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ABSTRACT

This Project deals with an experimental
investigation on the influence of Flyash and
recycled PET fibers on strength parameters of the
M30 grade concrete mix which are perform on
1.5% optimum PET fiber and partial replacement
of Flyash with various percentages are 5%, 10%,
15%, 20% and 25% by weight of concrete are
casting. The main reason of adding Flyash,
Superplasticizer, Viscosity Modifying Agent and
PET fiber is to improve the strength of concrete,
reducing of voids in concrete, it will give a good
workability mix and the PET fiber is used for
reducing the crack growth and increases the impact
strength of the concrete and to improve its energy
absorption and apparent ductility and VMA ensures
the stability by preventing segregation and
bleeding. The tests will be conducting to find out
the compressive strength, split tensile strength and
flexural strength at the age of 7 days and 28 days,
also conducting the durability tests are Acid attack
test, Alkaline attack test, Sulphate attack, Chloride
attack test and Carbonation attack Test. Finally, the
strength and durability performance of the Flyash
on self-compacting fiber reinforced concrete
increases compared to the normal of the concrete.

Keywords:Self-Compacting Concrete, PET Fibers,
Flyash, Compressive strength, Split tensile strength
Flexural strength, Acid attack test, Alkaline attack
test, Sulphate attack test, Chloride attack test and
Carbonation attack test.

1. INTRODUCTION

Concrete is the most widely used construction
material in modern infrastructure due to its high
compressive strength, durability, and versatility.
However, traditional concrete faces challenges such
as low tensile strength, brittleness, poor resistance
to crack propagation, and environmental concerns
related to cement production which contributes
significantly to CO: emissions. With increasing
awareness of sustainable development and resource
conservation, there has been a growing interest in
incorporating industrial by-products and recycled
materials into concrete mixtures to enhance
performance while reducing environmental impact.

Self-compacting concrete (SCC) has emerged as an
innovative alternative to conventional vibrated

concrete. SCC is designed to flow under its own
weight, filling formwork completely without
segregation or bleeding, thereby ensuring better
surface finish and structural integrity [1]. To further
improve the mechanical properties and durability of
SCC, supplementary cementitious materials
(SCMs) and fibers are often incorporated into the
mix design.Fly ash, a by-product of coal
combustion in thermal power plants, is one of the
most commonly used SCMs in concrete. Its
pozzolanic nature helps in reducing the heat of
hydration, improving long-term strength, and
enhancing workability [2]. Moreover, partial
replacement of cement with fly ash not only
conserves natural resources but also reduces
greenhouse gas emissions associated with cement
manufacturing [3].

In parallel, the use of synthetic fibers in concrete
has gained attention for their ability to control
cracking, increase toughness, and improve post-
cracking behavior. Polyethylene terephthalate
(PET), derived from recycled plastic bottles,
presents an eco-friendly alternative to conventional
synthetic fibers like polypropylene or steel fibers.
The incorporation of PET fibers in concrete
contributes to waste reduction, sustainability, and
enhances mechanical properties such as impact
resistance, flexural strength, and ductility [4][5].

The present study investigates the combined effect
of using fly ash as a partial cement replacement and
recycled PET fibers as reinforcement on the
mechanical and durability characteristics of M30
grade self-compacting concrete. Fly ash was
replaced at levels of 5%, 10%, 15%, 20%, and 25%
by weight of cement, while PET fibers were added
at an optimal dosage of 1.5% by volume of
concrete. Superplasticizers and viscosity modifying
agents (VMA) were used to maintain workability
and stability of the SCC mix. The mechanical
performance was assessed through compressive,
split tensile, and flexural strength tests at 7 and 28
days. Additionally, durability was evaluated
through exposure to aggressive environments
including acid, alkaline, sulphate, chloride, and
carbonation attacks.

