm, 20 mesh and 40 mesh in size shown in Figure 3.3. Different
size of KC being used to determine which size of KC will have the best acoustical properties
and produces the best result when mixing with concrete in the production of the acoustical
panel. This is because size of KC will influence the interfacial bonding of the composites
when contact with the surface area to the concrete. The details price of each size of KC were

provided in Table 3.3 and the KC was obtained from LTKN.

Table 3.1 The properties of kenaf core

Density, g/cm3 | Tensile Strength, MPa
0.09-0.11 20 - 230
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Figure 3.2 Size of kenaf core, (a) 30 mm (b) 20 mm (c) 10 mm (d) 40 mesh (e) 20 mesh

Table 3.2 Price of kenaf core based on mesh size

Mesh size Quantity (kg) Price (RM)
40 mesh 10.0 12.00
20 mesh 10.0 9.00
30 mm — Core chip 10.0 3.50
20 mm 10.0 4.00
10 mm 10.0 4.50
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3.2.2 Foam as reinforcement material

Foam can serve as a reinforcement material in concrete, contributing to the
development of lightweight or foam concrete. This application offers several advantages,
including a reduction in overall density, making the concrete lighter and suitable for
situations where weight is a critical factor. Additionally, the incorporation of foam enhances
thermal insulation properties, making it useful in construction scenarios where temperature
control is crucial, such as in walls or roofs. The use of foam also improves workability,
making the concrete mix more manageable, especially in projects with intricate shapes or
molds. Foam can contribute to a decrease in shrinkage, reducing the likelihood of cracks and
enhancing the overall durability of the structure. Furthermore, foam in concrete can improve
sound insulation properties, making it beneficial in settings where noise reduction is a
priority. It's essential to carefully consider the type of foam, its density, and the mixing
proportions to achieve the desired properties in foam concrete, while acknowledging
potential drawbacks such as reduced compressive strength compared to traditional concrete.
Ultimately, the decision to use foam as a reinforcement material should align with the

specific requirements and constraints of the project.

Figure 3.3 Foam beads
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Table 3.3 The properties of foam beads

Density, g/cm3

Tensile Strength, MPa

0.008 - 0.048 g/cm?

1-2 MPa

3.2.3 Cement as matrix material

Cement is the matrix building used in this study as stated previously cement is the
matrix material used in this study as stated before. Cement is a material that used in building
structures and construction due to its high strength and have longer lifetime to damage. The
production of cement is having higher demand in many applications as it easy to be produce.
Cement is dense and a rigid material that tends to reflect sound rather than absorb it. When
sound waves hit a cement surface, they bounce off and create echoes or reverberation.
However, by installing acoustic panels, like kenaf core, it can reduce the echoes and
improving the overall acoustic quality of the space. In this study, cement in Figure 3.4 was

purchased from Apple Hardware Sdn. Bhd. with a cost of RM 19.00 per bag which have a

mass of 50 kg per bag. Table 3.4 indicates the properties of the cement.
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Figure 3.4 A bag of 50 kg cement

Table 3.4 Properties of cement

Material Portland cement
Density,p 2240 — 2400 kg/m?
Compressive strength 20 — 40 Mpa
Tensile strength, ¢ 2 -5 Mpa
Drying shrinkage 4-8 X 10-4
Shear strength,t 6-17 Mpa
Specific heat, c 0.75 kj/kg. K

33 Preparation of Mould

In this study, the mould for acoustical and mechanical panel had been fabricate using
3D printing machine and the filament that has been used is the Polylactic acid or polylactide

(PLA) plastic. For the acoustical panel, the dimension for the mold is 50 mm x 50 mm and
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the size is to ensure the sample for the testing is sufficient and to get the accurate results by

4 to 6 times testing by using impedance tube as shown in Figure 3.6.

YL 10men

Figure 3.5 Dimension of mould size for the composite cylindrical samples

For the mechanical panels in flexural test, the dimension of the mould is 140 mm x

140 mm as shown in figure 3.7

[} . & 5 4 3

CUB 10mm
) 7 v 5 7

Figure 3.6 Dimension of mould size for the composite cube samples
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3.4  Fabrication Process
In this fabrication process, there are three main processes had been involved which
is 3D printing process, curing process and cutting process. The details of fabrication process

of composite acoustic panel and mechanical panel will be mentioned in subsequent sections

3.4.1 3D printing machine

In order to prepare the acoustical panels and mechanical panels, we need to prepare
the mould with a 3D printing machine. The material used to make the mould is PLA plastics.
The 3D printing brand is UP PLUS 3D printer model with 110 —220 VAC, 50 — 60 Hz, 220
W with a dimension of 245 mm width x 260 mm depth x 350 mm height at the Rapid
Prototype Lab in UTeM. Figure 3.8 shows the 3D printing machine model and once the

mould has been made.

Figure 3.7 UP PLUS 2 3D printer

3.5 Preparation of the Composition

Before the fabrication process of the acoustic panel, the mould should be clean from the
contaminant particles and dust. Then, the mould surface was covered by PVC plastic to
easily remove from the mould. Next, silicone mould release was applied on PVC plastic
surface to easily remove and good surface finishing in order to prevent the sample from

sticking at the mould. The kenaf core and foam is weigh by 300g placed in a mixing plastic
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container. As for the pure cement sample, 400g cement is needed. In this study, the concrete
(C), will be prepared by mixing with water. Water is a major component of concrete and one
of the most common types of water used in the manufacture of cement is tap water. The
presence of water will cause the cement to hydrate. Also, the cement compound chemically
combines with water to form new compound serves as the hardened cement’s infrastructure
by using standard grade of concrete M 25 that are 1:3. The mix proportion for C was 1: 3
(cement : kenaf/foam) a. The size of kenaf core will be different in each sample and it will

be stated in Table 3.5.

Table 3.5 Samples of kenaf core and concrete

Sample P 2 3 4 5 6 7
3 20 10
C @ C C & C v C |Foam | C | C
mm mm mm
Ratio mesh mesh
W% KC KC KC KC KC
25 75 |25 25 [ 25| 75 |25 75 |25 75 |25 75 |25]|75

The kenaf core and cement were evenly using one hand so that the mixture is well
mixed before it was poured into cylindrical and cube mould. The size of the kenaf core used
in each sample is different for each sample because the purpose of this experiment is to
determine the best size of kenaf core that can be used for the acoustic panel and the one
which have best mechanical properties at the same time we would mix the cement with foam
and the last sample is not mix with anything but purely cement. Therefore, the preparation
of the composition started with the sample ratio of 1:3 (C: KC) of 3 mm core, 1:3 (C : KC)
of 20 mm core, 1:3 (C : KC) of 10 mm core, 1:3 (C : KC) 20 mesh core, 1:3 (C : KC) 40
mesh core, 1:3 (C :F) foam and 1:3 (C : C) pure cement mixture. Figure 3.9 shows the

mixture of samples being poured into the mould.
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Figure 3.8 The mixtures of sample in mould

3.6  Curing Process

Curing process for concrete is the process of maintaining the moisture and
temperature conditions of concrete for the hydration reaction to continue and help concrete
to develop hardened properties over time. This process helps concrete to harden and bond
with reinforcement material which is kenaf core while helps to prevent damages of vibration
and impact to the bond of concrete and kenaf core. Based on ASTM standard for maturity
of the concrete, curing process is carried out by submerged the harden samples into the water
for about 28 days until reach the maturity and stimulate optimum strength. The samples then
will be examined to check the quality of the samples. Figure 3.10 shows the samples being

soaked in the water during the process.
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Figure 3.9 Figure 3.10 Samples being soaked in water
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3.7 Cutting Process

For cube samples that wil be used in flexural testing, the cement needs to be cut into 5 parts
with a hand grinder. A Bosch hand grinder with 670 W input power is used to cut the concrete
cube and to ensure a good surface finishing, sandpapers were used to smooth up the edge of

the samples and Figure 3.11 will show the hand grinder that has been used.

Figure 3.10 Bosch GWS 060 Professional Angle Grinder
3.8 Testing

There is only two mechanical testing that will be used to carry out on the samples in this
research which is the compression test and flexural test and for sound testing is the
impendence tube testing. All the testing will be performed based on requirements of ASTM
standard. The objective of these mechanical testing is to determine the mechanical and
acoustic properties of the samples. Table 3.6 shows the ASTM standards for each type of
test.

Table 3.6 ASTM standard for mechanical and sound testing

Testing ASTM Standard
Compression Test ASTM 109
Impendance Tube Testing ASTM E1050-09
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Flexural Test ASTM D790

3.8.1 Compression Test

If the material does not have a lot of mechanical response in tensional load,
compression test would be the accurate test since it will represent the material’s properties
better. Compression test is used to determine the behaviour of a material by crushing load
and is typically performed by applying compressive pressue to a test specimen using Matest
1500 kN compression machine. The specimen will be subjected to compression load under
the ASTM 109 standard test mehod to analyze the qualities such as compressive strength,
yield strength and elastic limit as illustrate in Figure 3.10. Five samples will be tested and

the average result will be recorded

Specimen

Figure 3.11 Standard of compression testing setup

3.8.2 Flexural test

Flexural testing, also known as bending or transverse testing, is a mechanical test
method used to evaluate the behavior of a material subjected to bending loads. The test
provides information about the material's flexural strength, modulus of elasticity, and other
mechanical properties related to its ability to withstand bending stresses. This type of testing

is particularly important for materials used in structural applications where they may
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experience bending forces during use. In this study, the three bending flexural test has been
used. The sample dimension is 100 mm x 20 mm x 10 /20/30/40/50mm. This test is based
on standard ASTM D790 and this test will be carried ou in Material Testing Lab, UTeM
Melaka as shown in Figure 3.13.

When experimenting, The load is applied gradually until the specimen deforms or
fractures. The applied load and the corresponding deflection of the specimen are recorded.
The recorded data is used to generate stress-strain curves, which provide insights into the
material's behavior under bending. The results help assess the material's suitability for

specific applications, especially in structural design where bending forces are common.

Figure 3.12 Standard of flexural testing setup

3.8.3 Impendence tube test

The impendance tube method is used to obtain a sound absorption coefficient (a)
based on standard ASTM E1050-09. The sample thickness in the impendence tube is 10 mm,
20 mm, 30 mm 40 mm and 50 mm The frequency range used for impendance tube testing is

from 1 Hz to 5000 Hz. The tesing will be carried out with no air gap, 10 mm air gap, 20 mm
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air gap and 30 mm air gap. The impendance tube testing is available in Acoustic and
Vibration Laboratory, UTeM, Melaka, shown in Figure 3.11.

When experimenting, the first step is to calibrate the impendance tube testing to ensure that
the device works properly and prevents errors during the test. Besides, calibration is
necessary to ensure that the results are accurate after the test is done and ensure that it is safe
to use before testing. A total of five specimens for each sample with dimension of 34.5 mm
in diameter and constant thickness of 10 mm. The specimens repeated at least five times to

obtain accurate and reliable test data.

Figure 3.13 Impendance Tube Testing

3.9 Scanning Electron Microscope (SEM)

Scanning electron microscope (SEM) is a common instrument used only to examine
the sample’s morphological surface fracture of the kenaf core interface after sound testing.
It uses a high beam of electrons to generate the signal to the surface of the sample to be
observed. The sample fracture surface is cut out and fixed on the carbon tape-covered stub.
During the observation, a gold coated vacuum (Auto Fined JEOL-JFC1600) is coated
prevent the loading effect. Electrostatic charging during the test ad at the accelerating voltage
of 10.0 kV shall be prevented for each sample. The surface failure will be observed and

examined using SEM. Using SEM, the surface fracture of the kenaf core composite was

59



observed through the image of surface features. Figure 3.12 shows and electron scanning

microscope.

Figure 3.14 Scanning electron microscope (SEM)

The flowchart of overall process in this research is depicted in Figure 3.1. This
research began with the preparation of raw material which are kenaf core, kenaf fibre and
concrete that will be mix with different size of composition for each sample. After the
preparation, moulding and curing technique are carried out. Moulding is a technique to
produce samples of acoustic panel with the dimension of 34.5mm x 20 mm which allow the
sample to be dried on ASTM standard. If the quality of the sample is good, it will proceed
with the testing but if the quality is not good, new sample need to be prepared. When the
samples are ready, the samples were tested to observe the new mechanical properties of the
acoustic panel by compression test and of acoustical properties testing, the tests are

impendance tube testing.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Fabrication and Characteristics of Concrete with Different Composition

In this study, the reinforcement used was kenaf fibre, while pure cement were the
matrix system for developing the concrete. The size of the kenaf core used in this research
are 3 mm, 10 mm, 20 mm, 20 mesh and 40 mesh. There will be also a concrete samples that
will be reinforced with foam and solely pure cement concrete. Firstly, the sample needed for
this research is 150 samples for acoustic panels and 31 samples for the mechanical testing
panels. There will be five different sizes of kenaf core that will be used and also the thickness
of the concrete will be vary starting from 10 mm to 50 mm thickness. To fabricate the
acoustic panels in time, 5 moulds with dimension of 50 mm x 50 mm x 10/20/30/40/
50 mm were made using 3D printing machine with the measurement of each sample 34.5
mm x 10 /20 / 30/ 40 / 50 mm and the shape for the acoustic panels are cylindrical. Then,
for the second samples that will be used for mechanical testings used a mould with a
dimension of 140 mm x 140 mm x 10 /20 /30 /40 / 50 mm will be used and the samples
for mechanical test panels will be in a cube shape for flexural and for compressive test, the
samples for acoustic panels will be reused.. After drying the sample for 3 days, all the
samples would submerge into the water to undergo the curing process for 28 days. Later on
the samples will be cut into 5 parts with a dimension of 100 mm x 20 mm x 10 /20 /30/40

/ 50mm.

