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Fibre-reinforced concrete (FRC) is a special concrete incorporated with fibre
that can replace reinforced concrete for utilising in structural applications. FRC
with plastic waste fibre is introduced in construction to resolve the corrosion
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1. Introduction

For the waste bottle which collected from the mineral water bottle is made of polyethylene
terephthalate material. Waste bottle disposal is a known environmental problem faced by
all countries in the world now and in the future. This is because the waste bottle is difficult
to decompose and not easy to find a landfill site to dump all waste. The waste bottle in the
area of dumpsite produced soil pollution, air pollution, water and groundwater pollution
and harmful chemical components. Yong et al. [1] reported that the waste product in
Malaysia must be managed and organised to ensure the environmental and economic
issues can be resolved properly and noted that the waste product with more than 80% was
disposed of at dumpsites. Awoyera et al. [2] discussed the effect that occurred due to a high
percentage of plastic waste disposal such as drainage blockage which causes the breeding
of mosquitoes that are aware of carrying a variety of dangerous diseases and also causes
property damage as a result of the massive floods. Yong et al. [1] mentioned about the
percentage of solid waste disposal by separating them into 45% of food and organic waste,
13% of plastics, 12% of diapers, 9% of paper and 6% of garden waste. Liang et al. 3] stated
that the quantities of plastic waste in industrial solid waste were determined of 42 million
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tonnes (Mt) and municipal solid waste of 79 Mt in the Asia region and reported total waste
plastic in Malaysia for the years 2016, 2017 and 2018 were 2.45 Mt, 2.60 Mt and 2.65 Mt,
respectively. Besides, Khoo et al. [4] recorded that the improper waste management of
plastic waste, especially during the coronavirus disease (COVID-19) pandemic resulted in
an unexpected surge of plastic waste which influenced human health and environmental
impact. Plastic waste is disposed of in landfills (40%), disposed of in incinerators
approximately (25%), recycled (16%) and left into the environment without any process
(19%) [4].

Therefore, the waste bottle can be resolved technically similar to other waste products by
going through the 3R process (Reduce, Reuse and Recycle) but reduce and reuse activity
are classified as an impossible way for solving the limited dumping area availability.
Undoubtedly, the recycling process is a determinant of a better future to reduce pollution
and environmental impact that generally could change the world landscape and affect the
lives of future generations. The recycling activity is necessary to reduce air pollution due
to open burning, waste dumped into landfills, river and sea pollution due to widespread
waste disposal and odour pollution due to unsystematic waste management. Recycling
activity also is simple, time and energy-consuming practice that can reduce the utilisation
of new resources to make new materials for producing consumer products which are
harmless to human health. Khatab et al. [5] stated that plastic waste is split into two
categories which are recognised as thermoplastic and thermosetting plastic.
Thermoplastic is formed by melting with the heat process and hardening with the cooling
process; however, thermosetting plastic cannot melt through the heating process [5].
Examples of thermoplastics include polyethylene terephthalate (PET), polypropylene,
high-density polyethylene and polystyrene. Examples of thermosetting plastic are
melamine, epoxy resin, polyurethane, silicone, phenolic and unsaturated polyester [5].
Ullah Khan and Ayub [6] stated that PET is used broadly in the world because of its
properties such as high strength, thermal endurance, chemical endurance, high strength
and damage resistance.