This research aims to contribute towards
sustainable construction practices by utilizing
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industrial and post-consumer waste materials-fly
ash and recycled PET fibers-to develop a high-
performance, eco-friendly self-compacting concrete
that meets both structural and environmental
requirements.

medium for the individual ingredients. Chemically,
cement comprises approximately 60-65% lime
(Ca0), 17-25% silica (SiO,), 3-8% alumina
(ALO;), 0.5-6% iron oxide (Fe,05), 0.1-6%
magnesia (MgO), 1-3% sulphur trioxide (SOs), and

0.5-3% soda and potash(Na,O0+K,0).
2. MATERIALS AND METHODOLOGY

2.1 MATERIALS
a) Cement

Ordinary Portland cement shown in Figl is utilized
in formulating the mix design for M-30 grade
concrete. The cement used is fresh and devoid of
any lumps. As per IS 456:2007 standards, the
water-cement ratio for this mix design is 0.33.
Cement is a finely ground material with adhesive
and cohesive properties, serving as a binding
b) Fine Aggregate (F.A)

. i‘lg 1 -Cement"

Fine aggregate, a cubical or rounded shape passed through an IS sieve 4.75mm, is used in river sand for its good
workability and ability to hold coarse aggregate.

Table 1: Properties of Fine Aggregate

S. No Description Values
1 |Specific Gravity 2.69
2 [Sieve Analysis of sand ZONE -1I
3 Bulking of Sand 7.45
4 |Water Absorption 3.36%

Fig. Fine Aggregat (FA)

c) Coarse aggregate

Coarse aggregate is a material retained through an IS sieve, consisting of naturally occurring materials like
silica, quartz, and crushed rock. It has hard, strong, durable particles and is angular in shape. Typically used in
ocean and river beds, it has low flakiness.

Table 2: Properties of Coarse Aggregate

S.No [Description Values
1 |Specific Gravity of Coarse Aggregates 2.61
2 [Water Absorption of Coarse Aggregates 0.4%
3 [[mpact Test 23.48%
4 |Los Angeles Test 32.42%
5  |Aggregate Crushing test 28.62%
6  [Flakiness index 22%
7  [Elongation index 17%
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d) PET Fiber

PET Fiber (Polyethylene Terephthalate fiber) is a synthetic fiber manufactured from recycled polyethylene
terephthalate, often sourced from post-consumer plastic bottles. When incorporated into concrete, PET fibers
enhance tensile strength, impact resistance, and ductility while reducing crack propagation. They improve the
mechanical and durability properties of self-compacting concrete (SCC), contributing to sustainable
construction by repurposing plastic waste [4][5]. As show the properties in below the table 3.

Table 3:Properties of PET Fiber

Properties Result
Length(mm) 60
Width(mm) 2
Thickness(mm) 0.3
Aspect ratio 28
Specific Gravity 1.3
Tensile Strength (Mpa) 55-75
Modulus of elasticity (Gpa) 0.19

e) Superplasticizer (polycarboxylate ether)

A polycarboxylate ether (PCE) based superplasticizer (conforming to
IS 9103) is used to decrease the water content. It is a synthetic
polymer used to improve the workability and strength of concrete.
Specific gravity of PCE is 1.10 and Ph value is 6.0.

To reduce permeability and enhance the waterproofing characteristics
of concrete, plaster, and cement-sand mortars, particularly for crucial FOLYCARBOLIC L1 PR
applications such as roof slabs, screeds, basements, external .

plastering, bathroom floors, water tanks, sumps, drains, etc. shown in AT

Fig. 5.

f) Viscosity modifying agent (VMA)
Viscosity Modifying Agents (VMAs), also known as viscosity-modifying admixtures, are materials added to
concrete and mortar to enhance their rheological properties, particularly viscosity, flow behavior and resistance

to segregation, without significantly affecting another key characteristic like strength and setting time.

