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Abstract: - With the rapid expansion of construction activities, the environmental impact of traditional concrete technology
has become a growing concern. To tackle this issue, researchers have developed innovative concrete solutions, including
admixtures that enhance strength properties while minimizing ecological harm. This study examines the mechanical and
physical properties of composites reinforced with palm fibers and produced with palm oil fuel ash (POFA). Cement was
partially replaced with POFA at varying percentages of 10%, 20%, 30%, and 40%, and each batch was further modified with
palm fibers at different percentages of 0%, 0.5%, 1%, 1.5%, and 2% by weight of cement. The aspect ratio of palm fibers was
kept at 50. The effects of POFA replacement and palm fiber addition on the properties of composites were evaluated. The
results demonstrated notable improvements in mechanical and physical properties with the inclusion of palm fibers. The
optimal replacement percentage of POFA and palm fiber content was determined. Compressive and split tensile strengths
were evaluated at 7 and 28 days.
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1. INTRODUCTION

Concrete is inherently brittle, possessing low tensile strength, limited ductility, and minimal resistance to cracking.
Micro-cracks are present within the concrete, and its poor tensile strength is attributed to the propagation of these micro-
cracks, resulting in the brittle nature of concrete. In plain concrete and similar brittle materials, structural cracks can develop
even before loading due to drying shrinkage and other causes. When a load is applied, the internal cracks propagate and
expand due to stress, leading to the formation of additional cracks. The development of these cracks is responsible for the
inelastic deformation in concrete.

Palm oil fiber (POF) serves as a sustainable and eco-friendly reinforcement material. Derived from palm oil empty
fruit bunches, POF offers a unique combination of strength and durability. In concrete applications, POF can enhance
mechanical properties and reduce shrinkage. Additionally, POF is a cost-effective alternative to traditional steel reinforcement,
promoting a greener and more sustainable construction industry.

Palm oil fuel ash (POFA) is a by-product of palm oil mill boilers and can be used as a supplementary cementitious
material (SCM) in concrete. Replacing cement with POFA reduces greenhouse gas emissions and conserves natural resources.
POFA also enhances concrete's workability and durability, making its use in concrete a sustainable and environmentally
friendly option.

2. MATERIALS

Cement: Cement is a fine powder that acts as the primary binding agent in concrete. It is composed of limestone, clay, sand,
and other minerals. When mixed with water, cement forms a paste that hardens over time, binding aggregate particles
together and creating a strong, durable structure. It is a crucial component in construction, used in buildings, roads, and
infrastructure projects.

Fine Aggregates: Fine aggregate refers to smaller-sized particles of aggregate, typically passing through a 4.75mm sieve. It
consists of natural sand, crushed stone, or a combination of both. Fine aggregate plays a critical role in concrete by filling the
gaps between coarse aggregate particles, thereby improving the workability, density, and overall strength of the concrete.
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Coarse Aggregates: Coarse aggregates, obtained by crushing gravel, are used to add strength to concrete compositions.
Typically, the maximum size of these aggregates is restricted to 20mm. The 12.5mm aggregates, derived from natural rocks,
inherit properties such as hardness and stability from their parent rock, ultimately enhancing the overall durability of the
concrete.

Water: Water is an essential component in construction, serving as a mixing agent for cement mortar and a curing medium. It
facilitates the formation of a binding matrix between cement and aggregates, enabling the development of concrete's strength
and durability. For optimal results, the pH level of surface water should range from 6.5 to 8.5, while groundwater should fall
between 6 and 8.5.

Palm Oil Fuel Ash (POFA): POFA is a by-product of palm oil mill boilers and acts as a pozzolanic material that can partially
replace cement in concrete. It reduces greenhouse gas emissions and conserves natural resources. POFA enhances concrete's
workability and durability, making it a sustainable cement replacement material.

Palm Fiber: Palm fibers are natural, sustainable, and biodegradable materials. They can be used as reinforcement in concrete,
improving its mechanical properties. Palm fibers can partially replace cement, reducing the environmental impact of concrete.
Their use in concrete promotes eco-friendliness and sustainability.

3. RESULTS AND DISCUSSIONS

3.1 Compressive strength test: The Compressive Strength Test measures the ability of concrete to withstand compressive
loads.It determines the maximum stress that concrete can resist without failing or crushing.The test is typically performed on
cube-shaped concrete specimens after a specified curing period.

Table 1: Compressive Strength of Concrete using POFA as partial replacement of cement.