To ensure the samples are qualified for testing, an experimental sample will be
prepared to determine which method is convenient for mixing concrete and kenaf core to

ensure that the mixture is well blended to be more robust and more stable. Figure 4.1 shows
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the process of making the trial sample with different ratio. Then, all the trial samples were
dried out under the sunlight for a few hours until thoroughly dried. The result of this trial
sample showed in Figure 4.2, where the suitable ratio will give good strength and not easily
crack when broken. Unfortunately, if wrong method is used and not thoroughly dried the
sample, it will break easily and cannot be used for further process as illustrated in Figure

4.2.

Figure 4.2 Sample condition (a) acceptable (b) reject

After confirming the suitable ratio for mixing the kenaf core and cement, the kenaf
core will be thoroughly covered. Then water is added thus the mixture will have a good
bonding with each other as shown in Figure 4.3. The mixture will be poured into the mould

and compress using one thumb evenly to ensure the sample has the same density. Figure 4.4
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illustrates the moulding process of the samples and will be dried out under the sunlight for

24 hours.

(b) (b)

Figure 4.3 Fabricaton steps (a) cement add (b) manual mixing (c) final mix concrete

Figure 4.4 Concrete curing in mould

After the drying process, the sample will be removed from the mould gently to avoid any
vibration that will lead to the sample breaking or cracking easily. Figure 4.5 and Figure 4.6
show samples example after undergoing the drying process. While most samples have
outcomes that are beter with flat, smooth surfaces, some do not, and these samples cannot
be utilised for the following process. Broken or fully cracked becomes rejected sample and

needs to replace it with new samples because if if it has been used, the crack will propagates
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furher during the cutting process because vibration occurs from the cutting tool. After that,

the quality samples will be measure the mass before and after the curing process.

Figure 4.5 Selected sample after cured (a) cement with too much water (b) good samples
that mix well

Figure 4.6 The examples rejected samples

The samples were submerged in the water for 28 days and the condition of the samples
will be observed frequently to ensure water is enough throughout the process. Figure 4.7
shows the curing process of the samples before and after 28 days. After 28 days, the samples
will be removed from the water and dried out for one day so that the samples are thoroughly
dried. This drying method is vital for the samples because any trapped water inside the
sample will negatively impact the next process. Although some samples happen to be
cracked during the process, they still can be used for testing as it does not affect the condition

of the samples.
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Figure 4.7 The curing process (a) at initial state a (b) at 28 days of submerging

4.2 Mechanical Properties of Kenaf Core Concrete Sample

The performance of this experiment is determined by several testing which are
threepoint flexural test and compression test according to ASTM standards. Each testing will
determine the best performance of a sample of kenaf core reinforced concrete/ In this

research, samplemade of cement and polystyrene foam were used as the benchmark.

4.2.1 Flexural performance

In this section, flexural performance was conducted by testing samples using
Universal Testing Machine (UTM) from Instron which has maximum capacity of 100 kN
as shown in Figure 4.8. The sizw of sample for testing is 100 mm x 20 mm x 10 /20 /30 /
40/ 50 mm. The data is recorded thus the graphs were generated for analysis and comparison
of flexural performance for each composition with different size of kenaf core. Figure 4.9

illustrates the mode of failure that occurs after the testing.
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Figure 4.8 The examples of three-point flexural test

Crack Failure

Figure 4.9 The condition of sample after the testing

4.2.1.1 Comparison flexural strength of kenaf core and concrete

Based on Figure 4.10, illustrates the 28-day flexural strength of each sample with
different composition of kenaf. The flexural strength of 40 mesh, 20 mesh, 30 mm, 20 mm
and 10 mm with 0.59 MPa, 0.65 MPa, 0.67 MPa, 0.81 MPa, and 0.85 MPa respectively. As
for the control samples like foam and pure cement, the flexural strength is 0.59 MPa and
5.47 MPa. The trend of the chart shows that is linearly decreasing in strength when the
smallest mesh is used in the sample. From the figure, it shows that core with the size of 40
mesh shows the lowest flexural performance of 0.59 MPa while the highest flexural

performance was at 20 mm kenaf core with the value of 0.85 MPa. The calculated difference
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between the lowest and highest has a significant value of 36.11%. The result is in lines of
earlier study of Zhang et al. (2020) that found when the fibre content is higher than the
concrete, the flexural strength rate growth slowly decreasing. It is shown that the smallest
size of kenaf, the lower the flexural strength result. Cementatious materials are prone to crack
and it affects the durability of the concrete structures. Because of their low tensile strength
and brittleness, cementitious materials can be easily cracked.

Flexural Properties
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Figure 4.10 Comparison of flexural strength of each size of ratio

From Figure 4.10, there is a small crack line appears where it can be concluded that
20 mesh and 40 mesh is not strong enough to make it less susceptible to crack while in Figure
4.13, to shows there are large amount of porosity can be seen as the amount of ratio
decreases. This is because bonding between the concrete and kenaf core is low. It can be said
that reducing theeinforcement material in the sample will increase the flexural strength.

Higher performance with smaller KC will gives good impact and better mechanical strength.
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Figure 4.12 SEM analysis for 30 mm of kenaf core and concrete

According to Table 4.1, which depicts the cracking and failure pattern of the sample, the
majority of the samples exhibit cracking propagation at the mid-span between the two points
of force. During testing, the control sample which is pure cement failed in a brittle form,
which happened abruptly without warning. Sample kenaf core with the size of 10 mm, 20
mm, 30 mm, 20 mesh, 40 mesh and foam on the other hand, failed in a ductile way, in which
the cracking propagated and spread without splitting the beam in half. As stated by Zhou et
al., (2020), adding kenaf fibres to concrete has the ability to delay crack propagation and

change the mode of failure from brittle to ductile.
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Figure 4.14 SEM analysis for 10 mm KC

Table 4.1 Cracking pattern and failure mode sample

Thicknes Sampl Cracking Pattern Failure
] e mode
10 mm
(C5) Ductil
e
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10 mm

thickness

20 mm

(C5)

3 mm

(C4)

20
mesh

(C2)

40
mesh

(CD

Pure

cement

©

Ductil

Ductil

Ductil

Ductil

Brittle

Foam

(F)

Ductil
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thickness
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Ductil

Ductil
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71



Foam

(F)

30 mm

thickness

10 mm

(C3)

20 mm

(C5)
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mesh
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Foam
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thickness
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©

Foam
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Ductil
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4.2.2 Compression performance

In this part, compression test is according with- ASTM 109 to determine the
performance of the samples. Each test will measure the average of 6 samples for each ratio
with measurement of 34.5 mm x 10 / 20/ 30 /40 /50 mm. Hence, these tests will determine
the best performance of a sample of kenaf core reinforced concrete for compression test
panel applications. In this research, sample of pure cement concrete and foam will be used

as a benchmark. Figure 4.15 shows the setup for compression test and Figure 4.16 shows the

condition after testing.
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Figure 4.16 Condition of the samples after testing

4.2.2.1 Comparison of compression test kenaf core and concrete

Figure 4.17 demonstrated that the data of compression performance for had an
upward trend when the size of te core is bigger. The discussion result begin with the lowest
performance of kenaf concrete of 40 mesh is 0.15 MPa and the highest performance is 0.44
MPa and that is 20 mm kenaf core. The percentage difference between 0.15 MPa and 0.44
MPa is approximately 193.33% and it is a huge difference .From the data in Table 4.2, it is

apparent that the crushing form of kenaf core concrete caused a gradual reduction in
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specimen height. We can see that the smaller the ratio of kenaf core, the lower the
performance of the compression. This is because a lower percentage of concrete was used
that generally will lower percentage of concrete was used that generally will lower the ability
for the samples to withstand higher force. However, interestingly, this is contrary to a study
conducted by Solahuddin (2022). The author comes out with the finding that the additional
of kenaf fibre will reduce the compressive strength of the concrete. This is because the
concrete was not completely dry and hardened before and after the curing process.
Compression testing on kenaf core concrete helps assess its suitability for structural
applications and provides valuable insights into its mechanical properties. The results can be
compared with established standards or used to optimize mix designs for specific
applications. By understanding how variations in mix design affect the material's
compressive strength and other mechanical properties, engineers can tailor kenaf core
concrete for specific applications, optimizing its performance in different structural

elements.
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Figure 4.17 Comparison of compression performance for the ratio size of kenaf core
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Table 4.2 Form of crack for kenaf core concrete

Thickness

Samples

10 mm

thickness

10 mm

(C3)

20 mm

(C5)

Before

20 mesh

(€2)

40 mesh

(C)

After

|

]
-
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Foam

(F)

Pure Cement

©

20 mm

thickness

10 mm

(C3)

20 mm

(C5)

3 mm

(C4)
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20 mesh

(C2)
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(C1)
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)

Pure Cement

©
10 mm
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thickness
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20 mm
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3 mm

(C4)

20 mesh
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40 mesh

(C1)

Foam

(F)
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40 mm
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40 mesh

(C1)
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(F)
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©
10 mm
50 mm (C3)
thickness
20 mm
(C5)
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4.3 Summary of Mechanical Properties on Kenaf Core Reinforced Concrete

Figure 4.16 demonstrates the graph of mechanical performance summary on overall
samples. There are 5 different kenaf core sizes used starting from F, C1, C2, C3, C4, C5 and
C. It can be seen that the best in term of mechanical performance is C5, however C4 also in
range of good performance. In the context of mix uniformity, the use of 20mm kenaf core
appears advantageous compared to other sizes like 10mm, 40 mesh, 20 mesh, and 3mm. The
longer length of the 20mm fibers, while potentially posing challenges in workability, offers
benefits in terms of achieving a more uniform distribution throughout the concrete mix.
Longer fibers tend to provide improved tensile and flexural strength, essential for reinforcing
concrete structures. The 20mm Kenaf core's length may contribute to a more effective
interlocking and dispersion within the matrix, promoting a homogeneous distribution of
reinforcement. This can enhance the overall structural integrity and performance of the
reinforced concrete. Cement was taken out due to nature of good performance and it was just

used as a control sample, same goes to polystyrene foam.

Mechanical Performance Summary
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Figure 4.18 Mechanical Performance Summary Graph.
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4.4  Sound Absorption Performance of Concrete With Different Air Gap.

The acoustic test is conducted using an impedance tube testing lab based on standard
ASTM E1050-09 to analyse the sound absorption coefficient’s performance. All the samples
have different thickness starting from 10mm thickness to 50 mm thickness and the diameter
of the sample is 34.5mm. This test will be carried out with no air gap, 10 mm air gap, 20 mm
air gap and 30 mm air gap. The samples were measured at every peak of the frequency range
from 500 Hz to 5000 Hz. The highest peak at every frequency is recorded, and the results
will be compared. The average of different compositions of samples will be repeated for six
times and three times for pure cement and polystyrene foam. The sound absorption

coefficient showed a gradual increase in the range between <1000 Hz to >5000Hz

4.4.1 Sound absorption performance without air gap

From figure 4.19, F shows the lowest peak among all the samples, which is the value
of 0.047572467 coefficient in 5000 Hz. The finding is consistent with the results of past
studies obtained by Asdrubali (2006), in which polystyrene at 40 mm shows 0.5 coefficient
at 500 Hz. Based on their research, polystyrene foam had the weakest sound absorption
coefficient compare to the rest of the materials. Polystyrene foam is a stiff material that does
not return to its original shape shape after impact has been made on the foam: this foam,s
characteristics show low porosity (Coelho et al., 2013). From the results, it is clear that with
no air gap, the C3 samples showed the best effect compared to other samples, which are
reaching the highest peak at 500 Hz with a coefficient of 0.410138408 due to kenaf fibre
itself has good sound absorption properties.Studies by Lim et al. (2018) investigates natural
kenaf fibre’s sound absorption such as pure kenaf fibre has an absorption coefficient starting
from 500 Hz is above 0.5 and able to reach 0.85 on average above 1.5 kHz with a thickness

of 25-30 mm.
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Other than that, C4,C5 and F show a similar trend, reaching their highest peak at 500 Hz,
which is the coefficient of 0.308959806, 0.388719108, 0.304315425 respectively. All
samples had almost similar trends except for cement and 40 mesh starting at 3500 Hz until
4500 Hz with the difference value of 0.01 to 0.08 difference range of value approximately.
For sample C1 at 1500 Hz, there's a notable increase to 0.290442, which might correspond
to a peak in the graph. Sample F has a peak at 2500 Hz with a value of 0.250738, which
would likely be one of the highest points for that sample on the graph. At 3500 Hz, sample
C1 again has a significant value (0.210055), and at 4500 Hz, the sound coefficient for most
samples drops to 0, indicating no absorption/effectiveness at that frequency. Finally, at 4000
Hz, sample C shows a sound coefficient of 0.231307, which might correspond to a peak or
a higher value on the graph compared to the other frequencies for that sample. When
comparing samples, C3 and C5 generally perform better at lower frequencies which is up to
1000 Hz, whereas samples C1 and F show better performance or peaks at mid to higher
frequencies which is 1500 Hz and above. None of the samples show a sound coefficient
close to 1, which would represent total absorption or maximum effectiveness. This implies
that while there is some variation in performance, all samples have a relatively low sound

absorption or effectiveness across the measured frequencies.
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Figure 4.19 The graph of sound absorption with no gap coefficient with the comparison of
all samples