Table 4:Properties of VMA

Properties Result

Appearance Water white viscous liquid
Specific gravity 1.06

Chloride ions content <0.1%

pH value 6.6t07.5

Normal dosage 6 to 8%

2.2 METHODOLOGY
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Fig. 7 Flow Chart for Methodology

Testing

This particular figure showcases an experimental methodology based on three stages comprising Casting,
Curing, and Testing. It outlines a systematic process where materials are first formed (casting), then stabilized
(curing), and finally evaluated (testing). Together, these phases form an equilateral triangle symbolizing quality
control and performance measures, aiming to tie theoretical design with real practice to yield reliable
experimental results in material research.

2.2.1 Mix Design M30
Table 5: Mix Design

Description Quantity
Cement content 575.76 kg/m’
Water content 190 kg/m’
Fine aggregates 808 kg/m’
Coarse aggregate 582.58 kg/m3
Chemical admixture content 5.7576 kg/m’
VMA content 34.5456
Water /Cement ratio 0.33
Fine aggregate powder content 24.24 kg/m’
Water/power ratio by volume 0.98
Mix ratio 1:1.45:1.01

Presents the mix proportions used for the trial mixes of self-compacting concrete, detailing the quantities of
cement, fly ash, aggregates, water, PET fibers, and admixtures per cubic meter of concrete.

2.2.2 Design Mix Proportions

Mix Proportion Description

SC Self-Compacting Concrete

SCP Self-Compacting Concrete+1.5%PET Fibre

SCPO5SFA Self-Compacting Concrete+1.5%PET Fibre+5% Fly Ash
SCP10FA Self-Compacting Concrete+1.5%PET Fibre+10% Fly Ash
SCP15FA Self-Compacting Concrete+1.5%PET Fibre+15% Fly Ash
SCP20FA Self-Compacting Concrete+1.5%PET Fibre+20% Fly Ash
SCP25FA Self-Compacting Concrete+1.5%PET Fibre+25% Fly Ash

3. RESULTS AND DISCUSSION
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The results obtained from the experimental investigation carried out on self-compacting concrete (SCC)
incorporating fly ash and PET fibers. The study includes evaluation of both fresh and hardened properties of
concrete. Fresh property tests such as Slump Flow, V-Funnel, L-Box, and U-Box were conducted to assess
workability, flowability, and passing ability of SCC mixes. The hardened properties were analyzed through
compressive strength, split tensile strength, and flexural strength tests. In addition, durability performance was
assessed through acid attack, alkalinity, sulphate resistance, and chloride penetration tests. The results are
discussed in detail to understand the effect of PET fibers and fly ash on the overall behavior of SCC.

3.1 WorkabilityTests

The test Results for SCC with 1.5% PET Fibers and Varying Fly Ash Content

3.1.1 Slump Flow

According to EFNARC (2002), the acceptable range for the test is 650 to 800 mm. A value between 670 and 800

mm is considered good, while values ranging from 645 to 660 mm are rated as average. Any value below 645
mm is classified as poor.

800 Q]nmp Flow Test (imm)
Table 6:Slump Flow Test Results 750
S.No Mix Proportion Value (mm) 700
1 SC 770 ?50
2 SCP 600 %“’"
50

3 SCPOSFA 645 =

=00
4 SCP10FA 670 Eso

= - —@— Slump Flow T¢st
5 SCP15FA 685 400
6 SCP20FA 690 SC scp S(TPOSFW&MPF(&};&W{B%\ SCP25FA
7 SCP25FA 710 Fig. 8 Graphical Representation Slump Flow

The slump flow value of plain SCC was 670 mm, falling within the good range. The addition of 1.5% PET
fibers reduced it to 600 mm, indicating a loss of flowability. Fly ash improved the flow, increasing it to 675 mm
at 5% fly ash. Further increases in fly ash content resulted in higher slump flow values, indicating fly ash
effectively enhances SCC workability.

3.1.2 L-Box Test

The L-Box test is a method used to evaluate the flowability and passing ability of Self-Compacting Concrete
(SCO) in real-life structural conditions. Originally developed for underwater concrete, it has been adapted for
SCC applications. The test involves placing fresh SCC in a rectangular L-shaped box with reinforcement bars at
the junction to simulate obstacles. When the gate is lifted, the SCC flows from the vertical to the horizontal
section, and the height of the concrete at the end of the horizontal section is compared to the vertical section to
determine its blocking ratio. This test ensures smooth SCC flow through reinforcement without segregation or
blockage, improving structural durability and quality.