Fibre-reinforced concrete (FRC) is categorised as a special concrete added with fibre and
the amount of fibre is referred to as the percentage of overall volume or weight of the
concrete. Special concrete with outstanding availability and versatility could reduce the
cost, especially in production, material and maintenance and also energy consumption.
Additionally, reinforced steel bar in concrete is known in construction activity as having
high costs in material production and maintenance. Sometimes, the FRC is also recognised
as a composite material with the presence of fibre to increase the structural integrity such
as durability, fatigue and deformation aspect. There are a lot of advantages of fibre in
concrete such as cracking control, shrinkage control, water permeability reduction,
strength improvement, segregation and bleeding reduction and shear capacity increment.
Borg et al. [7] mentioned about fibre is not only able to reduce cracking due to shrinkage
but affected the service period and also the aesthetics of the structure. The addition of fibre
especially polymer or plastic to concrete has been investigated to alleviate structural
failure or difficulties such as fractures produced by drying and hydraulic retraction
(plastic) [8]. The fibre in concrete has existed in different shapes, sizes, lengths and origin
materials for instance steel, carbon, glass, natural and synthetic fibre. Nowadays, FRC is
becoming popular for adding in concrete in order to reduce the time of construction and
cost of production, maintenance and labour and in applications such as pavement, tunnel
lining, slope stabilisation, wall and heavy structure. FRC is suitable to classify into three
large groups namely; natural fibre, industrial fibre and synthetic fibre. The selection of the
fibre in concrete is depended on the application, design and suitability, for example, steel
fibre is not appropriately used at offshore or adjacent to extreme chemical activity.
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Fibres are observed in flat and circular conditions and verified their capability by using the
aspect ratio (length to diameter ratio) of fibre. FRC can replace the traditional method for
concreting the structural element which is known as reinforced concrete by using a steel
bar in the concrete. In general, the concrete without reinforced is exposed to large cracks
or fractures so the fibre in concrete is proposed as a role to form together to reduce cracks
and increased the toughness. Furthermore, the utilisation of fibre in concrete which reacts
as reinforcement is a technique to recycle and reuse the waste product for producing
better strength. Fibre chosen from the waste product is more practical either from the
construction site, residential, agricultural or industrial which produced a lot of
environmental problems and incurred high costs to disposal or dumping. Industrial waste
which is normally obtained from processing, manufacturing, packaging and engineering
activity. The proper approach of handling all wastes is required to minimise the negative
impacts on society, the economy and the environment. From the observation, the
residential and construction activity which in parallel with the increasing of human
population, urbanisation and economic development had generated major waste products
in Malaysia. The waste bottle is one of the waste products from the residential. Plastic is
the world’s third largest waste product source and is collected from plastic bags, bottles,
and plastic straws [9]. Chen et al. [9] reported that plastic waste contains bisphenols A
(BPA), heavy metals, phthalates and flame retardants which caused the environmental
problem and human health abnormalities issue. Ncube et al. [10] reported that plastic is a
polymer group material with versatile, low cost and unique properties and is used in food
packaging which protected the food from the physical, chemical and biological factors. The
fibre in concrete is one of the most significant ways for modifying the brittleness of normal
concrete and strengthening the concrete [11].

2. Waste PET Fibre in Concrete

The waste bottle is used in concrete either by replacement or added in such as fibre and
fine aggregate. The waste bottle is utilised in normal concrete or special concrete. There
are many studies on the waste bottle fibre in special concrete for example high strength
concrete [12], self-compacting concrete [13], recycled aggregate concrete [14] and ultra-
high-performance green concrete [15]. There are many studies on waste bottles as fine
aggregate by Fakoor and Nematzadeh [16], Nematzadeh et al. [17], Noroozi et al. [18] and
Colak et al. [19]. Besides, many researchers have discussed the combination of waste
plastic fibre with other waste materials as replacing traditional material or as an additive.
Bui et al. [14] combined the waste PET fibre with woven plastic sack waste and silica fume.
Awoyera et al. [2] studied the waste PET fibre with recycled ceramic tile waste as the sand
replacement and other combinations for instance palm oil fuel ash as cement replacement
[15]. Many researchers have studied waste plastic fibre in concrete with a variety of plastic
origins, dimensions, shapes and aspect ratios. Ganesh Prabhu et al. [20] reported studying
the utilisation of waste PET fibre with the proportion of 0.5%, 1.0% and 1.5% of the weight
of fine aggregate and with a different aspect ratio of 17, 33 and 50, respectively. Faisal et
al. [21] recorded the result of the flexural toughness index of concrete with waste PET fibre
in ring-shaped with a width of 5 mm is 23.1% and 10 mm is 39.9% of percentage
increment. Usmani and Abdul Awal [22] mentioned about the experimental activity of
concrete incorporated with waste PET fibre through a variety of fibre lengths of 10 mm,
20 mm and 30 mm and fibre volume of 0.5%, 1.0% and 1.5%, respectively, for hardened
concrete testing of splitting tensile, compressive and flexural strength, and fresh concrete
testing of density and workability. Aditya Krishna Reddy and Arun Kumar [23] studied the
strength, stiffness, Young’'s modulus and deformation of the waste PET fibre in concrete
with the percentage of cement weight of 0.25%, 0.5% and 0.75% and added
superplasticiser in the concrete mix of 0.8% by cement weight. De Luna and Ahmed Shaikh
[24] noted the experimental activity to determine the anisotropy and bond behaviour of
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waste PET fibre in concrete by using pullout, uni-axial tension and three-point flexural.
Thomas and Moosvi [25] reported that the result of mechanical and fracture properties of
concrete incorporating waste PET fibre of 0.2%, 0.4%, 0.6% and 0.8%, respectively and
blended with ordinary Portland cement and metakaolin. Khalid et al. [26] studied the
result of the pullout and splitting tensile strength behaviour of FRC made with the addition
of waste PET fibre in ring-shaped with widths of 5 mm and 10 mm and compared concrete
with synthetic fibre and concrete with waste wires fibre. The ring-shaped or sometimes
known as circular and hoop-shaped fibre. Adnan and Dawood [27] stated that concrete
with waste PET fibre has shown a decrease in flexural strength but increases the
compression strength with 1.5% and 3% of concrete volume. Borg et al. [7] reported that
the compression strength of FRC with waste PET fibre either in the straight or deformed
condition is reduced by around 0.5% to 8.5% rather than the normal mix and showed that
the fibre length of 30 mm provides a better result as compared with the fibre length of 50
mm. The fibre length is not significantly affected the compression strength of the concrete