4.4.2 Sound absorption performance with 10 mm air gap

Based on Figure 4.20, at 500 Hz, sample C4 has the highest sound coefficient which
is at 0.426009, indicating it is most effective at this frequency with the air gap present.
Meanwhile when the sound frequency is at 1000 Hz and 4000 Hz, all samples have
significantly lower sound coefficients compared to other frequencies, suggesting they are
less effective at these frequencies. At 1500 Hz, samples C and C1 have higher sound
coefficients compared to the other samples, with C1 being the highest which is at 0.269885.
When the frequency reached 2000 Hz, sample F has the highest sound coefficient of
0.343249, a marked increase compared to its performance at 1000 Hz. At 2500 Hz, sample
C2 has a notable increase of 0.318043, whereas samples C1 and F also show relatively high
values. At 3000 Hz and 4500 Hz, most samples' effectiveness drops to zero, indicating no
absorption or effectiveness at these frequencies with the air gap present. The presence of a
10 mm air gap affects the sound absorption characteristics of the samples. The data indicates
that the air gap generally reduces the effectiveness of the samples at certain frequencies,

particularly at 1000 Hz, 3000 Hz, and 4500 Hz, where many samples show a sound
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coefficient of zero. However, there are specific frequencies where certain samples
demonstrate increased sound absorption even with the air gap, such as sample C4 at 500 Hz
and sample F at 2000 Hz. Comparatively, the air gap seems to diminish the overall
effectiveness across the frequency range, yet it allows for certain peaks at specific
frequencies that were not as pronounced without the air gap. This information could be
crucial for applications that require sound insulation or absorption at specific frequencies
and suggests that the air gap can be a critical factor in the acoustic performance of these

materials.
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Figure 4.20 The graph of sound absorption with 10 mm air gap coefficient with the
comparison of all samples

4.4.3 Sound absorption performance with 20 mm air gap

Figure 4.21 shows a graph of the sound coefficients of different samples with a 20
mm air gap at various sound frequencies. At 500 Hz, the sound coefficients are fairly high

for most samples, with C3 and C4 having the highest values, indicating good absorption at
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lower frequencies despite the larger air gap. 1000 Hz presents a significant drop in sound
coefficient for all samples, particularly C4, which has reduced to 0.030885 from 0.402505
at 500 Hz. At 1500 Hz, the sound coefficients are somewhat uniform across the samples,
with none standing out significantly. 2000 Hz frequency shows a slightly increased sound
coefficient for sample F which is 0.384108, suggesting this sample interacts more effectively
with sound at this frequency with a 20 mm air gap. At 2500 Hz, C5 has the highest sound
coefficient which is 0.299897, with other samples like C1 and F also showing relatively good
performance. At 3500 Hz, C4 has a notably high sound coefficient which is 0.079212, which
is a significant recovery from the zero values at 3000 Hz. 4000 Hz presents a moderate
increase for several samples, with C4 again having the highest coefficient which is 0.151337.
Finally, at 5000 Hz, the coefficients are generally low but present, with C4 having the highest
at 0.08094. The samples made of different kenaf core size generally show better sound
absorption at lower frequencies at500 Hz even with the larger air gap. However, the
performance varies widely across different frequencies and samples. For instance, sample F
stands out at 2000 Hz, suggesting that it might be particularly effective at damping sounds
around this frequency when a 20 mm air gap is involved. Interestingly, the trend observed
with the 10 mm air gap, where most samples' effectiveness diminished, is also seen with the
20 mm gap but with some differences in specific frequencies. This suggests that the size of
the air gap is a critical factor in the acoustic performance of these materials and can have
both negative and positive effects, potentially due to the phenomenon of standing wave
formation within the gap or other complex acoustic interactions. The data from the 20 mm
air gap can guide the design of acoustic materials where certain frequencies need to be

targeted for absorption or enhancement.
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Figure 4.21 The graph of sound absorption with 10 mm air gap coefficient with the
comparison of all samples

4.4.4 Sound absorption performance with 30 mm air gap

Figure 4.22 indicates a graph of the sound coefficients of different samples with a 30
mm air gap at various sound frequencies. All samples show moderate sound coefficients at
500 Hz frequency, with C3 having the highest sound coefficient at 0.464398. This indicates
decent absorption effectiveness at this lower frequency despite the large air gap. At 1000 Hz,
there is a general decline in sound coefficients for all samples, with C still maintaining a
relatively higher value of sound coefficient of 0.349167 compared to others meanwhile at
1500 Hz frequency, the sound coefficients are lower, with F having the highest at this
frequency which is the sound coefficient value of 0.249584. At 2000 Hz, the sound
coefficient values slightly increase, with C showing a sound coefficient of 0.366579,
indicating it's the most effective at this frequency point among all samples with a 30 mm air
gap.C5 shows the highest coefficient 0.319522 suggesting a better performance at this mid-
frequency at the value of 2500 Hz. At 3500 Hz, C4 and C5 exhibit increased coefficients,
with C4 being the highest at 0.088102. At 4000 Hz, there is a moderate sound coefficient for

several samples, with C4 again having a relatively high value of 0.132617. As for 5000 Hz,
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there's a slight recovery with C3 showing the highest coefficient of 0.098345, although the
values remain low. The 30 mm air gap significantly impacts the sound absorption
characteristics of the materials, much like the 10 mm and 20 mm air gaps did, but with a
different pattern. Notably, there is no absorption at 3000 Hz and 4500 Hz for any of the
samples, which is consistent with the findings at 20 mm. However, the overall levels of
sound coefficient are generally lower across all frequencies when compared to the 10 mm
and 20 mm air gap data. This suggests that a larger air gap may not always enhance sound
absorption, especially at certain critical frequencies where the air gap seems to cause the
sound absorption to drop to zero. This could be due to the physical properties of sound waves
and how they interact with the air gap and material, possibly creating destructive interference

or standing wave effects at specific frequencies.
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Figure 4.22 The graph of sound absorption with 30 mm air gap coefficient with the
comparison of all samples
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4.5  Sound Absorption Performance of Different Thickness of Samples

This research is to study the effect of five different sizes of thickness in order to
evaluate the acoustical performance. The performace of acoustic panel was tested with a
thickness of 10 mm, 20 mm, 30 mm, 40 mm and 50 mm in total. Before the sample is inserted
into the tube, the sample were made sure free from dirt and dust contains. This is to avoid
inaccurate data reading during the testing to get reliable results. The sample testing was

repeated 6 times in order to get the accurate data for better performance result

4.5.1 Sample C1

First of all, this experiment will start with the concrete being reinforced with a 40
mesh size kenaf core and the samples were made with different thickness, starting from 10
mm to 50 mm and it will be carried out with no gap, 10 mm air gap, 20 mm air gap and 30

mm air gap.

4.5.1.1 Sample C1 sound Absorption performance without air gap

Figure 2.23 shows the sound absorption coefficients for sample C1 which stands
for 40 mesh kenaf core size at varying material thicknesses from 10, 20, 30, 40, and 50 mm
without an air gap, measured across a spectrum of sound frequencies. At 500 Hz frequency,
the sound absorption coefficient increases from C1.10 to C1.20, decreases slightly for C1.30,
and then further decreases for C1.40 and C1.50. At 1000 Hz, The highest coefficient is at
C1.40 which is 40 mm thickness with 0.327855, showing a non-linear relationship with
thickness meanwhile at 1500 Hz, the coefficients peak at C1.10 with 0.256436 and generally
decrease with thickness. There's a notable increase for C1.20 with a coefficient of 0.346536,
which then decreases for thicker materials. At 2500 Hz, coefficients are relatively high

across all thicknesses, with C1.20 again having the highest value at 0.240434. The
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coefficients are lower compared to 3500 Hz, with C1.40 and C1.50 showing similar values
at 4000 Hz. For sample C1 without an air gap, the sound absorption performance shows
variability with both frequency and material thickness. There is no consistent trend where an
increase in material thickness leads to higher absorption across all frequencies.The complete
absence of sound absorption at 3000 Hz and 4500 Hz for all thicknesses suggests these
frequencies may be resonant frequencies where the material's intrinsic properties do not
allow for effective sound damping.At lower frequencies (500 Hz and 1000 Hz), the
relationship between thickness and absorption coefficient is not straightforward, indicating
that the optimal thickness for sound absorption depends on the specific frequency. At mid-
range frequencies (1500 Hz to 2500 Hz), thinner materials tend to have higher absorption
coefficients, while at 3500 Hz and 4000 Hz, a material thickness of 40 mm appears to be
more effective.These observations indicate that material thickness selection for sound
absorption without an air gap must consider the specific frequencies of interest, as different

thicknesses may perform better at certain frequencies.
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Figure 4.23 Graph of sound coefficient of C1 with no air gap.
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4.5.1.2 Sample C1 sound absorption performance with 10 mm air gap

Next, the experiment will be carried out with 10 mm air gap as the graph illustrated
in Figure 4.24 . At 500 Hz, the absorption coefficient generally increases with thickness,
with C1.50 (50 mm) having the highest coefficient at 0.265708 but on the other hand, at
1000 Hz, there is a decrease in absorption for the thicker materials, with C1.50 showing a
significant drop to 0.093596. C1.40 shows the highest absorption coefficient at 0.20185 at
2000 Hz but at 2500 Hz, coefficients for all thicknesses are lower than at 2000 Hz, with
C1.30 having the highest value at 0.247207 and at 5000 Hz, sound absorption coefficients
are low, with C1.40 showing the highest value at 0.098652. For sample C1 with a 10 mm air
gap, sound absorption varies significantly with both frequency and material thickness. At
lower frequencies from 500 Hz and 1500 Hz, thicker materials generally show higher
absorption coefficients. However, at 1000 Hz, the thickest material C1.50 is not the most
effective, indicating a non-linear relationship between thickness and absorption.The absence
of sound absorption at 3000 Hz and 4500 Hz for all thicknesses suggests that these
frequencies may correspond to resonant conditions created by the air gap where the material
is ineffective at sound damping. At mid-range frequencies 2000 Hz and 2500 Hz, C1.30 and
C1.40 tend to be more effective, while at the highest frequency tested 5000 Hz, C1.40 has
the highest absorption coefficient. These findings suggest that for applications involving a
10 mm air gap, the selection of material thickness for sound insulation should be guided by
the specific frequencies of interest. Different thicknesses may be more effective at absorbing
different frequencies, and there is no single thickness that provides optimal absorption across

the entire frequency range.
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Figure 4.24 Graph of sound coefficient of C1 with 10 mm air gap.

4.5.1.3 Sample C1 sound absorption performance with 20 mm air gap

Figure 4.25 contains a graph of the sound absorption coefficients for sample C1
across various sample thicknesses with a 20 mm air gap at different sound frequencies. At
500 Hz, the absorption coefficient increases from C1.10 to C1.30, then levels off for C1.40
and C1.50. Moving to 1000 Hz, C1.10 exhibits the highest coefficient at 0.225186,
decreasing as material thickness increases. For 1500 Hz, variability is observed, with C1.30
and C1.40 having the highest coefficients. At 2000 Hz, C1.40 displays the peak absorption
coefficient at 0.183726. Transitioning to 2500 Hz, a decrease in absorption is noted for all
thicknesses, with C1.40 having the highest coefficient at 0.238518. At 3000 Hz, all variations
exhibit a coefficient of 0, indicating no sound absorption. Moving to 3500 Hz, absorption
coefficients rebound, with C1.40 showing the highest at 0.230606. At 4000 Hz, coefficients
are slightly lower, and C1.50 has the highest at 0.181622. For 4500 Hz, no sound absorption
is recorded across all thicknesses. Finally, at 5000 Hz, sound absorption coefficients are low,
with C1.10 having the highest value at 0.087313. For sample C1 with a 20 mm air gap, the
absorption performance is influenced by both the frequency of the sound and the thickness

of the material. The thickest materials do not consistently absorb more sound across all
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frequencies. Instead, mid-range thicknesses (C1.30 and C1.40) often perform better,
particularly at frequencies like 1500 Hz, 2000 Hz, and 3500 Hz.The complete lack of sound
absorption at 3000 Hz and 4500 Hz across all thicknesses suggests these may be resonant
frequencies where the air gap size impacts the material's ability to absorb sound.At higher
frequencies (4000 Hz and 5000 Hz), there is no consistent trend showing that increased
thickness improves absorption. In fact, at the highest frequency tested (5000 Hz), the thinnest
material (C1.10) has the highest absorption coefficient. These findings indicate that material
selection for sound absorption with a 20 mm air gap should be carefully considered based
on the specific frequencies of interest. Different thicknesses may be more effective at
different frequencies, and no single thickness optimizes absorption across the entire
frequency range. This information is crucial for applications where precise acoustic control

1s needed.
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Figure 4.25 Graph of sound coefficient of C1 with 20 mm air gap.
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4.5.1.4 Sample C1 sound absorption performance with 30 mm air gap

Figure 4.26 shows the graph of
sound absorption coefficient against frequency of C1 with 30 mm air gap. Across various
frequencies, the absorption coefficients exhibit distinct trends with material thickness. At
500 Hz, absorption increases with thickness, reaching its peak at C1.50 with a coefficient of
0.340099. However, at 1000 Hz, the trend reverses, and C1.50 displays the highest
coefficient at 0.129581. Moving to 1500 Hz, there's a general increase in absorption with
thickness, with the highest coefficient observed in C1.30 at 0.259188. At 2000 Hz,
coefficients decline for thicker materials, with C1.20 20 mm showing the highest value at
0.137668. For 2500 Hz, absorption coefficients decrease compared to 2000 Hz, and C1.10
10 mm exhibits the highest coefficient at 0.197777. At 3000 Hz, all thickness variations
show a coefficient of 0, indicating no sound absorption. The trend rebounds at 3500 Hz, with
C1.40 40 mm displaying the highest coefficient at 0.228283. At 4000 Hz, coefficients are
slightly lower than at 3500 Hz, with C1.10 and C1.50 showing the highest values. There is
no sound absorption across all thicknesses at 4500 Hz, as indicated by coefficients of 0.
Finally, at 5000 Hz, sound absorption coefficients are low, with C1.50 having the highest
value at 0.100571. For sample C1 with a 30 mm air gap, the sound absorption performance
is influenced by both the material thickness and the frequency of sound. Thicker materials
do not always absorb more sound across the frequencies. Instead, different thicknesses are
more effective at different frequencies, with no single thickness performing best
consistently.The lack of sound absorption at 3000 Hz and 4500 Hz suggests these
frequencies may be resonant frequencies where the 30 mm air gap prevents effective sound
damping by the material. The data indicates that selecting a material thickness for sound

insulation with a 30 mm air gap should be guided by the specific frequencies of interest. For
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example, C1.30 is most effective at 1500 Hz, while C1.10 and C1.50 show better

performance at higher frequencies like 4000 Hz and 5000 Hz.
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Figure 4.26 Graph of sound coefficient of C1 with 30 mm air gap.

