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ABSTRACT

This paper presents an experimental investigation on the utilization of recycled Polyethylene Terephthalate (PET) bottle fibers
in M35 grade concrete. The increasing generation of plastic waste has become a serious environmental issue due to its non-
biodegradable nature and improper disposal methods. The use of recycled PET fibers in concrete offers an effective solution for
waste management while enhancing the mechanical properties of concrete. In this study, waste PET bottles were collected,
cleaned, and cut into fibers of suitable dimensions before being incorporated into concrete at varying percentages of 0%, 1%,
2%, and 3% by weight of cement. Concrete specimens were prepared and tested to evaluate compressive strength, split tensile
strength, and flexural strength after standard curing periods. The experimental results indicated that the inclusion of PET fibers
improved the overall performance of concrete by enhancing crack resistance, tensile strength, and flexural behavior. The fibers
acted as crack-bridging elements, reducing the propagation of microcracks and improving the ductility of concrete. Among the
different mixes, the optimum PET fiber content exhibited the best mechanical performance. The utilization of PET fibers also
contributes to sustainable construction practices by reducing plastic waste accumulation and promoting the recycling of non-
biodegradable materials. The findings of this study demonstrate that recycled PET fiber reinforced concrete can be considered
a viable and eco-friendly construction material. Therefore, the incorporation of PET fibers in concrete not only improves
structural performance but also supports environmental sustainability and effective plastic waste management in the
construction industry.

Keywords: PET Fiber, Recycled Plastic Bottles, Fiber Reinforced Concrete, Compressive Strength, Split Tensile Strength,
Flexural Strength, Sustainable Construction.

1. INTRODUCTION

Concrete is the most widely used construction material due to its high compressive strength, durability, and versatility. However,
conventional concrete possesses low tensile strength and is susceptible to cracking under tensile stresses. Simultaneously, increasing
plastic waste generation has created serious environmental challenges. PET bottles are extensively used for packaging purposes and
constitute a large fraction of non-biodegradable waste.

The disposal of PET waste in landfills creates environmental pollution and occupies valuable land resources. Recycling PET waste
into concrete reinforcement provides a sustainable solution to both waste management and concrete performance improvement.
PET fibers can bridge microcracks, improve post-cracking behavior, and enhance ductility.

This research investigates the effect of recycled PET fibers on the mechanical properties of M35 grade concrete and evaluates its
suitability as a sustainable construction material.

2. METHODOLOGY
2.1 Experimental Program
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The present study was conducted to investigate the effect of recycled Polyethylene Terephthalate (PET) fibers obtained from waste
mineral water bottles on the mechanical properties of M35 grade concrete. The experimental work consisted of collection and
preparation of PET fibers, mix design of concrete, casting of specimens, curing, and testing of concrete specimens for compressive,
split tensile, and flexural strength.

2.2 Materials Used
The materials used in this investigation were Ordinary Portland Cement (OPC) 53 Grade, fine aggregate, coarse aggregate, potable
water, and recycled PET fibers. All materials were tested according to relevant Indian Standard specifications before use.

2.2.1 Cement

UltraTech OPC 53 Grade cement conforming to IS 12269 was used throughout the investigation. The cement possessed adequate
strength and setting characteristics required for M35 grade concrete production. The physical properties such as fineness, standard
consistency, setting time, compressive strength, and soundness were determined before mix preparation.

2.2.2 Fine Aggregate
Natural river sand conforming to IS 383 was used as fine aggregate. The sand was clean, free from organic impurities, and belonged
to Zone II grading. The specific gravity and fineness modulus of sand were found to be 2.67 and 2.806 respectively.

2.2.3 Coarse Aggregate
Crushed angular coarse aggregate having a maximum size of 20 mm was used. The aggregates were tested for specific gravity,
impact value, crushing value, and grading. The specific gravity of coarse aggregate was found to be 2.80.

2.2.4 Water
Clean potable water available in the laboratory was used for both mixing and curing of concrete specimens. The water was free
from harmful salts, oils, acids, and organic matter.

2.2.5 PET Fibers

Waste PET mineral water bottles were collected from local restaurants and commercial establishments. The bottles were cleaned
thoroughly to remove labels and impurities. The neck and bottom portions of bottles were removed, and the remaining cylindrical
portion was manually cut into fibers. The PET fibers were prepared with a length of 25 mm and width of approximately 1-2 mm,
resulting in an aspect ratio of 25. The specific gravity of PET fibers was 1.34 and water absorption was negligible.

2.3 Concrete Mix Design
The concrete mix was designed as per IS 10262:2009 guidelines for M35 grade concrete. The mix design was carried out considering
severe exposure conditions and a maximum water-cement ratio of 0.45.