[7].

From the analysis of the literature review, the study on FRC with waste PET fibre is
categorised as a study that is still popular nowadays and still ongoing. The size of the waste
PET fibre that is normally used is less than 50 mm of length, less than 5 mm of width and
added in the FRC with below 1% with various of proportions. There is no information on
the previous study which used PET fibre length of more than 50 mm or 100 mm and PET
fibre width of 5 mm. The proportion of waste PET fibre in FRC with various proportions
with additional of 0.2%, 0.25% and 0.5% but there is an inadequate study with an
additional of 0.1%. Additionally, there is no information on added PET fibre in FRC with a
complete percentage from the lowest percentage of 0.1% to the highest percentage of
1.0%. The percentage of PET fibre in FRC is calculated based on weight to the weight of
cement which is classified as very limited. Additionally, the study on the material and
mechanical properties of hoop-shaped PET fibre is still limited and classified as important
to ensure the combination of the fibre in FRC is significant. In general, all studies are started
with compressive strength before continuing with other testing and thus, the compressive
strength data can be considered very important. The main objective of the paper is to
determine the compression strength behaviour of FRC with hoop-shaped waste PET fibre
in different fibre proportions. The second objective is to determine the surface morphology
and mechanical properties of hoop-shaped waste PET fibre before being used in FRC.

3. Specimen Preparation and Experimental Setup

The waste mineral bottle is collected and cleaned from the bottle’s surface by using tap
water. The specimen of the waste PET fibre is cut into 2 shapes; hoop-shaped (double) and
straight (single) shape for the tensile test experiment. The hoop-shaped and straight
(single) with 100 mm of length and 5 mm of width is used. The aspect ratio of the waste
PET fibre is 20. The fibre is collected from the waste mineral bottle with the same shape
and dimension which is chosen only in clear colour and cut accordingly to specific width
as shown in Figure 1. The length of the cutting section is based on the circumference of the
bottle. The mass of one of the hoop-shaped is 0.5 g. Firstly, the waste PET fibre is tested for
determining its surface morphology by using scanning electron microscopy (SEM) and
elemental analysis by energy-dispersive x-ray spectroscopy (EDS) technique. A full
metallurgical procedure is offered by combining SEM and EDS analysis to provide a
thorough chemical composition and elemental investigation.

The traditional materials such as composite Portland cement, natural sand, natural gravel
and water are measured accordingly to the weight after calculating based on the density.
All concrete ingredients are mixed together and the fibre is added into the mixer slowly at
three intervals times to avoid segregation and clotted circumstances. The admixtures
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especially superplasticiser is not used in the study because to obtain only the solid result
of the traditional concrete ingredient with fibres. Concrete with grade 30 and a water-
cement ratio of 0.55 is designed and the waste PET fibre is mixed at 0.1%, 0.2%, 0.3%,
0.4%, 0.5%, 0.6%, 0.7% and 0.8%, respectively, weight to weight of cement. These
proportions are selected based on the study by Thomas and Moosvi [25] which was used
with an increment of 0.2% and the highest percentage of the fibre is 0.8%. The percentage
of the fibre is referred to as the weight of the cement. The mixture with 0% of fibre is
known as the control mix. Three samples are prepared for each mix to make up the total
number of specimens of 27. The description of the mixes is tabulated in Table 1. The
standard procedure that is used and referred to is BS1881-108:1983 for the workability
and water absorption test and BS EN12390-3:2002 for the compression strength test.

