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ABSTRACT: This study investigates the strength properties of sustainable concrete incorporating banana fibre and
copper slag. Copper slag is utilized as a partial replacement for fine aggregates to enhance density and reduce industrial
waste. Natural banana fibres are introduced at a optimized volume fraction to improve the tensile strength and ductility.
Mechanical performance was evaluated through compressive strength, split tensile strength, and ultrasonic pulse
velocity (UPV) tests. Concrete specimens were cast and tested after standard curing periods of 7 and 28 days. The 7-
day compressive strength showed a steady early strength gain, comparable to the control mix. By day 28, the
compressive strength exhibited a significant increase due to the pozzolanic reaction of copper slag. The inclusion of
banana fibres significantly enhanced the split tensile strength at both 7 and 28 days. Fibres effectively bridged internal
micro-cracks, preventing sudden brittle failure under tensile loading. Non-destructive testing via UPV was conducted to
assess the structural integrity and homogeneity of the concrete. The UPV values at 7 days indicated a satisfactory pulse
velocity, confirming early-stage compaction. At 28 days, the UPV results fell within the "Good" to "Excellent" quality
range, signifying a dense matrix.

KEYWORDS: Banana Fibre Concrete, Copper Slag, Sustainable Construction, Eco-friendly Concrete, Compressive
strength, Ultrasonic Pulse Velocity and Split tensile strength.

L. INTRODUCTION

Concrete is the world's most widely used manufactured material, formed by mixing cement, water, and aggregates.
Through a chemical process called hydration, the mixture hardens into a stone-like mass with exceptional compressive
strength. It serves as the foundational backbone for modern global infrastructure, from highways to skyscrapers.
However, its massive production drives a high carbon footprint, sparking intense research into greener alternatives.
Modern concrete technology focuses heavily on incorporating industrial and natural wastes to boost sustainability.

Copper slag is an industrial by-product obtained during the matte smelting and refining of copper. Possessing
mechanical properties highly similar to natural sand, it is an ideal partial replacement for fine aggregates. Its high
density and low water absorption enhance the workability and durability of the resulting concrete matrix. Furthermore,
it exhibits mild pozzolanic properties that contribute to long-term compressive strength gains. Utilizing this slag not
only conserves natural river sand but also solves a major industrial waste disposal problem.

Banana fibre is a natural, biodegradable material extracted from the pseudostem of the banana plant. Characterized by
low density, high tensile strength, and strong fire resistance, it acts as an effective micro-reinforcement. When added to
concrete, these fibres bridge internal micro-cracks, transforming a brittle matrix into a ductile composite. They
significantly improve the material's split tensile and flexural strength while reducing shrinkage cracks. Using this
agricultural waste promotes eco-friendly construction and adds economic value to farming communities.
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II. OBJECTIVES

1. To analyze the feasibility of utilizing industrial waste (copper slag) as a fine aggregate replacement and
agricultural waste (banana fibre) as a natural reinforcement to create a greener, cost-effective concrete composite.

2. To investigate the effect of combining banana fibre and copper slag on the compressive strength and split tensile
strength of concrete at early (7 days) and mature (28 days) curing ages.

3. To determine the homogeneity, density, and quality of the concrete matrix using Ultrasonic Pulse Velocity (UPV)
testing at 7 and 28 days, and to establish a correlation with destructive test results.

III. MATERIALS

1. Cement: A hydraulic binding material made from calcined limestone and clay that sets and hardens when mixed
with water. It acts as the chemical glue that binds aggregate particles together into a solid structural mass.

2. Fine Aggregate: Small mineral particles, typically natural or manufactured sand, that pass through a 4.75 mm
sieve. They fill the structural voids between larger aggregates and help create a workable mortar paste.

3. Coarse Aggregate: Crushed stones, gravel, or boulders larger than 4.75 mm that form the primary skeleton of the
concrete. They provide the bulk volume, dimensional stability, and resistance to heavy compressive loads.

4. Water: A key chemical component that triggers the hydration reaction of cement to harden the concrete mix. It
also provides the necessary fluidity and workability required to place and finish the fresh concrete.

5. Copper Slag: A dense, glassy industrial by-product obtained during the smelting and refining process of copper
metal. It is used as a highly durable and sustainable replacement for natural sand in eco-friendly concrete.

6. Banana Fibre: A strong, lightweight natural fibre extracted from the waste pseudostems of banana plants. It is
added to concrete as micro-reinforcement to bridge internal cracks and improve tensile strength.

IV. RESULTS AND DISCUSSION

a. Compressive strength test: A compressive strength test evaluates a concrete specimen's ability to withstand axial
loading before crushing. Hardened cubes or cylinders are placed in a Universal Testing Machine and subjected to a
steadily increasing compressive force. This destructive test determines the material's structural load-bearing capacity at
specific intervals, typically 7 and 28 days. The resulting maximum load capacity serves as the primary benchmark for
assessing overall concrete quality and compliance.