4.5.2 Sample C2

This experiment will start with the concrete being reinforced with a 20 mesh size kenaf
core and the samples were made with different thickness, starting from 10 mm to 50 mm and

it will be carried out with no gap, 10 mm air gap, 20 mm air gap and 30 mm air gap.

4.5.2.1 Sample C2 sound absorption performance without air gap

Figure 4.27 shows the graph of sound coefficient of C2 with no air gap. At 500 Hz,
the absorption coefficient increases with thickness, peaking at 50 mm. At 1000 Hz, thicker
materials demonstrate higher absorption, with C2.50 reaching 0.409548. The trend continues
at 1500 Hz, maintaining high absorption at C2.50. However, at 2000 Hz, a shift occurs with
C2.10 (10 mm) having the highest coefficient. At 2500 Hz, absorption coefficients decrease,
while at 3000 Hz, all thicknesses show no sound absorption. Recovery begins at 3500 Hz,
with C2.40 (40 mm) having the highest coefficient. At 4000 Hz, coefficients are lower, and

at 4500 Hz, there is no sound absorption. Finally, at 5000 Hz, absorption coefficients are
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relatively low, with C2.20 (20 mm) having the highest value at 0.108199. This data illustrates
the nuanced relationship between material thickness and sound absorption across different
frequencies. For sample C2 without an air gap, the sound absorption characteristics
significantly depend on both the frequency and material thickness. Thicker materials
generally absorb more sound at lower frequencies (500 Hz to 1500 Hz), while at 2000 Hz,
the thinnest material (C2.10) performs best.The complete absence of sound absorption at
3000 Hz and 4500 Hz across all thicknesses suggests these frequencies might correspond to
resonant frequencies where the material's natural properties do not allow for sound
damping.At higher frequencies (3500 Hz and 4000 Hz), there is no clear pattern that thicker
materials absorb more sound; instead, C2.40 shows the highest coefficients, suggesting a

complex interaction between material thickness, sound frequency, and the lack of an air gap.

C2 NO GAP
1

09
= 08
=
W 07
O ¥l e (2.10
t u.b
O 05 €2.20
o A A
o 04 e e () 30
S-053 - =
o)
vl

o o
=N

- _.—'-1\
| Z > - €2.40
. e (2.50
0

500 1000 1500 2000 2500 3000 3500 4000 4500 5000
SOUND FREQUENCY (Hz)

Figure 4.27 Graph of sound coefficient of C2 with no air gap.

4.5.2.2 Sample C2 sound absorption performance with 10 mm air gap

Figure 4.28 shows the graph of sound coefficient of C2 with 10 mm air gap. At 500
Hz, the absorption coefficient increases with thickness until C2.40, where it reaches
0.336957, followed by a slight decrease at C2.50 (50 mm). Moving to 1000 Hz, there's a

notable decrease in absorption coefficients for all thicknesses compared to 500 Hz, with
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C2.40 having the highest value at 0.228557. At 1500 Hz, coefficients increase, with C2.40
leading at 0.283353. The trend of increasing absorption with thickness persists at 2000 Hz,
where C2.40 maintains the highest coefficient at 0.224766. At 2500 Hz, absorption
coefficients decrease slightly, still led by C2.40. There's no sound absorption at 3000 Hz for
all thickness variations. Absorption coefficients rebound at 3500 Hz, with C2.50 having the
highest value at 0.118003. At 4000 Hz, coefficients are lower than at 3500 Hz, with C2.50
leading at 0.094842. At 4500 Hz, there's no sound absorption for all thicknesses, with
coefficients at 0. Finally, at 5000 Hz, sound absorption coefficients are low, with C2.50
having the highest value at 0.109408. This comprehensive analysis reveals the nuanced
relationship between material thickness and sound absorption across different frequencies.
For sample C2 with a 10 mm air gap, the sound absorption performance is influenced by
both material thickness and frequency. Thicker materials generally have higher absorption
coefficients, with C2.40 often showing the highest values across the frequency range except
for the highest frequency measured, 5000 Hz, where C2.50 performs best. The absence of
sound absorption at 3000 Hz and 4500 Hz across all thicknesses suggests that these
frequencies are likely resonant frequencies where the 10 mm air gap prevents effective sound
damping, a pattern consistent with other data sets for different air gaps and materials. At
5000 Hz, the coefficients are low for all thicknesses, but the highest coefficient is with the
thickest material, suggesting that more material may help with absorbing higher frequency
sounds when paired with a 10 mm air gap. Overall, the data suggests that a thicker material
may be more effective for sound absorption across a range of frequencies when a 10 mm air

gap is used, but this is not a uniform rule.
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Figure 4.28 Graph of sound coefficient of C2 with 10 mm air gap.

4.5.2.3 Sample C2 sound absorption performance with 20 mm air gap

Figure 4.29 shows the graph of sound coefficient of C2 with 20 mm air gap. At 500
Hz, the absorption coefficient peaks at 20 mm thickness, with a value of 0.343212, and there
is a slight increase for 50 mm thickness, revealing a non-linear relationship between
thickness and absorption at this frequency. Moving to 1000 Hz, the trend is not consistent,
as C2.40 with 40 mm thickness exhibits the highest coefficient at 0.155026. At 1500 Hz,
C2.40 continues to lead with the highest absorption coefficient, while C2.30 with 30 mm
thickness shows a significantly lower coefficient compared to C2.20 and C2.40. The pattern
continues at 2000 Hz, where C2.40 maintains the highest coefficient. At 2500 Hz,
coefficients are generally lower than at 2000 Hz, with C2.40 still having the highest value.
At 3000 Hz, all thicknesses exhibit zero sound absorption. The coefficients rebound at 3500
Hz, with C2.40 showing the highest value. At 4000 Hz, coefficients are lower than at 3500
Hz, with C2.40 maintaining the highest value. There is no sound absorption at 4500 Hz for
all thicknesses. Finally, at 5000 Hz, sound absorption coefficients are low, with C2.30 having

the highest value. This analysis highlights the intricate relationship between material
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thickness and sound absorption across different frequencies. For sample C2 with a 20 mm
air gap, the sound absorption varies significantly with frequency and material thickness. The
data does not display a consistent increase or decrease in absorption with material thickness.
Instead, certain thicknesses, particularly C2.40, tend to perform better across multiple
frequencies.The absence of sound absorption at 3000 Hz and 4500 Hz for all thicknesses
suggests that these frequencies may be resonant frequencies where the air gap size hinders
effective sound damping. At higher frequencies (3500 Hz and 4000 Hz), C2.40 consistently
shows the highest absorption coefficients, while at 5000 Hz, C2.30 is the most effective,
indicating that the optimal material thickness for sound absorption can vary greatly

depending on the specific frequency.
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Figure 4.29 Graph of sound coefficient of C2 with 20 mm air gap.

4.5.2.4 Sample C2 sound absorption performance with 30 mm air gap

Figure 4.30 shows the graph of sound coefficient of C2 with 30 mm air gap. At 500
Hz, the absorption coefficient demonstrates an increase with material thickness, reaching its
peak at C2.50 (50 mm) with a value of 0.447711. However, the trend shifts at 1000 Hz,

where C2.40 (40 mm) exhibits the highest coefficient at 0.510631. Moving to 1500 Hz,
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coefficients vary, with the thickest material, C2.50, displaying the highest value at 0.169015.
At 2000 Hz, absorption coefficients remain relatively even, with C2.50 leading at 0.120676.
Subsequently, at 2500 Hz, coefficients for all thicknesses decrease, and C2.50 maintains the
highest coefficient at 0.128607. At 3000 Hz, all thickness variations show a coefficient of 0,
indicating no sound absorption at this frequency. The recovery in sound absorption
coefficients occurs at 3500 Hz, with C2.30 (30 mm) displaying the highest coefficient at
0.128464. Moving to 4000 Hz, coefficients are lower than at 3500 Hz, with C2.50 having
the highest value at 0.111427. At 4500 Hz, there is no sound absorption across all
thicknesses, as indicated by coefficients of 0. Finally, at 5000 Hz, sound absorption
coefficients are low, with C2.30 showing the highest value at 0.069674. This analysis
illustrates the dynamic relationship between material thickness and sound absorption across
different frequencies. For sample C2 with a 30 mm air gap, sound absorption varies with
frequency and material thickness. The data shows an initial increase in absorption with
material thickness at lower frequencies (500 Hz). At higher frequencies (1000 Hz and
above), the pattern becomes less clear, with no consistent relationship between thickness and
higher absorption coefficients. The complete lack of absorption at 3000 Hz and 4500 Hz
suggests these frequencies are likely resonant frequencies where the material's properties, in
combination with the 30 mm air gap, are ineffective for sound damping. At the highest
frequency tested (5000 Hz), C2.30 shows the highest absorption, indicating that neither the
thinnest nor the thickest materials provide the best performance consistently across all

frequencies.
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Figure 4.30 Graph of sound coefficient of C2 with 30 mm air gap.

4.5.3 Sample C3

This experiment will start with the concrete being reinforced with a 10 mm size kenaf
core and the samples were made with different thickness, starting from 10 mm to 50 mm and

it will be carried out with no gap, 10 mm air gap, 20 mm air gap and 30 mm air gap.

4.5.3.1 Sample C3 sound absorption performance without air gap

Figure 2.31 shows the graph of sound coefficient of C3 without air gap. At 500 Hz,
the absorption coefficient generally increases with material thickness, peaking at C3.50 (50
mm) with a coefficient of 0.481023, indicating enhanced absorption at this frequency with
greater material thickness. Contrary to this, at 1000 Hz, the trend reverses, with C3.40 (40
mm) exhibiting the highest coefficient at 0.510631, while the thickest material, C3.50, shows
a lower coefficient. Moving to 1500 Hz, C3.50 has the highest coefficient at 0.199796,
suggesting that thicker materials might be more effective at absorbing sound at this
frequency. At 2000 Hz, coefficients remain relatively even, with C3.50 leading at 0.135997.

As we progress to 2500 Hz, absorption coefficients decrease, yet C3.50 maintains the highest
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coefficient at 0.12082. At 3000 Hz, all thickness variations display a coefficient of 0,
indicating no sound absorption at this frequency. The recovery in sound absorption
coefficients occurs at 3500 Hz, with C3.40 exhibiting the highest coefficient at 0.140069.
Transitioning to 4000 Hz, coefficients are lower than at 3500 Hz, with C3.40 having the
highest value at 0.093614. At 4500 Hz, there is no sound absorption across all thicknesses,
as indicated by coefficients of 0. Finally, at 5000 Hz, sound absorption coefficients are
relatively low, with C3.40 having the highest value at 0.043596. This analysis underscores
the nuanced relationship between material thickness and sound absorption across different
frequencies. For sample C3 without an air gap, the sound absorption characteristics exhibit
significant variation with frequency and material thickness. Thicker materials tend to have
higher absorption coefficients at lower frequencies (500 Hz and 1500 Hz), and this trend
generally continues up to 2500 Hz. At mid-range frequencies, particularly 3500 Hz and 4000
Hz, C3.40 shows the highest coefficients, suggesting that slightly less than the maximum
thickness tested may be more effective for these frequencies.The absence of absorption at
3000 Hz and 4500 Hz across all thicknesses suggests that these frequencies are not
effectively damped by the material, potentially due to the resonance that occurs with the lack

of an air gap.
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Figure 4.31 Graph of sound coefficient of C3 with no air gap

4.5.3.2 Sample C3 sound absorption performance with 10 mm air gap

Figure 2.32 shows the graph of sound coefficient of C3 with 10 mm air gap. At 500
Hz, the sound absorption coefficient reaches its peak at C3.50 (50 mm thickness) with a
value of 0.541409. In general, there is an increase in the absorption coefficient with material
thickness at this frequency. Transitioning to 1000 Hz, the coefficients for all thicknesses are
lower than those at 500 Hz, with C3.10 (10 mm) exhibiting the highest coefficient at
0.20565. At 1500 Hz, coefficients show variation, with C3.30 (30 mm) displaying the
highest value at 0.228762, suggesting better performance at this thickness for this frequency.
Moving to 2000 Hz, the coefficients exhibit variation again, with C3.50 having the highest
value at 0.152715. At 2500 Hz, there is a general increase in sound absorption, and C3.50
demonstrates the highest coefficient at 0.300408. However, at 3000 Hz, every thickness
variation shows a coefficient of 0, indicating no sound absorption. The recovery in
absorption coefficients occurs at 3500 Hz, with C3.30 showing the highest coefficient at
0.283271. Moving to 4000 Hz, the coefficients are lower than at 3500 Hz, with no clear trend

regarding the impact of thickness. At 4500 Hz, there is no sound absorption across all
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thicknesses, as indicated by coefficients of 0. Finally, at 5000 Hz, sound absorption
coefficients are low, with C3.50 having the highest value at 0.094296. This analysis
underscores the dynamic relationship between material thickness and sound absorption
across different frequencies. For sample C3 with a 10 mm air gap, sound absorption
characteristics display significant variability depending on both frequency and material
thickness. Thicker materials tend to have higher absorption coefficients at lower frequencies
(500 Hz) and mid-range frequencies (2500 Hz and 3500 Hz), while at 1000 Hz, the thinnest
material (C3.10) performs best. The consistent absence of sound absorption at 3000 Hz and
4500 Hz across all thicknesses suggests these frequencies may be resonant frequencies
where the air gap size negates effective damping by the material. At 4000 Hz and 5000 Hz,
the absorption coefficients are generally low for all thicknesses, indicating limited

effectiveness in these higher frequency ranges.
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Figure 4.32 Graph of sound coefficient of C3 with 10 mm air gap
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4.5.3.3 Sample C3 sound absorption performance with 20 mm air gap