Fig. 1 Waste PET fibre

Table 1. The mix of the specimen with different percentages of the fibre

Percentage of the fibresin =~ Weight of the fibres in

No. Specimen the FRC the FRC

1 MO 0% 0

2 M1 0.1% 10g
3 M2 0.2% 20¢g
4 M3 0.3% 30g
5 M4 0.4% 40¢g
6 M5 0.5% 50¢g
7 M6 0.6% 60 g
8 M7 0.7% 70 g
9 M8 0.8% 80 g

The tensile test of the fibre is conducted using a universal testing machine (UTM) loaded
with 100 kN load capacity with 0.5 mm/min. The ultimate load and deformation at the
ultimate load of the fibre are investigated. The resulting stress versus strain graph of the
fibre is analysed. The testing is important for checking the strength due to the bonding
criteria before mixing with other concrete ingredients. The testing of the concrete is
divided into fresh concrete conditions and hardened concrete conditions. For the fresh
concrete condition, the workability test by using the slump test is conducted to obtain the
height of the slump. Whilst, the testing of the hardened concrete condition is separated
into two categories; water absorption test and compression strength of the FRC. The size
of the cube mould of 150 mm x 150 mm x 150 mm is prepared for the compression
strength. The compression strength test is utilised in the compression machine with a
capacity of 2000 kN for determining the ultimate load and compression strength value. The
compression strength test is conducted on samples curing ageing for 7 days (early
strength) and for 28 days (mature strength).
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4., Result and Discussion

The result and discussion of the study are divided into four parts including surface
morphology and elemental analysis of waste PET fibre, mechanical properties of hoop-
shaped waste PET fibre, workability of the FRC in fresh conditions, and water absorption
and compression strength of the FRC in the hardened condition.

4.1 Surface Morphology and Elemental Analysis of Waste PET Fibre

The surface morphology of the waste PET fibre is observed on the flat surface and the
surface of the cut section by using the SEM micrograph. From the SEM micrograph, the
analysis of the various materials for surface and surface fractures due to cut activity is
completely reported by providing a high-resolution image. Whilst, EDS analysis is reported
to provide additional thoughtful of the surface material through the SEM analysis process.
The SEM micrograph on the flat surface of waste PET fibre is recorded to have a smooth
surface, unfluctuating in terms of elevation and without any hilly conditions as shown in
Figure 2(a). Furthermore, the SEM micrograph on the cut section of waste PET fibre is the
smooth conditions on the nearest part of the cut section but the cut section region is stated
to have an irregular condition as shown in Figure 2 (b) and Figure 2 (c). Figure 2 (c) is
illustrated a grainy surface more clearly like a living fungus when compared to Figure 2
(b). This is because there are elements attached before cutting that have been damaged
and caused high friction in that area. This condition is shown that it is very suitable when
combined with other concrete materials and improved the bond with each other, especially
sand and cement. Figure 3 (a) and Figure 3 (b) illustrate the EDS elemental analysis graph
for a flat surface and cut section, respectively. The major element which detected in EDS is
carbon and oxygen for a flat surface and cut section region as tabulated in Table 2. The
percentage difference between the element carbon and oxygen for the flat surface is
54.61% and the cut section is 48.00%. The objective of the surface morphology and
elemental analysis of the waste PET fibre is to ensure the waste PET fibre is appropriate
when combined with other concrete ingredients.