094 EBox Test
Table 7:L-Box Test Results 092
0.9
S.No | Mix Proportion Value =088
L0.86
o
1 SC 0.92 T8
-20'82
2 |scp 0.82 5 08
fn() 78
Hos ——1.-Box Tesl
3 SCPOSFA 086 g SC scp S(TP()SM}TPIF\ SCPI5FA h;(‘,l’l()l" A SCP25FA
A~ ix Proportion
4 SCP10FA 0.87
Fig. 9 Graphical Representation of L-Box Test
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5 SCP15FA 0.89
6 SCP20FA 0.90
7 SCP25FA 0.92

The L-Box blocking ratio for plain SCC was 0.92, indicating good passing ability. After 1.5% PET fibers, it
decreased to 0.82, indicating average passing ability. However, with fly ash addition, the ratio improved
significantly. It increased to 0.90 with 5% fly ash and continued to rise with higher fly ash contents, reaching
0.93, 0.95, 0.96, and 0.97 at 10%, 15%, 20%, and 25% fly ash, indicating excellent passing ability.

3.1.3 U-Box Test

The U-Box test evaluates the filling and passing ability of Self-Compacting Concrete (SCC) through
reinforcement. It involves a U-shaped box divided into two compartments with a sliding gate controlling the
flow of concrete. Reinforcing bars simulate real-life reinforcement congestion. The left compartment is filled
with 20 liters of SCC, and the right compartment is filled with 20 liters. The height difference between the
compartments is measured to determine SCC's ability to pass through obstacles. A smaller difference indicates
better flowability, while a significant difference suggests blockage or inadequate workability. This test directly
evaluates SCC's ability to fill complex structural elements without obstruction.

Table 8:U-Box Test Results . U Box Test(mm)
S.No Mix Proportion Value (mm)
25
1 |sc 20 £
= 20
=)
2 SCP 28 =
o 15
3 SCPOSFA 25 fa
g
4 | SCP10FA 23 g
5 SCP15FA 21 0 —&— U-Box Test
6 SCPZOFA 20 SC SCP  SCPOSFA SCP10FA SCP15FA SCP20FA SCP25FA
Mix Proportion
7 SCP25FA 17 Fig. 10 Graphical Representation of U-Box Test
The U-Box height difference for plain SCC was 20 tunnel linings, and arches. Concrete's compressive

strength is determined by testing specimens at

mm, indicating a Good category. The addition of - e ;
different ages, considering factors like aggregate

1.5% PET fibers increased it to 28 mm, indicating

reduced flowability. As fly ash was added, U-Box properties, water-cement ratio, curing conditions,
and mix proportions.

values decreased, dropping to 25 mm at 5% fly ash.
However, with further additions, U-Box values
improved to 23 mm, 21 mm, 20 mm, and 17 mm
for 10%, 15%, 20%, and 25% fly ash, returning to
the Good category with enhanced flow
characteristics.

3.2 MechanicalTests
Test Results for SCC with 1.5% PET Fibers and

Varying Fly Ash Content
3.2.1 Compressive Strength Test

The compressive strength test is a crucial
evaluation of concrete mix quality, assessing its
ability to withstand compressive loads. It is crucial
for structures like columns, foundations, dams,

Fig. 11 Compressive Testing
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The study focuses on the compressive strength of
M30 grade concrete for 7 days, aiming for a
maximum of 30 MPa. The strength ranges from 18-
21 MPa, with a good 7-day strength exceeding 21
MPa, average between 18-21 MPa, and below 35
MPa, as per IS 456:2000.