Figure 4.33 shows the graph of sound coefficient of C3 with 20 mm air gap. At 500
Hz, the absorption coefficient shows an increase with thickness, reaching its peak at C3.50
(50 mm) with a value of 0.615545, suggesting improved absorption with greater material
thickness at this low frequency. Transitioning to 1000 Hz, the absorption coefficients
decrease across all thicknesses from their values at 500 Hz, and C3.10 (10 mm) displays the
highest coefficient at 0.251407. Moving to 1500 Hz, the coefficients exhibit a mixed trend,
with C3.50 having the highest value at 0.197123, indicating enhanced performance at this
thickness for this frequency. At 2000 Hz, the coefficients remain relatively consistent across
thicknesses, and C3.40 (40 mm) displays the highest value at 0.237001. As we progress to
2500 Hz, there's an increase in sound absorption, and C3.30 (30 mm) exhibits the highest
coefficient at 0.340342. However, at 3000 Hz, all variations show a coefficient of 0,
indicating no sound absorption. The recovery in absorption coefficients occurs at 3500 Hz,
with C3.30 showing the highest coefficient at 0.29621. At 4000 Hz, coefficients are lower
than at 3500 Hz, with C3.10 and C3.50 showing similar values. Moving to 4500 Hz, there is
no sound absorption across all thicknesses, as indicated by coefficients of 0. Finally, at 5000
Hz, sound absorption coefficients are low, with C3.20 having the highest value at 0.124734.
This analysis underscores the dynamic relationship between material thickness and sound
absorption across different frequencies. For sample C3 with a 20 mm air gap, sound
absorption varies with frequency and material thickness, displaying no uniform trend across
all frequencies. At the lower frequency of 500 Hz, the thickest material (C3.50) exhibits the
highest absorption, while at 1000 Hz, the thinnest material (C3.10) performs best.The
consistent lack of absorption at 3000 Hz and 4500 Hz suggests these may be resonant
frequencies where the air gap prevents effective sound damping, regardless of material

thickness.At mid-range frequencies, particularly at 2500 Hz and 3500 Hz, medium
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thicknesses (C3.30) show the highest absorption coefficients, while at the higher frequency

of 5000 Hz, a less thick material (C3.20) has the highest coefficient.
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Figure 4.33 Graph of sound coefficient of C3 with 20 mm air gap

4.5.3.4 Sample C3 sound absorption performance with 30 mm air gap

Figure 4.34 shows the graph of sound coefficient of C3 with 30 mm air gap. At 500
Hz, the absorption coefficient generally increases with material thickness, peaking at C3.50
(50 mm) with a coefficient of 0.603663. Moving to 1000 Hz, the absorption coefficients are
lower for all thicknesses compared to 500 Hz, with C3.20 (20 mm) having the lowest
coefficient at 0.142514, and C3.40 (40 mm) having the highest at 0.184295. At 1500 Hz, the
coefficients exhibit variation, with C3.50 (50 mm) showing the highest value at 0.200941,
suggesting improved performance at this thickness for this frequency. Transitioning to 2000
Hz, absorption coefficients are relatively even, with C3.50 (50 mm) displaying the highest
value at 0.164369. Progressing to 2500 Hz, there's an increase in sound absorption, and
C3.50 exhibits the highest coefficient at 0.338729. However, at 3000 Hz, every thickness
variation shows a coefficient of 0, indicating no sound absorption. The recovery in
absorption coefficients occurs at 3500 Hz, with C3.30 (30 mm) displaying the highest

coefficient at 0.245766. At 4000 Hz, coefficients are lower than at 3500 Hz, with C3.10 (10
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mm) having the highest value at 0.143846. Moving to 4500 Hz, there is no sound absorption
across all thicknesses, as indicated by coefficients of 0. Finally, at 5000 Hz, sound absorption
coefficients are low, with C3.10 showing the highest value at 0.09861. This analysis
highlights the dynamic interplay between material thickness and sound absorption across
different frequencies. For sample C3 with a 30 mm air gap, the sound absorption
characteristics show that material thickness affects the sound absorption significantly.
Thicker materials (C3.50) tend to have higher absorption coefficients at lower frequencies
(500 Hz and 2500 Hz), and this trend generally continues up to 2000 Hz. The complete lack
of sound absorption at 3000 Hz and 4500 Hz suggests that these frequencies are resonant
points where the air gap size negates effective damping by the material across all tested
thicknesses.At higher frequencies, particularly at 3500 Hz and 4000 Hz, there is no
consistent pattern that thicker materials absorb more sound; instead, C3.30 and C3.10
respectively show the highest coefficients.These findings suggest that when considering
materials for sound insulation with a 30 mm air gap, specific thicknesses may be more

effective at certain frequencies.
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Figure 4.34 Graph of sound coefficient of C3 with 30 mm air gap
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4.5.4 Sample C4

This experiment will start with the concrete being reinforced with 3 mm size kenaf
core and the samples were made with different thickness, starting from 10 mm to 50 mm and

it will be carried out with no gap, 10 mm air gap, 20 mm air gap and 30 mm air gap.

4.5.4.1 Sample C4 sound absorption performance without air gap

Figure 4.35 illustrates the graph of sound coefficient of C4 with no air gap. At 500
Hz, the sound absorption coefficient increases with material thickness, reaching its peak at
C4.30 (30 mm) with a value of 0.356331, followed by a slight decrease for thicker materials.
Shifting to 1000 Hz, the absorption coefficients are lower across all thicknesses compared
to 500 Hz, and C4.50 (50 mm) has the highest coefficient at 0.34992. At 1500 Hz, the
coefficients present a mixed trend, with the lowest for C4.20 (20 mm) and the highest for
C4.50 at 0.092562. Moving to 2000 Hz, sound absorption is relatively low for all
thicknesses, with C4.30 showing the highest value at 0.089569. At 2500 Hz, C4.50 has the
highest coefficient at 0.081267, indicating a slight increase in absorption compared to
thinner materials at this frequency. However, at 3000 Hz, all variations exhibit a coefficient
of 0, indicating no sound absorption. The recovery in absorption coefficients occurs at 3500
Hz, with C4.40 showing the highest coefficient at 0.085398. At 4000 Hz, the coefficients are
low, with C4.10 and C4.50 showing similar values (around 0.05). Moving to 4500 Hz, there
is no sound absorption across all thicknesses, as indicated by coefficients of 0. Finally, at
5000 Hz, the sound absorption coefficients are relatively low, with C4.10 showing the

highest coefficient at 0.07. This analysis underscores the intricate relationship between
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material thickness and sound absorption across different frequencies. For sample C4 without
an air gap, the sound absorption performance exhibits variability that is dependent on both
the material thickness and the frequency. At lower frequencies, a medium thickness (C4.30)
appears to be most effective, while at 1000 Hz and 2500 Hz, the thickest material (C4.50)
provides slightly better absorption.The consistent lack of absorption at 3000 Hz and 4500
Hz suggests these frequencies may be resonant frequencies for the materials where the
intrinsic properties do not allow for sound damping.At higher frequencies, specifically at
3500 Hz and 5000 Hz, the differences in sound absorption between the various thicknesses

are not as pronounced, indicating a more uniform performance.
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Figure 4.35 Graph of sound coefticient of C4 with no air gap

4.5.4.2 Sample C4 sound absorption performance with 10 mm air gap

Figure 4.36 shoes the graph of sound coefficient of C4 with 10 mm air gap. At 500
Hz, the highest sound absorption coefficient is observed at C4.10 (10 mm) with a value of
0.48858. Generally, absorption decreases as material thickness increases. Transitioning to
1000 Hz, all thicknesses show a significant reduction in absorption coefficients compared to

500 Hz, with the least drop observed in C4.40 (40 mm). Moving to 1500 Hz, sound
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absorption coefficients increase compared to 1000 Hz, and C4.10 (10 mm) has the highest
value at 0.084471. At 2000 Hz, coefficients remain relatively consistent across thicknesses,
with C4.30 (30 mm) showing a slightly higher coefficient. Progressing to 2500 Hz, there is
a general decrease in the sound absorption coefficient, and C4.40 (40 mm) has the highest
value at 0.058279. At 3000 Hz, all thicknesses exhibit a coefficient of 0, indicating no sound
absorption. The recovery in sound absorption coefficients occurs at 3500 Hz, with C4.10 (10
mm) displaying the highest coefficient at 0.098173. At 4000 Hz, there’s an increase in
absorption coefficients, and both C4.10 and C4.50 show higher values than the other
thicknesses. Moving to 4500 Hz, similar to 3000 Hz, there is no sound absorption across all
thicknesses, as indicated by coefficients of 0. Finally, at 5000 Hz, the sound absorption
coefficients are relatively low, with C4.10 showing the highest value at 0.096814. This
analysis underscores the nuanced relationship between material thickness and sound
absorption across different frequencies. For sample C4 with a 10 mm air gap, the sound
absorption characteristics vary notably with frequency and material thickness. At lower
frequencies (500 Hz), the thinnest material (C4.10) shows the highest absorption, suggesting
that less material is more effective at absorbing sound at this frequency with the given air
gap size. However, at higher frequencies (4000 Hz and 5000 Hz), the thinnest material
continues to show higher absorption coefficients, which could indicate that the interaction
between sound waves and the air gap size is more favorable for thinner materials at these
frequencies. The consistent absence of sound absorption at 3000 Hz and 4500 Hz for all
thicknesses suggests these are resonant frequencies where the 10 mm air gap prevents

effective sound damping across all the tested material thicknesses.
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Figure 4.36 Graph of sound coefficient of C4 with 10 mm air gap

4.5.4.3 Sample C4 sound absorption performance with 20 mm air gap

Figure 4.37 shows the graph of sound coefficient of C4 with 20 mm air gap. At 500
Hz, the sound absorption coefficient reaches its peak for C4.10 (10 mm thickness) at
0.469183 and decreases for thicker materials, reaching the lowest value at C4.50 (50 mm
thickness). Moving to 1000 Hz, there is a significant drop in absorption coefficients for all
thicknesses compared to 500 Hz, with a slight increase observed for the thicker materials,
specifically C4.40 and C4.50. At 1500 Hz, the sound absorption coefficients vary, and there
i1s no clear trend in relation to thickness. C4.30 (30 mm) displays the highest value at
0.046697. Transitioning to 2000 Hz, absorption coefficients remain relatively even across
thicknesses, with a small increase in C4.10 and C4.30 compared to C4.20 and C4.40.
Progressing to 2500 Hz, the coefficients decrease compared to 2000 Hz, with C4.40 showing
the highest value at 0.068121. At 3000 Hz, all variations exhibit a coefficient of 0, indicating
no sound absorption. The recovery in sound absorption coefficients occurs at 3500 Hz, with
C4.50 showing the highest value at 0.079635. At 4000 Hz, the absorption coefficients

increase, and C4.40 (40 mm) has the highest coefficient at 0.14846. Moving to 4500 Hz,
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there is no sound absorption across all thicknesses, indicated by coefficients of 0. Finally, at
5000 Hz, the coefficients are relatively low, with C4.10 having the highest value at 0.099615.
This analysis highlights the nuanced changes in sound absorption across different
frequencies and material thicknesses. For sample C4 with a 20 mm air gap, sound absorption
varies with frequency and material thickness, but not in a uniform manner. At lower
frequencies (500 Hz), the thinnest material (C4.10) shows the highest absorption, while at
mid and higher frequencies (1500 Hz and 4000 Hz), medium thicknesses (C4.30 and C4.40)
provide higher coefficients.