%of pofa | Compressive strength of concrete in N/mm?2
7 days 28days

0% POFA 36.4 48.3

10% POFA 38.20 49.46

20% POFA 40.02 54.32

30% POFA 41.45 58.13

40% POFA 39.40 49.30

Table 2: Compressive Strength of Concrete using Palm fiber 50 A.R AND 10% POFA with different % of fibers:

%of fibers Compressive strength of concrete in N/mm2
7 days 28days
0% POFA + 0% fibers 36.4 48.3
10% POFA + 0.5% fibers 36.94 48.52
10% POFA + 1% fibers 37.28 50.21
10% POFA + 1.5% fibers 38.01 51.01
10% POFA + 2% fibers 36.45 49.63
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Table 3: Compressive Strength of Concrete using Palm fiber 50 A.R AND 20% POFA with different % of fibers

%of fibers Compressive strength of concrete in N/mm2
7 days 28days
0% POFA + 0% fibers 36.4 48.3
20% POFA + 0.5% fibers 37.2 48.94
20% POFA + 1% fibers 38.59 52.63
20% POFA + 1.5% fibers 39.94 54.04
20% POFA + 2% fibers 38.26 52.05

Table 4: Compressive Strength of Concrete using Palm Palm fiber 50 A.R AND 30% POFA with different % of fibers

%of fibers Compressive strength of concrete in N/mm2
7 days 28days
0% POFA + 0% fibers 36.4 48.3
30% POFA + 0.5% fibers 38.24 49.29
30% POFA + 1% fibers 40.02 54.45
30% POFA + 1.5% fibers 43.51 62.18
30% POFA + 2% fibers 39.78 55.49

Table 5: Compressive

Strength of Concrete using Palm fiber 50 A.R AND 40% POFA with different % of fibers

%of fibers Compressive strength of concrete in N/mm2
7 days 28days
0% POFA + 0% fibers 36.4 48.3
40% POFA + 0.5% fibers 36.94 48.14
40% POFA + 1% fibers 38.42 51.04
40% POFA + 1.5% fibers 40.38 58.94
40% POFA + 2% fibers 37.44 50.34

3.2 Spilt tensile strength test: The Split Tensile Strength Test evaluates the tensile strength of concrete by applying a
diametrical compressive load.The test measures the resistance of concrete to cracking and failure under tensile stress.It is

typically performed on cylindrical concrete specimens to determine their tensile strength.

Table 6: Split tensile Strength of Concrete using POFA as partial replacement of cement.
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Split tensile strength of concrete in N/mm2
7 days 28days
0% POFA 3.32 476
10% POFA 3.48 494
20% POFA 3.75 5.37
30% POFA 4.06 5.88
40% POFA 3.39 492
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Table 7: Split tensile Strength of Concrete using Palm fiber 50 A.R AND 10% POFA with different % of fibers

% of fibers Split tensile strength of concrete in N/mm2
7 days 28days
0% POFA + 0% fibers 3.32 4.76
10% POFA + 0.5% fibers 3.28 4.77
10% POFA + 1% fibers 3.49 496
10% POFA + 1.5% fibers 3.56 5.09
10% POFA + 2% fibers 3.37 492

Table 8: Split tensile Strength of Concrete using Palm fiber 50 A.R AND 20% POFA with different % of fibers

%of fibers Split tensile strength of concrete in N/mm2
7 days 28days
0% POFA + 0% fibers 3.32 4.76
20% POFA + 0.5% fibers 3.46 4.84
20% POFA + 1% fibers 3.65 5.23
20% POFA + 1.5% fibers 3.76 5.39
20% POFA + 2% fibers 3.61 5.16

Table 9: Split Tensile Strength of Concrete using Palm fiber 50 A.R AND 30% POFA with different % of fibers

%of fibers Split tensile strength of concrete in N/mm2
7 days 28days
0% POFA + 0% fibers 3.32 476
30% POFA + 0.5% fibers 3.35 4.87
30% POFA + 1% fibers 3.78 5.43
30% POFA + 1.5% fibers 4.34 6.21
30% POFA + 2% fibers 3.87 5.53

Table 10: Split Tensile Strength of Concrete using Palm fiber 50 A.R AND 40% POFA with different % of fibers

%of fibers Split tensile strength of concrete in N/mm?2
7 days 28days
0% POFA + 0% fibers 3.32 4.76
40% POFA + 0.5% fibers 3.48 4.82
409% POFA + 1% fibers 3.56 5.06
40% POFA + 1.5% fibers 3.71 5.28
409% POFA + 2% fibers 3.49 4.93
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4. CONCUSSION

1. The compressive strength of normal concrete for 7 and 28 days is 36.40 and 48.30 N/mm?2.
2. The optimum compressive strength of 30% POFA is found to be 41.45 and 58.13 N/mm 2 for 7 and 28 days respectively.

3. The optimum compressive strength of 30% POFA + 1.5% palm fiber is found to be 43.51 and 62.18 N/mm 2 for 7 and 28
days respectively.

4. The split tensile strength of normal concrete for 7 and 28 days is 3.32 and 4.76 N/mm?2.
5. The optimum split tensile strength of 30% POFA is found to be 4.06 and 5.88 N/mm 2 for 7 and 28 days respectively.

6. The optimum split tensile strength of 30% POFA + 1.5% palm fiber is found to be 4.34 and 6.21 N/mm 2 for 7 and 28 days
respectively.
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