4.2 Mechanical Properties of Hoop-shaped Waste Polyethylene Terephthalate
(PET) Fibre

The ultimate load of the single and double (hoop-shaped) waste PET fibre is 91.773 kN and
236.195 kN, respectively. The result of the mechanical properties of the tensile test is
shown in Figure 4. From the stress and strain graph, the single waste PET fibre obtained a
low value of ultimate stress with 107.97 MPa when compared with double of hoop-shaped
waste PET fibre of 138.94 MPa. The percentage of the difference between single and double
(hoop-shaped) waste PET fibre is 22.29%. The strain of the ultimate load of a single waste
PET fibre is 0.0234 mm/mm and the double of waste PET waste or hoop-shaped is 0.0397
mm/mm. The percentage difference between single and double (hoop-shaped) is e
41.06%. The elastic modulus (E) of the single and double (hoop-shaped) waste PET fibre
is 6.50 GPa and 4.66 GPa, respectively. The elastic modulus of the waste PET fibre with 50
mm of length, 1 mm of diameter and an aspect ratio of 50 is 3.10 GPa (Awoyeraetal,, 2021).
Lastly, the waste PET fibre in double (hoop-shaped) which produced good results is
suitable for adding in the FRC and increasing the bond strength between the fibre and
concrete material. This is because the hoop-shaped is reported to have two parts and every
part has played its role and produced its own initial stress to sustain the tensile load from
outside.
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(c)

Fig. 2 Surface morphology of the waste PET fibre on (a) flat surface with 5 pm scale,
(b) cut section with 200 um scale and (c) cut section with 5 um scale

Table 2. EDS Elemental analysis of waste PET fibre

Weight (%)
Name of element Flat Surface Cut Section
Carbon (C) 68.78 65.79
Oxygen (0) 31.22 34.21

4.3 Workability Test by using Slump Test for Fresh Fibre-reinforced Concrete

The workability of the FRC is important to describe the ability of concrete for mixing,
placing and finishing and influenced to strength, appearance and quality of concrete. The
process to determine the workability of the FRC is by calculating the height of the slump.
Figure 5 illustrates the example of the slump test for different specimens. The workability
of the FRC is reduced when the amount of the waste PET fibre increased. The statement is
supported by the study by Cui et al. [28] who mentioned about the slump value decreased
with an increase in fibre content and length. The study by Nibudey et al. [29] stated the
slump decreased with increasing of fibre content and grade of concrete. This situation is
due to the waste PET fibre controlling the distribution of the water to overall mixtures.
Besides, this fibre is observed to clump during the mixing process, but not too much,
although the fibre is added in stages. The height of the slump of the FRC is shown in Figure
6.Smaoui etal. [30] stated that the evidence supports the hypothesis that as the percentage
of plastic increases, the density of concrete decreases.
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(@ (b) ()
Fig. 5 The slump test of (a) M1 specimen, (b) M6 specimen and (c) M8 specimen
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Fig. 6 The result of the slump with the proportion of fibre

The percentage difference between the control mix (M0) and other mixes is reported to
have 8% for M1, 16% for M2, 24% for M3, 30% for M4, 34% for M5, 52% for M6, 60% for
M7 and 64% for M8, respectively. The workability percentage difference between the
highest value of the slump and the lowest value of the slump is 60.87%. The percentage
difference between mix and the mix by adding 0.1% of fibre is approximately 8.00% for
MO and M1, 8.70% for M1 and M2, 9.52% for M2 and M3, 7.89% for M3 and M4, 5.71% for
M4 and M5, 27.27% for M5 and M6, 16.67% for M6 and M7 and 10.00% for M7 and M8,
respectively. From the calculations, the proportion between 0.1% with every mix is
reported as below 10% from M1 until M5 but later, the percentage is stated as more than
10%. The degree of workability of the control mix is classified as medium workability and
other mixes are categorised as low workability. The low degree of workability is
appropriate for applications such as slabs, foundations and pavement.

4.4 Water Absorption Test for Hardened Fibre-reinforced Concrete

The water absorption value of the FRC is shown to increase when the proportion of waste
PET fibre increased as illustrated in Figure 7 with a linear relationship. The statement of
that water absorption is reduced with increasing of waste PET fibre is proven by the study
of Awoyera et al. [2]. Furthermore, 25.77% is reported when comparing the highest value
with the lowest value of water absorption. In general, the water absorption for hardened
concrete is dependent on the workability of the fresh concrete. When the workability is
low, the water absorption is classified as a high condition. Figure 8 shows the percentage
difference of the water absorption between each mix with the control mix and between
each mix with the mix added by 0.1% of fibre. The percentage difference of all mixes with
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control mix is recorded to obtain 0.25%, 1.99%, 8.13%, 12.24%, 19.21%, 20.99%, 21.39%,
25.96% for M1, M2, M3, M4, M5, M6, M7 and M8, respectively. The line of the graph for the
percentage difference between each mix with the mix added 0.1% of the fibre is shown
having a fluctuation and the graph line of the percentage difference between mix with
control mix is illustrated having to approach the linear relationship. Thus, the proportion
with an additional of 0.1% of the fibre is shown not significant for water absorption in FRC
between each mix.
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Fig. 7 The water absorption result of the control mix and other mixes
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Fig. 8 The percentage difference of the water absorption between each mix with the
control mix and between each mix with the mix added 0.1% of fibre