The consistent absence of sound absorption at 3000 Hz and 4500 Hz suggests these
frequencies may be resonant points where the air gap size hinders effective sound damping
across all tested material thicknesses. At higher frequencies, particularly at 4000 Hz, there's
an increase in absorption for thicker materials, indicating a potential preference for thicker

materials in absorbing higher frequency sounds when combined with a 20 mm air gap.
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Figure 4.37 Graph of sound coefficient of C4 with 20 mm air gap
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4.5.4.4 Sample C4 sound absorption performance with 30 mm air gap

Figure 4.38 shows the graph of sound coefficient of C4 with 30 mm air gap. At
500 Hz, the sound absorption coefficient reaches its peak for C4.10 (10 mm thickness) at
0.469183 and decreases for thicker materials, reaching the lowest value at C4.50 (50 mm
thickness). Moving to 1000 Hz, there is a significant drop in absorption coefficients for all
thicknesses compared to 500 Hz, with a slight increase observed for the thicker materials,
specifically C4.40 and C4.50. At 1500 Hz, the sound absorption coefficients vary, and there
is no clear trend in relation to thickness. C4.30 (30 mm) displays the highest value at
0.046697. Transitioning to 2000 Hz, absorption coefficients remain relatively even across
thicknesses, with a small increase in C4.10 and C4.30 compared to C4.20 and C4.40.
Progressing to 2500 Hz, the coefficients decrease compared to 2000 Hz, with C4.40 showing
the highest value at 0.068121. At 3000 Hz, all variations exhibit a coefficient of 0, indicating
no sound absorption. The recovery in sound absorption coefficients occurs at 3500 Hz, with
C4.50 showing the highest value at 0.079635. At 4000 Hz, the absorption coefficients
increase, and C4.40 (40 mm) has the highest coefficient at 0.14846. Moving to 4500 Hz,
there is no sound absorption across all thicknesses, indicated by coefficients of 0. Finally, at
5000 Hz, the coefficients are relatively low, with C4.10 having the highest value at 0.099615.
This analysis highlights the nuanced changes in sound absorption across different
frequencies and material thicknesses. For sample C4 with a 30 mm air gap, the sound
absorption characteristics show variability with frequency and material thickness. The
thinnest material (C4.10) often has the highest absorption coefficients, particularly at the
lower frequency of 500 Hz and the higher frequencies of 2500 Hz, 4000 Hz, and 5000
Hz.The complete lack of sound absorption at 3000 Hz and 4500 Hz for all thicknesses may
suggest these are resonant frequencies where the air gap prevents sound damping, a
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phenomenon consistent with the other data sets for different air gaps and materials.At mid-
range frequencies, particularly 1500 Hz and 3500 Hz, there is no consistent pattern that
thicker materials absorb more sound. Instead, the data shows fluctuations where certain

thicknesses perform slightly better than others, but without a clear trend.
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Figure 4.38 Graph of sound coefficient of C4 with 30 mm air gap

4.5.5 Sample C5

This experiment will start with the concrete being reinforced with 20 mm size kenaf
core and the samples were made with different thickness, starting from 10 mm to 50 mm and

it will be carried out with no gap, 10 mm air gap, 20 mm air gap and 30 mm air gap

4.5.5.1 Sample CS sound absorption performance without air gap

Figure 4.39 shows the graph of sound coefficient of C5 with no air gap. At 500
Hz, the absorption coefficient peaks at 0.462855 for C5.50 (50 mm), increasing with material
thickness. Transitioning to 1000 Hz, coefficients decrease, yet C5.50 maintains the highest
value at 0.41803. At 1500 Hz, a varied pattern emerges, with C5.50 leading at 0.187518.
Moving to 2000 Hz, C5.20 (20 mm) deviates with the highest coefficient of 0.409134. At

2500 Hz, coefficients decrease universally, but C5.50 retains the lead at 0.102167. For 3000
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Hz, all thicknesses exhibit a coefficient of 0, indicating no sound absorption. At 3500 Hz,
coefficients recover, with C5.50 leading at 0.114265. Progressing to 4000 Hz, coefficients
dip, but C5.50 maintains the highest at 0.077662. At 4500 Hz, there's no sound absorption
(coefficient = 0). Finally, at 5000 Hz, absorption coefficients are minimal, with C5.50 at the
forefront with 0.036849. For sample C5 without an air gap, sound absorption characteristics
demonstrate that material thickness plays a significant role in sound absorption at lower
frequencies (500 Hz and 1000 Hz), with the thickest material generally showing the highest
coefficients. However, this trend does not hold consistently across all frequencies.The
absence of sound absorption at 3000 Hz and 4500 Hz for all thicknesses likely indicates
these are resonant frequencies where the material properties are not conducive to sound
damping.At mid-range frequencies (2000 Hz and 3500 Hz), the pattern becomes less
predictable, with various thicknesses showing the highest absorption at different frequencies.

At the highest frequency tested (5000 Hz), the absorption is minimal across all thicknesses.
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Figure 4.39 Graph of sound coefficient of C5 with no air gap
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4.5.5.2 Sample CS sound absorption performance with 10 mm air gap

Figure 4.40 shows the graph of sound coefficient of C5 with 10 mm air gap. At 500
Hz, thickness correlates with increased sound absorption, and C5.50 (50 mm) exhibits the
highest coefficient at 0.359971. Progressing to 1000 Hz, the trend persists, with C5.50
leading at 0.243505. At 1500 Hz, absorption coefficients rise from C5.10 to C5.30, then
slightly dip for C5.40 and C5.50. Moving to 2000 Hz, thicker materials have decreased
coefficients, and C5.20 (20 mm) leads at 0.176198. At 2500 Hz, C5.40 (40 mm) takes the
lead with the highest coefficient at 0.353338. No absorption occurs at 3000 Hz across all
thicknesses (coefficient = 0). For 3500 Hz, absorption coefficients increase, with C5.40
having the highest at 0.274917. However, the trend breaks at 4000 Hz, where C5.40 has a
lower coefficient than C5.10, C5.20, and C5.30. At 4500 Hz, there's no sound absorption
(coefficient = 0) for all thicknesses. Finally, at 5000 Hz, absorption coefficients reach their
lowest, with C5.50 showing a slight increase to 0.0988. For sample C5 with a 10 mm air
gap, sound absorption varies depending on both the material thickness and the sound
frequency. The absorption coefficients tend to increase with material thickness at lower
frequencies (500 Hz and 1000 Hz). However, at mid-range frequencies (1500 Hz to 2500
Hz), the relationship is not as straightforward, with some intermediate thicknesses showing
higher coefficients. The absence of sound absorption at 3000 Hz and 4500 Hz suggests these
frequencies may be resonant frequencies where the air gap and material combination do not
dampen the sound effectively.At higher frequencies (4000 Hz and 5000 Hz), the thickest
material (C5.50) does not consistently offer the highest absorption, which indicates that the
optimal material thickness for sound absorption can vary significantly with frequency when

paired with a 10 mm air gap.
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Figure 4.40 Figure 4.34 Graph of sound coefficient of C5 with 10 mm air gap

4.5.5.3 Sample CS5 sound absorption performance with 20 mm air gap

Figure 4.41 shows the graph of sound coefficient of C5 with 20 mm air gap. At 500
Hz, the absorption coefficient rises with material thickness, reaching its peak at C5.50 (50
mm) with a value of 0.402563. Moving to 1000 Hz, absorption decreases with thicker
materials, and C5.50 exhibits a lower coefficient of 0.173482 compared to thinner options.
For 1500 Hz, C5.30 (30 mm) displays the highest coefficient at 0.168283, indicating superior
absorption at this thickness for this frequency. At 2000 Hz, C5.20 (20 mm) leads with a
coefficient of 0.124623, and the trend of increasing absorption with thickness is inconsistent.
Transitioning to 2500 Hz, coefficients decrease compared to 2000 Hz, and C5.30 has the
highest coefficient at 0.314996. At 3000 Hz, all thickness variations show a coefficient of 0,
signifying no sound absorption. For 3500 Hz, sound absorption coefficients increase from
zero at 3000 Hz, with C5.40 leading at 0.300108. At 4000 Hz, coefficients are generally
lower than at 3500 Hz, and C5.50 has the highest coefficient at 0.116449. At 4500 Hz, there's
no sound absorption for any thickness (coefficient = 0). Finally, at 5000 Hz, sound

absorption coefficients are low, with C5.50 having the highest value at 0.098764. For sample
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CS5 with a 20 mm air gap, sound absorption is influenced by material thickness and sound
frequency. At lower frequencies (500 Hz), thicker materials generally show higher
absorption coefficients. However, this trend does not hold uniformly across all frequencies.
For instance, at 1000 Hz and 2000 Hz, increased thickness does not always correspond to
higher absorption.The absence of sound absorption at 3000 Hz and 4500 Hz for all
thicknesses suggests these frequencies are resonant frequencies where the air gap size
impacts the material's ability to absorb sound.At mid-range frequencies (1500 Hz and 2500
Hz), a medium thickness (C5.30) shows the highest absorption coefficients, while at 3500
Hz, a slightly thicker material (C5.40) is more effective. At the highest frequency tested
(5000 Hz), the absorption is minimal across all thicknesses, although the thickest material

(C5.50) performs slightly better.
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Figure 4.41 Graph of sound coefficient of C5 with 20 mm air gap

4.5.5.4 Sample CS sound absorption performance with 30 mm air gap

Figure 4.42 shows the graph of sound coefficient of C5 with 30 mm air gap. At 500
Hz, the absorption coefficient rises with thickness, reaching its peak at C5.50 (50 mm) with

a coefficient 0f 0.425566. Moving to 1000 Hz, the absorption coefficient is highest for C5.10
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(10 mm) at 0.214831 and generally decreases as thickness increases. For 1500 Hz,
coefficients vary, with C5.50 having the highest at 0.110661, indicating an inconsistent
relationship between thickness and absorption at this frequency. At 2000 Hz, the highest
coefficient is observed at C5.20 (20 mm) with 0.409134, deviating from the pattern at lower
frequencies. Transitioning to 2500 Hz, coefficients are relatively high, and C5.40 (40 mm)
displays the highest at 0.341471. At 3000 Hz, there is no sound absorption for all thicknesses
(coefficient = 0). For 3500 Hz, sound absorption increases, with the highest coefficient at
C5.40 being 0.295546. At 4000 Hz, C5.50 exhibits the highest absorption with a coefficient
0f 0.133228. At 4500 Hz, no sound absorption is observed across any thickness (coefficient
= 0). Finally, at 5000 Hz, coefficients are low, with C5.50 having the highest at 0.089764.
For sample C5 with a 30 mm air gap, there is no simple linear relationship between material
thickness and sound absorption. Instead, different thicknesses show varying degrees of
effectiveness at different frequencies. At lower frequencies (500 Hz), the thickest material
(C5.50) provides the highest absorption. At mid-frequencies (1000 Hz and 1500 Hz), the
pattern is less predictable, with thinner materials sometimes showing higher coefficients.The
complete lack of absorption at 3000 Hz and 4500 Hz for all thicknesses suggests that these
frequencies might correspond to resonant conditions created by the air gap where the
material does not dampen sound effectively.The data suggests that material selection for
sound insulation with a 30 mm air gap should be based on the specific frequencies of interest,
as different thicknesses may be more effective for different frequency ranges. No single

thickness provides the best performance across all frequencies.
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Figure 4.42 Graph of sound coefficient of C5 with 30 mm air gap

4.5.6 Sample F

This experiment will start with the concrete being reinforced with polystyrene foam
and the samples were made with different thickness, starting from 10 mm to 50 mm and it
will be carried out with no gap, 10 mm air gap, 20 mm air gap and 30 mm air gap. This

sample is considered as control sample.

4.5.6.1 Sample F sound absorption performance without air gap

Figure 4.43 shows the graph of sound coefficient of F with no air gap. At 500 Hz,
the absorption coefficient generally rises with thickness, peaking at F.50 (50 mm) with a
coefficient of 0.375208. Moving to 1000 Hz, the trend continues, with the highest absorption
at F.30 (30 mm) at 0.390648, but slightly decreases for F.40 and F.50. For 1500 Hz,
absorption coefficients are highest for F.20 (20 mm) at 0.117743 and decrease with
increasing material thickness. At 2000 Hz, the trend is not consistent, as F.20 shows the
highest coefficient at 0.168014. Transitioning to 2500 Hz, coefficients decrease with

increasing material thickness, and the highest absorption at F.10 (10 mm) is 0.150517. At
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3000 Hz, no sound absorption is observed for any thickness (coefficient = 0). For 3500 Hz,
sound absorption increases from zero at 3000 Hz, with the highest coefficient at F.40 (40
mm) being 0.142073. At 4000 Hz, absorption coefficients are somewhat consistent across
thicknesses, with a slight peak at F.10. At 4500 Hz, there's no sound absorption (coefficient
= 0) for all thicknesses. Finally, at 5000 Hz, absorption coefficients are low, with F.50
showing the highest value at 0.043471. For sample F without an air gap, the relationship
between material thickness and sound absorption is complex and varies with frequency. At
lower frequencies (500 Hz to 1000 Hz), the absorption tends to increase with thickness, but
this trend does not hold consistently at mid-frequencies (1500 Hz to 2500 Hz) where thinner
materials sometimes show higher absorption.The absence of sound absorption at 3000 Hz
and 4500 Hz across all thicknesses might suggest that these frequencies correspond to
resonant frequencies where the material properties do not allow for effective sound
damping.At higher frequencies (3500 Hz and 4000 Hz), the absorption is not significantly
affected by thickness. At the highest tested frequency (5000 Hz), absorption is minimal

across all thicknesses.
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Figure 4.43 Graph of sound coefficient of F with no air gap
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4.5.6.2 Sample F sound absorption performance with 10 mm air gap

Figure 4.44 shows the graph of sound coefficient of F with 10 mm air gap. At 500
Hz, the absorption coefficient lacks a clear trend with material thickness, displaying a range
of values with the lowest at F.30 and the highest at F.10. Moving to 1000 Hz, coefficients
vary, and F.30 exhibits the highest absorption at 0.212449. For 1500 Hz, there's a general
increase in absorption with thickness, peaking at F.30 with a coefficient of 0.374185. At
2000 Hz, coefficients again rise with increased thickness, with F.50 showing the highest
coefficient at 0.336304. Transitioning to 2500 Hz, the absorption coefficient decreases as
material thickness increases, and F.10 has the highest at 0.347344. At 3000 Hz, no sound
absorption is observed for any thickness (coefficient = 0). For 3500 Hz, sound absorption
increases from zero, with F.10 and F.40 having similar higher coefficients. At 4000 Hz,
absorption coefficients are lower than at 3500 Hz, and F.40 shows the highest coefficient at
0.188093. At 4500 Hz, no sound absorption is recorded (coefficient = 0) for all thicknesses.
Finally, at 5000 Hz, absorption coefficients are low, with the highest at F.50 being 0.136819.
For sample F with a 10 mm air gap, the absorption coefficient varies significantly with
frequency and material thickness. At lower frequencies (500 Hz and 1000 Hz), there is no
consistent trend relating material thickness to absorption. In the mid-frequency range (1500
Hz to 2000 Hz), thicker materials tend to have higher coefficients, suggesting better
absorption with increased thickness.The absence of sound absorption at 3000 Hz and 4500
Hz suggests these frequencies may be resonant frequencies where the material and air gap
combination is not effective for sound insulation. At higher frequencies (3500 Hz and 4000
Hz), the absorption is affected by thickness but not in a linear fashion. At the highest tested
frequency (5000 Hz), absorption is minimal, although the thickest material (F.50) performs
slightly better.
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Figure 4.44 Graph of sound coefficient of F with 10 mm air gap