Table 1: Compressive Strength result of concrete with copperslag as partial replacement of cement.

S.No % of Copperslag Compressive Strength Results, N/mm?
7 days 28 days
1 0% 21.73 32.78
2 20% 24.26 35.72
3 40% 26.22 38.03
4 60% 23.94 34.21

Table 2: Compressive Strength result of banana fibre concrete

Skno % of Banana | Compressive Strength Results, N/mm?
fibre 7 days 28 days

1 0% 21.73 32.78

2 0.5% 25.24 37.85

3 1% 28.41 40.65

4 1.5% 26.36 38.42
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Table 3:- Combined Compressive Strength result of concrete.

S.No Combined Compressive Strength
Replacement(s) Results, N/mm?
7 days 28 days
1 0% 21.73 32.78
2 40% CS+1% BF 29.38 41.96

b. Split tensile strength: This destructive method evaluates concrete's resistance to tensile cracking by applying a
compressive line load along the length of a cylindrical specimen. The uniform force splits the cylinder vertically,
determining the material's indirect tensile capacity rather than relying on direct pulling. It is crucial for assessing
concrete performance against shearing and cracking forces at 7 and 28 days. The results help quantify how effectively
reinforcements, like banana fibres, bridge micro-cracks and enhance structural ductility.

Table 4: Split tensile Strength result of concrete with copperslag as partial replacement of cement.

S.No % of Copperslag Split tensile Strength Results, N/mm?
7 days 28 days
1 0% 2.12 3.19
2 20% 243 3.56
3 40% 2.87 4.06
4 60% 2.36 3.38

Table 5: Split tensile Strength result of banana fibre concrete.

Skno % of Banana | Split tensile Strength Results, N/mm?
fibre 7 days 28 days

1 0% 2.12 3.19

2 0.5% 2.23 3.68

3 1% 2.86 4.04

4 1.5% 2.54 3.81

Table 6:- Combined Split tensile Strength result of concrete.

S.No Combined Split  tensile  Strength
Replacement(s) Results, N/mm?
7 days 28 days
1 0% 2.12 3.19
40% CS+1% BF 2.94 4.15

C. Ultrasonic pulse velocity: This non-destructive technique assesses the internal quality, density, and uniformity of
concrete without causing physical damage. It measures the transit time of ultrasonic longitudinal waves sent through
the specimen via an electro-acoustical transducer. Higher wave velocities indicate a dense, homogenous, and defect-
free concrete matrix, while slower speeds reveal internal voids or cracks. Conducting this test at 28 days provides a
reliable metric to track structural integrity gains over time.
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Table 7: Ultrasonic Pulse Velocity result of concrete with copperslag as partial replacement of cement.

S.No % of Copperslag Ultrasonic Pulse Velocity Results, m/s
28 days Quality of
Concrete
1 0% 4349 Good
2 20% 4481 Good
3 40% 4736 Excellent
4 60% 4557 Excellent

Table 8: Ultrasonic Pulse Velocity result of banana fibre concrete

Sl.no % of Banana | Ultrasonic Pulse Velocity Results, m/s
fibre 28 days Quality of Concrete

1 0% 4349 Good

2 0.5% 4488 Good

3 1% 4629 Excellent

4 1.5% 4531 Excellent

Table 9:- Combined Ultrasonic Pulse Velocity result of concrete.

S.No Combined Ultrasonic Pulse Velocity Results,m/s
Replacement(s) 28 days Quality of
Concrete
1 0% 4349 Good
2 40% CS+1% BF 4796 Excellent
V. CONCLUSION

The compressive strength for conventional concrete for 7 and 28 days is 21.73 and 32.78 N/mm?.

At 40% replacement of cement with Copper slag the compressive strength for 7 and 28 days is 26.22 and 38.03
N/mm?.

At 1.0% addition of banana fibre in concrete the compressive strength for 7 and 28 days is 28.41 and 40.65
N/mm?>.

At 40%CS+1% BF the combined replacement of concrete the compressive strength for 7 and 28 days is 29.38 and
41.96 N/mm>.

The Split tensile strength for conventional concrete for 7 and 28 days is 2.12 and 3.19 N/mm?.

At 40% replacement of cement with Copper slag the Split tensile strength for 7 and 28 days is 2.82 and 4.06
N/mm?.

At 1.0% addition of banana fibre in concrete the Split tensile strength for 7 and 28 days is 2.86 and 4.04 N/mm?.
At 40%CS+1% BF the combined replacement of concrete the Split tensile strength for 7 and 28 days is 2.94 and
4.15 N/mm?.

The Ultra pulse velocity for conventional concrete for 28 days is 4349 m/s.

At 40% replacement of cement with Copper slag the Ultra pulse velocity for 28 days is 4736m/s.

At 1.0% addition of banana fibre the Ultra pulse velocity for 28 days is 4629 m/s.

At 40%CS+1% BF the combined replacement of concrete the Ultra pulse velocity for 28 days is 4796 m/s.
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