4.5 Compression Strength Test for Hardened Fibre-reinforced Concrete

The ultimate load and compression strength of the FRC at an early and mature age is
decreased when the fibre content is increased. This is because the waste PET fibre with
high content has affected the bonding between the fibre and other concrete ingredients.
Furthermore, the high water absorption has also influenced the compression strength of
the FRC. Figure 9 shows the compression strength of the control mix and others mix for 7
days and 28 days. M5 and M8 represented the highest and lowest value, respectively of the
compression strength at an early age. The compression strength of the FRC for all mixes at
an early stage is stated to obtain less than the control mix and a mix of 0.5% of fibre (M5)
isillustrated as the highest value amongst the mix with the percentage difference of 1.86%.

10
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Whilst, the highest value of the percentage difference between the control mix which is
more than 10% is reported as 10.30% for M1, 11.66% for M6, 25.23% for M7 and lastly
26.68% for M8. All mixes had not achieved 75% of the design grade. This is because the
superplasticiser is excluded in the mixing and the waste PET fibre is kept too long which
influenced the problem of clotted fibres.
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Fig. 9 The compression strength versus curing age relationship

For 28 days duration, the highest value is noted for M5 and the lowest value is reported for
M8. All mixes moved slowly to achieve the compression strength at 28 days with more than
the design grade except for M6, M7 and M8. Mix with the added fibre of 0.1% and 0.2% at
28 days is reported to have a reduction of compression strength but the compression
strength has grown for mix M3 of 0.3% until mix M5 of 0.5%. After the fibre is added more
than 0.5%, the compression strength value is decreased as shown in Figure 6. The
percentage difference between control mix with M1, M2, M3, M4, M5, M6, M7 and M8 is
reported to obtain 1.10%, 0.26%, 0.46%, 0.76%, 6.33%, 3.62%, 19.09% and 20.57%,
respectively. Thomas and Moosvi [25] mentioned the fibre added which could improve the
compression strength with the maximum fibre of 0.4%. The statement is classified as
conservative because 0.5% also produced an increment of the compression strength.
Figure 10 illustrates the compression strength with the proportion of waste PET fibre for
7 days and 28 days. The graph pattern of the 7 days and 28 days showed the same pattern
and the result of compression strength is in good condition.

5. Comparison Study

The compression study is discussed to verify the result with other previous study results.
The comparison study of the compression strength of the FRC with the previous study such
as Shinde et al. [31]. The prediction of the compression strength formula by referring to
Ojeda [32]. All the compression results of the previous studies are compared by using
percentage differences with the result of the experimental. Bui et al. [14] mentioned about
the concrete with using waste PET fibre in the proportion of 0.25%, 0.5% and 0.75% and
combined with the recycled coarse aggregate and silica fume still produced a reduction in
compressive strength. Table 3 tabulates the result of the previous study. The new
prediction formula for compression strength at 28 days (fc), as stated in Eq. (1) by the study
of Ojeda [32], is used in the study.
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Fig. 10 The compression strength of FRC with waste PET fibre at 7 and 28 days

fe=-31.433w/c - 0.645P + 0.031C + 38.140

(D

where, w/c = water cement ratio, P = plastic content by volume in %, C = cement content

(kg/m3).
Table 3. Description of the previous study on the result of the compression strength
Proportion Compression Percentage
Authors Description of fibre (%) Strength (MPa) lef(eozje)nce Remarks
. The study used a plasticiser
The gfécanw(;ttlilgrade in the mixing and the

lasticiser of 0.20% compression strength of the

zf cement weisht i: FRC is increased when the

used Theg fibre is in the percentage of
‘o orti;)n of the 0.5% and 1.0%. However, the

. proport! 25.12 MPa for 22.25% for compression strength of the

Shinde fibre with 0.5%,
7 days and 7 days and FRC goes down after 1.0%.
etal. 1.0%, 1.5% and 0.5% 39.86 MP o .

o . a for 16.86% for The percentage difference

(31] 2.0% of the cement 28 days 28 days between 7 days and 28 days

weight is 4 Y . 4 4
investigated. The is 36.98%. The result showed
lenath aid br.eadth that more than 0.5% or 1.0%

offhe fibre are 50 is reported to have a better

mm and 2 mm result compared with other

. i specimens is considered
respectively. conservative.