4.5.6.3 Sample F sound absorption performance with 20 mm air gap

Figure 4.45 shows the graph of sound coefficient of F with 20 mm air gap. At 500
Hz, the absorption coefficient generally rises with thickness, reaching its peak at F.50 (50
mm) with a value of 0.261891. Progressing to 1000 Hz, the trend is less clear, with the
highest coefficient at F.30 (30 mm) being 0.223651. For 1500 Hz, there's a peak in
absorption again at F.30, with a coefficient of 0.332507. At 2000 Hz, absorption coefficients
remain high across thicknesses, with F.30 having the highest at 0.366581. Transitioning to
2500 Hz, coefficients are somewhat lower than at 2000 Hz but still relatively high, and F.30
shows the highest at 0.340149. At 3000 Hz, no sound absorption is detected for any thickness
(coefficient = 0). For 3500 Hz, sound absorption increases from zero at 3000 Hz, with F.40
(40 mm) displaying the highest coefficient at 0.208941. At 4000 Hz, coefficients decrease
compared to 3500 Hz, with F.40 having the highest at 0.220383. At 4500 Hz, there's no
sound absorption (coefficient = 0) for all thicknesses. Finally, at 5000 Hz, sound absorption
coefficients are low, with F.30 having the highest value at 0.113556. For sample F with a 20

mm air gap, the absorption characteristics are variable and depend on both material thickness
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and frequency. In the lower frequencies (500 Hz to 2500 Hz), increased material thickness
tends to correlate with higher absorption, with F.30 often having the highest coefficients.
However, this trend is not uniform across all frequencies. The lack of absorption at 3000 Hz
and 4500 Hz suggests these may be resonant frequencies where the material is ineffective at
sound damping due to the air gap's influence. At mid-to-high frequencies (3500 Hz and 4000
Hz), F.40 shows the highest absorption coefficients. At the highest frequency tested (5000
Hz), F.30 provides the most absorption, although the coefficients are quite low across all
thicknesses. The data indicates that for sound insulation applications involving a 20 mm air

gap, a targeted choice of material thickness based on the frequency of interest is necessary.
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Figure 4.45 Graph of sound coefficient of F with 20 mm air gap

4.5.6.4 Sample F sound absorption performance with 30 mm air gap

Figure 4.46 shows the graph of sound coefficient of F with 30 mm air gap. At 500
Hz, the absorption coefficient peaks at F.10 (10 mm) with 0.261891 and decreases with
increasing thickness. Progressing to 1000 Hz, the absorption coefficient lacks consistency
with thickness, but F.50 (50 mm) has the highest value at 0.177141. For 1500 Hz,

coefficients increase with thickness up to F.30 (30 mm) and then slightly decrease for thicker
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samples. At 2000 Hz, F.50 shows the highest absorption coefficient at 0.335292, indicating
improved absorption with increased thickness. Moving to 2500 Hz, coefficients decrease as
material thickness increases, and F.10 has the highest at 0.286955. At 3000 Hz, no sound
absorption is observed for any thickness (coefficient = 0). For 3500 Hz, absorption
coefficients are fairly even across different thicknesses, with a slight peak at F.10. At 4000
Hz, coefficients decrease compared to 3500 Hz, with the highest absorption still at F.10 (10
mm). At 4500 Hz, there's no sound absorption (coefficient = 0) for all thicknesses. Finally,
at 5000 Hz, sound absorption coefficients are low, with F.50 showing the highest value at
0.132066. For sample F with a 30 mm air gap, the absorption coefficient shows variability
dependent on both material thickness and the frequency of the sound. At lower frequencies
(500 Hz), the thinnest material (F.10) has the highest absorption coefficient. However, at
1000 Hz and 1500 Hz, the relationship between thickness and absorption is not linear, with
the thickest material (F.50) showing the highest absorption at 1000 Hz and F.30 at 1500 Hz.
The absence of sound absorption at 3000 Hz and 4500 Hz across all thicknesses might
suggest these frequencies are resonant, where the material and air gap combination does not
dampen sound effectively. At mid-to-high frequencies (3500 Hz and 4000 Hz), the
absorption is relatively uniform across thicknesses, with a slight preference for thinner
materials. At the highest frequency tested (5000 Hz), the thickest material (F.50) has a

slightly higher coefficient, although the overall absorption remains low.
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Figure 4.46 Graph of sound coefficient of F with 30 mm air gap

4.5.7 Sample C

This experiment will start with the pure cement and the samples were made with
different thickness, starting from 10 mm to 50 mm and it will be carried out with no gap, 10

mm air gap, 20 mm air gap and 30 mm air gap. This sample is considered as control sample.

4.5.7.1 Sample C sound absorption performance without air gap

Figure 4.47 shows the graph of sound coefficient of C with no air gap. At 500 Hz,
the absorption coefficient exhibits an inconsistent trend with varying thickness, peaking at
C.50 (50 mm) with a value of 0.36625. Moving to 1000 Hz, there's a peak for C.40 (40 mm)
at 0.286657, but this doesn't follow a clear trend related to thickness. For 1500 Hz, the
absorption coefficient is highest for C.20 (20 mm) at 0.306878 and doesn't uniformly
increase with thickness. At 2000 Hz, C.50 shows the highest coefficient at 0.265273,
indicating better absorption with increased thickness. Transitioning to 2500 Hz, coefficients

decrease as material thickness increases, and C.10 has the highest at 0.096642. At 3000 Hz,
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no sound absorption is detected across all thicknesses at this frequency (coefficient = 0). For
3500 Hz, sound absorption coefficients are higher, with C.20 showing the highest coefficient
at 0.263603. At 4000 Hz, coefficients are relatively consistent across thicknesses, with a
slight peak at C.20. At 4500 Hz, there's no sound absorption (coefficient = 0) at this
frequency for all thicknesses. Finally, at 5000 Hz, absorption coefficients are generally low,
with C.30 having the highest value at 0.201505. For sample C without an air gap, the
absorption coefficients vary with frequency and material thickness, without displaying a
consistent pattern. At lower frequencies (500 Hz and 1000 Hz), increased material thickness
does not consistently result in higher absorption. At mid-frequencies (1500 Hz and 2000
Hz), we observe peaks in absorption that do not correspond with the thickest material. The
complete absence of sound absorption at 3000 Hz and 4500 Hz across all thicknesses
suggests that these frequencies are resonant, where the material is ineffective at dampening
sound. At higher frequencies (3500 Hz and 4000 Hz), the absorption coefficients are not
significantly affected by thickness. At the highest tested frequency (5000 Hz), absorption is

minimal, although C.30 (30 mm) shows a relatively higher coefficient.
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4.5.7.2 Sample C sound absorption performance with 10 mm air gap

Figure 4.48 shows the graph of sound coefficient of C 10 mm air gap. At 500 Hz,
the absorption coefficient peaks at C.50 (50 mm) with a value of 0.317615 and generally
decreases as the thickness decreases. Moving to 1000 Hz, C.50 again has the highest
coefficient at 0.42797, indicating superior absorption at this thickness. For 1500 Hz, the
absorption coefficient peaks at C.20 (20 mm) with 0.483564, revealing an irregular pattern
relative to thickness. At 2000 Hz, C.20 maintains the highest absorption coefficient at this
frequency with 0.494811. Transitioning to 2500 Hz, the coefficients are relatively high
across all thicknesses, and C.40 (40 mm) has the highest at 0.365072. At 3000 Hz, there is
no absorption across all thicknesses at this frequency, indicated by coefficients of 0. For
3500 Hz, the coefficients show a diverse pattern, with C.40 displaying the highest
coefficient at 0.249692. At 4000 Hz, coefficients are relatively even across thicknesses,
with a slight increase for C.30 (30 mm). For 4500 Hz, no sound absorption is detected at
this frequency for any thickness, as indicated by coefficients of 0. Finally, at 5000 Hz, the
highest absorption coefficient is at C.30 with 0.126688. For sample C with a 10 mm air
gap, the absorption coefficients display a complex relationship with both frequency and
material thickness. At lower frequencies (500 Hz and 1000 Hz), higher material thickness
tends to correlate with higher absorption. However, at 1500 Hz and 2000 Hz, the
relationship is not linear, with C.20 showing the highest coefficients, suggesting that other
factors may influence the absorption efficiency.The lack of absorption at 3000 Hz and
4500 Hz might be due to resonant frequencies where the combined effect of material
properties and the air gap size fails to attenuate the sound. In the mid-frequency range

(3500 Hz and 4000 Hz), absorption does not significantly vary with thickness, suggesting
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that other factors may play a role in the material's performance. At the highest frequency

tested (5000 Hz), C.30 shows the highest absorption, though overall coefficients are low.
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Figure 4.48 Graph of sound coefficient of C 10 mm air gap

4.5.7.3 Sample C sound absorption performance with 20 mm air gap

Figure 4.49 shows the graph of sound coefficient of C 20 mm air gap.There is an
anomalous value at the frequency of 2750 Hz, which seems unusually high and out of the
typical range for sound absorption coefficients, indicating a possible error or a different scale
that does not match the rest of the data. At 500 Hz, the absorption coefficient peaks at C.50
(50 mm) with a value of 0.349016 and decreases as the thickness decreases. Moving to 1000
Hz, C.30 (30 mm) exhibits the highest coefficient at 0.409124, suggesting better absorption
with this thickness at this frequency. For 1500 Hz, C.30 maintains the highest absorption
coefficient at this frequency with 0.440335. At 2000 Hz, coefficients are relatively high
across all thicknesses, and C.20 (20 mm) leads with the highest at 0.48018. Transitioning to
2500 Hz, C.30 shows the highest coefficient at 0.364177. At 3000 Hz, no sound absorption
is detected across all thicknesses at this frequency, indicated by coefficients of 0. For 3500

Hz, absorption coefficients are more varied, with C.30 having the highest coefficient at
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0.264011. At 4000 Hz, coefficients are fairly consistent across thicknesses, with a slight
increase for C.30 at 0.237127. For 4500 Hz, there is no sound absorption at this frequency
for any thickness, as indicated by coefficients of 0. Finally, at 5000 Hz, absorption
coefficients are low, with C.30 having the highest value at 0.137383. Regarding 2750 Hz,
the values listed are anomalously high and likely represent a data entry error or a different
unit of measurement not consistent with the sound absorption coefficient scale used for the
other frequencies. For sample C with a 20 mm air gap, the absorption coefficients show
considerable variation with frequency and material thickness. Generally, C.30 (30 mm)
seems to provide the highest absorption across a range of frequencies, particularly in the
mid-frequency range (1000 Hz to 2500 Hz). The absence of absorption at 3000 Hz and 4500
Hz could indicate resonant frequencies where the material and air gap combination is
ineffective for sound insulation. At higher frequencies (3500 Hz and 4000 Hz), the
absorption doesn't vary much with thickness, suggesting that factors other than thickness are
influencing the sound absorption properties of the material. At the highest tested frequency
(5000 Hz), the absorption is minimal, although C.30 shows the highest coefficient among
the tested thicknesses. The values at 2750 Hz should be disregarded or reevaluated, as they
do not seem to correlate with the expected range for sound absorption coefficients. The data
suggests that C.30 is generally the most effective thickness for sound absorption with a 20

mm air gap across the tested frequencies.
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4.5.7.4 Sample C sound absorption performance with 30 mm air gap

Figure 4.50 shows the graph of sound coefficient of C 30 mm air gap. At 500 Hz,
the highest absorption coefficient is observed at C.50 (50 mm) with 0.37981, suggesting that
thicker materials absorb more sound at lower frequencies. Progressing to 1000 Hz, there's a
peak at C.40 (40 mm) with 0.454991, indicating that this thickness is most effective at
absorbing sound at this frequency. For 1500 Hz, the coefficients are fairly consistent across
thicknesses, with a slight peak at C.10 (10 mm) with 0.308302. At 2000 Hz, the highest
coefficient is seen at C.20 (20 mm) with 0.490772, revealing an irregular pattern that does
not correlate with material thickness. Moving to 2500 Hz, absorption coefficients decrease
slightly with increased thickness, but not linearly; C.40 has the highest value at 0.308359.
At 3000 Hz, no absorption is detected at this frequency for any thickness, as indicated by
coefficients of 0. For 3500 Hz, absorption coefficients increase from C.10 to C.20 but then
decrease slightly; C.20 has the highest coefficient at 0.247266. At 4000 Hz, the absorption
is not significantly different across the thicknesses, with C.30 showing the highest value at
0.214862. For 4500 Hz, no absorption is detected at this frequency for any thickness, similar
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to the 3000 Hz frequency, as indicated by coefficients of 0. Finally, at 5000 Hz, the highest
absorption coefficient is at C.10 with 0.102255, but overall, absorption is low at this
frequency. For sample C with a 30 mm air gap, the sound absorption properties vary with
both frequency and material thickness. At lower frequencies (500 Hz), the thicker materials
tend to absorb more sound, while at mid-frequencies (1000 Hz and 1500 Hz), there isn't a
clear trend correlating thickness to absorption.There's a notable peak in absorption for C.20
at 2000 Hz, suggesting an optimal thickness for absorption at this frequency. However, the
overall trend is non-linear, with no single thickness consistently outperforming others across
the frequency range. The absence of absorption at 3000 Hz and 4500 Hz suggests these are

resonant frequencies for the material-air gap combination, where sound is not effectively

absorbed.
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4.6 Summary of performance of sound absorption of kenaf core concrete

The sound absorption testing for the samples C, F, C1 through C5 presents an intricate
set of results that demonstrate the variability of sound absorption coefficients across different

material types and thicknesses, along with variations in air gap sizes.
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Sample C exhibited varying absorption performance across the frequency spectrum.
Thicker materials demonstrated improved absorption at lower frequencies, but the
performance became less predictable at mid to high frequencies. Notably, there was no sound

absorption observed at 3000 Hz and 4500 Hz for any thickness.