Table 9:Compressive Strength Test Results

Compressive strength Test
S.No | Mix (N/mm?)
Proportion 7 days 28 days

1 SC 28.76 42.31
2 SCP 29.76 45.60
2 SCPO5FA 35.33 52.80
3 SCP10FA 36.52 53.76
4 SCP15FA 37.78 57.07
5 SCP20FA 31.78 49.51
6 SCP25FA 29.56 46.27

Compressive Strength Test

=)
=
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Z

£

g

P

% -
3 days
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3 . —

o ° ° °  MixProportion
Fig. 12 Graphical Representation of Compressive

Test

The 28-day compressive strength for plain SCC
was 42.31 MPa, increasing to 45.6 MPa with the
inclusion of PET fibers. The addition of fly ash
further improved compressive strength, peaking at
57.07 MPa with 15% fly ash. Beyond 15% fly ash,
strength began to decline but remained higher than
that of plain SCC.

3.2.2 Split Tensile Strength Test

www.ijseat.com
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For the 7-day split tensile strength, as per IS
5816:1999, the typical strength is around 1.5-2.0
MPa. If the 7-day tensile strength exceeds 1.8 MPa,
it is categorized as good, between 1.4—-1.8 MPa as
average, and below 1.4 MPa as poor.For 28 days,
the split tensile strength is expected to be above 2.7
MPa for good performance, between 2.2-2.7 MPa
for average, and below 2.2 MPa for poor
performance.

Table 10:Split Tensile Test Results

Split  Tensile Test
S.No | Mix (N/mm?2)
Composition 7 days 28 days
1 SC 1.40 2.00
2 SCP 1.51 2.17
3 SCPO5SFA 2.59 3.70
4 SCP10FA 2.12 3.03
5 SCP15FA 2.73 3.89
6 SCP20FA 1.88 2.69
7 SCP25FA 1.68 2.40
Split Tensile Strength Test
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Fig. 13 Graphical Representation of Split Tensile

The 28-day split tensile strength of SCC was 2.0
MPa, rising to 2.17 MPa with PET fibers. It peaked
at 3.89 MPa with 15% fly ash addition, after which
a gradual decline was noted.
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3.2.3 Flexural strength Test

Fig. 14 Flexural Strength Test

For the 7-day flexural strength, as per IS 516:2021
and IS 456 guidelines (fcr ~ 0.7Vfck), the expected
flexural strength typically ranges from 3.0-3.5
MPa. Values above 3.5 MPa are considered good,
between 3.0-3.5 MPa as average, and below 3.0
MPa as poor.For 28 days, if the flexural strength
exceeds 5.5 MPa, it is categorized as good,
between 4.5-5.5 MPa as average, and below 4.5
MPa as poor.

Table 11:Flexural strength Test Results

S.No | Mix Flexural Strength Test
Proportion (N/mm?2)
7 days 28 days
1 SC 3.10 443
2 SCP 3.19 4.56
3 SCPOSFA 4.20 6.00
4 SCP10FA 4.90 7.00
5 SCP15FA 5.11 7.30
6 SCP20FA 3.99 5.70
7 SCP25FA 3.50 5.00
Flexural Strength Test
8
g
z
=)
[=T]
=18
: ‘\/A/‘/\\‘
»
= —h—7
51 days
=
=0
M Ngflx Prgl;ortig;.l =
Fig. 15 Graphical Representation of Flexural
Strength
4. CONCLUSION

Concrete Performance Test Results
Slump Flow Test: Optimal mix achieved 685 mm
diameter, indicating excellent deformability and
self-compatibility.

V-Funnel Test: Good flow retention and viscosity
suitable for SCC applications.
U-Box Test: Moderate filling ability with 21 mm
height difference, showing improvement with fly
ash and PET fibers.
L-Box Test: Flow ratio of 0.89, confirming
effective passage through congested reinforcement.
Compressive Strength Test: Maximum strength of
57.07 MPa at 28 days, enhancing strength of fly
ash and PET fibers.
Split Tensile Strength Evaluation: Strength of 3.89
MPa at 28 days, highlighting enhanced crack
resistance and ductility.
Flexural Strength Test: 5.18 MPa at 28 days,
proving better flexural performance.
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