The study is compared with

the new prediction formula

for compression strength at

0,
o 090 33.50 MPa, 8.35%, 28 days for 0.1% to 0.5%
Ojeda 0.1%, 0.2%, 3343 MPa, 7:40%, only. The prediction result of
[]32] The Eq. (1) is used. 0.3%, 0.4% 33.37 MPa, 6.52%, co.m ression strength is
and0.5% 3330 MPaand  6.07%and el o et
33.24 MPa 0.30%

the percentage difference.
The percentage difference is
around 0.3% to 8.35%.

6. Compression and Flexural Strength Relationship

The strength of compression and flexural are often linked. Depending on the particular
concrete mix, flexural strength ranges from 10% to 15% of compression strength.
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According to standards and previous studies which discussed on the relationship between
compression and flexural strength such as the Australian Standard (AS 3600), American
Concrete Institute (ACI 363-92) and Smaoui et al. [30], respectively used to determine the
prediction of the flexural strength of the concrete. The prediction of the flexural strength
of the concrete by referring to Eq. 2 based on AS 3600, Eq. 3 based on ACI 363-92 and Eq.
4 based on a study by Smaoui et al. [30] is used. These equations are important to predict
the flexural strength of the concrete without any testing activity or usage of the experiment
tool.

fi=0.6V(f) 2)
fi=0.94(f) (3)
ﬁ = 5X10'6(ﬁ;)4'0323 (4)

where, f = flexural strength (MPa).

Figure 11 is shown the result of the prediction of flexural strength by using Eq. 2, Eq. 3 and
Eg. 4 from the experimental result of the compression strength of concrete. Eq. 4 is more
reliable when compared with other standards.
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T 400
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Fig. 11 The prediction flexural strength of all mixes

7. Conclusion

From the observation and analysis of the experimental activity, the following conclusions
are drawn and analysed. The ultimate load of the mechanical properties of the fibre in a
single shape and hoop-shaped is reported to obtain 91.773 kN and 236.195 kN,
respectively. The percentage difference of the ultimate stress between the single shape and
hoop-shaped is 22.29%. Furthermore, the strain of the ultimate load and elastic modulus
of the hoop-shaped is 0.0397 mm/mm and 4.66 GPa, respectively. The waste PET fibre in
hoop-shaped is chosen for adding in the FRC and tightening the bonding between the fibre
and other concrete ingredients.

In fresh concrete conditions, the workability of the FRC is reduced when the proportion of
the waste PET fibre is increased. All mixes with additional of fibre content are considered
as a degree of workability in low conditions and M1 has shown the highest value of the

13



Muftah et al. / Research on Engineering Structures & Materials x(x) (XxXX) Xx-xx

height of slump. The percentage difference between the control mix and M1 is 8.0% and
the range from 8% to 65% represents the difference in percentage between the control
mix and other mixes. The water absorption of the FRC is decreased by increasing the waste
PET fibre content. M1 and M8 have shown the lowest and highest value of water absorption
in FRC, respectively.

The compression strength of FRC is determined as less than 75% of the design grade for
all mixes and more than 30 MPa for all mixes except for M6, M7 and M8 at 28 days. The
compression strength of FRC is reduced when the amount of the waste PET fibre is more
than 0.5%. The percentage difference between the control mix with the highest value of
the compression strength for 7 days is 1.86% and for 28 days is 6.33%. The excessive water
absorption has also had an impact on the compression strength of the FRC. The
compression strength data and information are important for further study and to form
the structural elements such as beams, columns or slabs.

For further study, the workability, water absorption and compression strength of the FRC
will be able to be resolved if using the superplasticiser or nanomaterial as a replacement
or additional material. Thus, adding PET fibre to FRC without any modification, alterations
or adjustments is not acceptable. The experimental activity especially the mechanical
properties could be extended for tensile and flexural strength, and could be investigated
the length and width of waste PET fibre in increasing the strength of the FRC.
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