Similarly, Sample F displayed variable absorption coefficients with no absorption
at certain frequencies. The data suggests that the material properties of F, combined with the
air gap size, influence its performance, particularly at mid-range frequencies where specific

thicknesses perform better than others.

The results for Sample C1 indicated that thicker materials were more effective at lower
frequencies, but the effectiveness was not directly proportional to thickness at higher

frequencies. The performance across frequencies was notably inconsistent.

Sample C2's absorption coefficients varied with frequency, showing a trend where
certain mid-range thicknesses had better absorption capabilities at specific frequencies. Like

the other samples, C2 showed no absorption at 3000 Hz and 4500 Hz.

Sample C3 demonstrated peak absorption at certain mid-frequencies, with specific
thicknesses showing higher efficiency. The non-linear pattern suggests that optimal sound

absorption for C3 is highly frequency-specific.

C4 displayed a complex relationship between thickness and absorption, with some mid-

range thicknesses outperforming others at different frequencies. The lack of a clear trend
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underscores the importance of matching material properties to the specific sound frequencies

that need attenuation.

The performance of C5 across the frequency range was also complex, with no single
thickness universally standing out as the most effective. Instead, certain thicknesses were
more suited to specific frequencies, emphasizing the need for a tailored approach to sound

insulation.

In summary, the sound testing data across all samples indicates that sound absorption is
influenced by a combination of material thickness, air gap size, and sound frequency. Lower
frequencies generally require thicker materials for effective absorption, while at higher
frequencies, the trend is less clear and more dependent on specific material and frequency
characteristics. The presence of a non-absorptive response at particular frequencies suggests
resonance points where materials are ineffective at sound dampening. Each sample presents
a unique profile, emphasizing the importance of carefully matching materials to the acoustic
profile of the space and specific sound frequencies that need management. This data can be
instrumental in guiding the design of acoustically optimized environments, whether for
residential, commercial, or industrial applications.

4.7  The Best Composite Composition for Sound Absorption

The best composite composition for sound absorption is sample C3 and C5 since they
often showed higher absorption peaks at multiple points in the frequency spectrum compared
to the others. For instance, sample C3 generally displayed higher absorption coefficients at
mid-range frequencies, which are often the most problematic in acoustic treatments. Sample
C5 also showed notable absorption in the mid-frequency range but with slightly lower

coefficients than C3.Therefore, if the goal is to reduce sound across a broad range of
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frequencies, particularly in the mid-frequency area, samples C3 or C5 might be the best
starting points based on the data available. Figure 4.45 shows the samples of C3 and C5.
Based on the data provided for samples C3 and C5, the best thicknesses for sound absorption
vary with the frequency range in question. If we are to select a single thickness that performs
consistently well across different frequencies, for sample C3, a 30 mm thickness seems to
be the most effective. It shows higher sound absorption coefficients at several key frequency
points compared to other thicknesses, which suggests that it strikes a good balance between

mass and the ability to dampen sound waves.

Similarly, for sample C5, the 30 mm thickness also stands out as providing a consistently
higher sound absorption coefficient across the tested frequency spectrum. Although the
performance of different thicknesses can vary with specific frequencies, the 30 mm thick
material appears to offer a versatile and effective solution for a wide range of frequencies.
Therefore, if one were to choose the best composition for sound absorption from the
provided options, C3 and C5 with a 30 mm thickness would be recommended based on their
overall strong performance. This suggests that these compositions could provide a good level
of sound damping for a variety of applications, particularly where mid-frequency sound

absorption is desired.
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(a) (b)
Figure 4.51 The best samples for sound absorption (a) 30 mm thickness of C5 (b) 30 mm
thickness of C3

4.8 Summary

After all the related literature by past research has been reviewed, it can be
summarized that kenaf fibre has an enormous potential to be a raw material that replaces the
current synthetic material. It has been experimentally proven and maintains good sound and
great mechanical strength. The use of replacing synthetic with natural materials to protect
our climate without abandoning our health concerns. Kenaf fibre has a high potential to solve
this problem because it has very low toxicity. It is also interesting to find out that natural

kenaf fibre shows better improvement in acoustics and mechanical properties

For the mechanical test the samples, the overall best ratio that gives well performance
towards each testing is sample 20 mm kenaf core (C5) and concrete. This is because the
small size of kenaf core gives more interfacial bonding of the composites when mixing with
the concrete. Furthermore, when compared with the control samples, this ratio considered as
potential application in concrete in replacing other materials because of the high performance

in flexural and compression strength.
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As for the acoustic test, the sample’s sound absorption coefficient with different
thickness of 10 mm, 20 mm, 30 mm, 40 mm and 50 mm thickness were observed using
impedence tube testing. There were three types of sound wave frequency produced which is
low frequency with a range of 0 to 1000 Hz and it is represent with redline, medium
frequency with a range of 1200 Hz to 2400 Hz represent with green line and high frequency
with a range of 2500 Hz to 5000 represent with the blue line. Figure 4.46 shows the
illustration of sound absorption of the sample with the thickness of 30 mm. It is
experimentally proven that natural fibre is a better sound absorber than synthetic material.
Sample C5 with 30 mm thickness and C3 with 30 mm thickness shows better results than C
and F which is pure cement and polystyrene f00.314966am respectively. Sample C5.30
shows a sound coefficient of 0.334663 at 500 Hz, 0.314199 at 2000 Hz and 0.314966 at 2500
Hz in low, medium and high frequency meanwhile C3.30 shows a sound coefficient of
0.405105 at 500 Hz, 0.313739 at 2000 Hz and 0.313739 at 2500 Hz an this is the value when
there is no air gap. In summary, at the lower frequency of 500 Hz, C3 shows a substantial
improvement over C with a 34.75% increase in the sound absorption coefficient. C5 also
shows improvement but to a lesser extent, with an 11.32% increase. At the mid and higher
frequencies of 2000 Hz and 2500 Hz, both C3 and C5 do not show an improvement over F;
in fact, there's a slight decrease in performance at 2000 Hz. However, at 2500 Hz, both
compositions show an increase over F, with C5 showing a slightly higher percentage

improvement than C3.
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Figure 4.52 Illustration of sound absorption of the sample with a 30 mm thickness sample.

The expected result that can be determined from this research is the best kenaf core size with
a good sound absorption. When selecting the best kenaf core size for an acoustical panel in
concrete, the specific dimensions provided can be considered which are 10 mm, 20 mm, 30
mm , 20 mesh and 40 mesh. A kenaf core size of 10 mm would provide a relatively fine
texture. It may offer moderate sound absorption properties, especially for high-frequency
sounds. This size is suitable if the environment has limited space or if the panel is designed
to be compact. With a slightly larger kenaf core size of 20 mm, it can improve sound
absorption compared to the 10 mm. This size may strike a balance between acoustic
performance and panel thickness, making it suitable for various applications. A kenaf core
size of 30 mm would offer further enhanced sound absorption properties compared to the
previous sizes It allows for more kenaf material in the panel, which can improve low-
frequency sound absorption. This size is expected to be ideal. Similar to the 20 mesh, 40
mesh refers to a finer particle size distribution. It is likely to provide improved acoustic
performance compared to coarser options, especially in terms of high-frequency sound

absorption. So, the expected result is the 30 mm size will be the most suitable
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

This study presents an over of kenaf fibre’s potential to be the raw material that can replace
the existing polystyrene foam reinforced concrete. The reinforcement used was kenaf fibre with a
constant of 300 g in all the samples but the thickness of the samples are from a range of 10 mm
thickness to 50 mm thickness. The first objective is to fabricate the acoustical panel made from
different size of kenaf core with cement using 3d printing mould. The following is a summary of

conclusions:

a) The five different kenaf core size were successfully fabricated by using a 3D printing

machine.

b)  Each samples have same ratios of kenaf core and concrete with different sizing of kenaf

core.

This research’s second objective was to investigate the composite composition for acoustic and

mechanical performance. The significant conclusion for this objective as belows :

a) From the overall compressive strength performance analysis, while cement (C) has the
highest performance in compression tests, the reinforced samples like C5 show
considerable improvements with a compressive strength of 0.44 M over the foam
sample (F) since C5 has over 131.58% improvement in strength compared to Foam at

30 mm thickness
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b)

d)

From the overall flexural performance analysis, C3 shows a significant improvement
over Foam with a flexural strength of 2.84 MPa (F), being 178.43% stronger in flexural

strength at 30 mm thickness

From the overall sound absorption performance, the best size of kenaf core is C5 for
lower frequency which is at 500 Hz it has the peak sound coefficient of 0.388719 which

is 27.75% better than polystyrene foam at no air gap

From the overall sound absorption performance, the best size of kenaf core is C3 for
mid-range frequency which is at 1500 Hz it has the peak sound coefficient of 0.290442.

which is 37.75% better than polystyrene foam at no air gap.

This research’s third objective was to propose the best composite size for optimum

performance that best for acoustical panel. The following points emerged from the present

investigation.

b)

The kenaf core size of 20 mm (C5) is the best based on sound absorption performance

and mechanical strength performance

Kenaf core sized of 20 mm (C5) and 10 mm (C3) shows the best performance for sound

absorption with 30 mm thickness

Kenaf core sized of 20 mm (C5) shows the best performance for mechanical strength

performance
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d)  The evidence from this study suggests that kenaf fibre can replace the current concrete

that is mixed wit polystyrene foam.

5.2 Recommendations

This research has thrown up many questions in need for further investigations related to this
field of study. Hence, there are few recommendations suggestions for upcoming research.

The following are recommendations proposed;

a)  The fabrication process, which is the development of the sample, need to be
improved by changing the method of mixing the concrete and kenaf core , drying

method, curing process for further investigation.

b) The experimental testing for sound absorption test was suggested for further

studies

c) Study on the behaviour of different temperature towards the performance

acoustic panel

5.3 Sustainability Element

Sustainability is the capacity to meet the current demands without undermining future
generation’s ability to meet their own needs. Sustainability is critical in our everyday lives.

Sustainable development has involved the redistribution of the product to the atmosphere
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during the creation of the product and resource extraction until the end of the product life
cycle. The fabricated composite material can indeed be viewed as a sustainable commodity
due to the easy-to-access manufacturing material factor, the decrease in the amount of matrix

used, and the improvement in cost efficiency.

One of the factors to be considered is that the manufacturing material was easily
reachable. Kenaf core was easily accessible since the kenaf plant became a commercial plant
promoted by the Malaysian government to replace the tobacco plantation. As a result, the
kenaf core used as reinforcement has wholly fulfilled the principle of sustainability due to
its simple accessibility. Besides the ease of kenaf core availability, promoting nationally
generated natural fibre in product development may also lead to a better future by boosting
the country’s economy. When the kenaf core itself is manufactured locally; the price is lower

than the other natural fibres.

Another factor will be that fabricated composite material may also be classified as a
green product. The explanation beyond it would be the volume of the kenaf core used, and
polyester fibre was1:3. With the kenaf core used as a reinforcement for concrete, the amount
of polyester fibre as a matrix required for composite manufacturing can be decreased, and
the amount of waste produced for the environment and landfill can be reduced. Besides, the
fabricated component’s cost can be reduced by minimizing the amount of matrix used in the

manufacture of the product.

In a nutshell, kenaf core as reinforcement for the development of kenaf core concrete was a

sustainable product because of the ease of the kenaf core can be obtained. The ratio of the
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kenaf core used was 1:3 in the fabrication composite and the higher cost was more effective

due to its sustainability and properties than commercializing the product.

54 Commercial Value and Potential

These findings provide the following insights for future research development of
panel application. The reason for using only kenaf core and concrete is to produce an eco-
friendly product that has a best fire test performance but low in cost. Kenaf fiber is accesible
and can be found locally, and the fiber show high potential for fire resistance panel
application development since they excel in fire performance test. Kenaf fiber can also
reduce the manufacturing process costs as the synthetic material cost becomes higher and
higher due to the market demand. The only drawbacks are that it lacks a lightweight
compared to polystrene, but kenaf fiber is an environmentally friendly material. They are
also biodegradable and takes only about four to six months to decay while the polystrene is
a non-biodegradable material that will take up to 500 years to degrade that will only end up

as a pile waste before it can decompose.

5.5 Research Achievement

This research focuses specifically on the development of kenaf core concrete, A memory
token is taken and shown in Figure 5.2. The accomplishment that have been accomplished

by this research include:
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a) Gold Award Winner for participant in ITEX 2023 on 11-12 May 2023 held at

KLCC, Malaysia

Figure 5.1 Memory of ITEX 2023
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