The final mix proportion obtained was:
Cement : Fine Aggregate : Coarse Aggregate=1:1.6:2.9

Table -1: Combined Mix Proportions per Cubic Meter

Mix ID Cement (kg/m?) Water (L/m?) Fine Aggregate | Coarse Aggregate PET Fiber
(kg/m?) (kg/m?) (kg/m?)
‘ MO (0%) 438 197 642 1111 0.00
‘ M1 (1%) 438 197 642 1111 4.38
‘ M2 (2%) 438 197 642 1111 8.76
‘ M3 (3%) 438 197 642 1111 13.14

2.4 Preparation of Concrete Mix

Concrete was prepared using Ready Mix Concrete (RMC) of M35 grade obtained from a batching plant. PET fibers were
incorporated into the concrete at different percentages of 0%, 1%, 2%, and 3% by weight of cement. The fibers were added gradually
during mixing to ensure uniform distribution throughout the concrete matrix. Adequate care was taken to avoid fiber balling and
segregation.

2.5 Casting of Specimens
The fresh concrete was poured into steel moulds that were properly cleaned and lubricated before casting. Concrete was placed in
three equal layers and each layer was compacted using a standard tamping rod with 25 blows per layer.

A total of 54 specimens were prepared, consisting of:
* 24 Cube specimens (150 mm x 150 mm % 150 mm)
* 24 Cylinder specimens (150 mm diameter X 300 mm height)
* 6 Beam specimens (150 mm x 150 mm % 750 mm)
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The specimens were labeled according to PET fiber percentage and testing age.

2.6 Curing of Specimens

After casting, all specimens were kept undisturbed for 24 hours at room temperature. The specimens were then demoulded and
transferred to a curing tank containing clean water maintained at a temperature of 27 = 2°C. Curing was carried out for periods of
7 days and 28 days to ensure complete hydration of cement and development of strength.

2.7 Testing of Concrete Specimens
After completion of the curing period, the specimens were removed from the curing tank, surface dried, and tested under laboratory
conditions.

2.7.1 Compressive Strength Test

The compressive strength test was conducted on cube specimens of size 150 mm x 150 mm X 150 mm using a Compression Testing
Machine (CTM). The load was applied gradually until failure occurred. The compressive strength was calculated by dividing the
ultimate load by the loaded area of the specimen.

2.7.2 Split Tensile Strength Test

The split tensile strength test was performed on cylindrical specimens of size 150 mm diameter and 300 mm height. The specimens
were placed horizontally in the testing machine and loaded diametrically until failure. The tensile strength was determined using
the standard split tensile strength equation.

2.7.3 Flexural Strength Test

Flexural strength tests were carried out on beam specimens of size 150 mm X 150 mm x 750 mm using a two-point loading
arrangement. The beams were tested until failure and the maximum load was recorded. Flexural strength was calculated using
standard IS code provisions.

2.8 Analysis of Results

The test results obtained from compressive strength, split tensile strength, and flexural strength tests were analyzed and compared
with conventional concrete. The influence of PET fiber content on mechanical properties was evaluated. The optimum PET fiber
percentage was identified based on overall strength performance and workability characteristics. The experimental findings were
used to assess the feasibility of utilizing recycled PET fibers as a sustainable construction material.

3. RESULTS AND DISCUSSION

3.1 Compressive Strength Test
Table -2: Average Compressive Strength of PET Fiber Reinforced Concrete

‘ PET Fiber Content (%) ‘ 7-Day Strength (N/mm?) 28-Day Strength (N/mm?)
| 0% | 17.77 26.28
| 1% | 18.32 26.85
| 2% | 18.69 27.32
| 3% | 18.32 27.04

[Chart -1: Avg. Compressive Strength in N'mm? — 7 Day and 28 Day — chart/graph as in original]

Discussion:

The compressive strength increased with the addition of PET fibers up to 2% fiber content. The maximum 28-day compressive
strength obtained was 27.32 N/mm? at 2% PET fiber, compared to 26.28 N/mm? for conventional concrete. The increase may be
attributed to the crack-arresting effect of PET fibers. Beyond 2% fiber content, a slight reduction in strength was observed due to
reduced workability and improper fiber distribution.

3.2 Split Tensile Strength Test
Table -3: Average Split Tensile Strength of PET Fiber Reinforced Concrete

‘ PET Fiber Content (%) ‘ 7-Day Strength (N/mm?) 28-Day Strength (N/mm?)
| 0% | 2.99 2.99
| 1% | 3.18 3.18
| 2% | 3.24 3.24
| 3% | 3.15 3.15

[Chart -2: Avg. Split Tensile Strength in N/mm? — 7 Days and 28 Days — chart/graph as in original]
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Discussion: The split tensile strength increased with the incorporation of PET fibers and reached a maximum value of 3.24 N/mm?
at 2% PET fiber content. PET fibers acted as crack-bridging elements, reducing crack propagation and improving tensile resistance.
A slight decrease in strength was observed at 3% fiber content due to fiber clustering and reduced workability.

3.3 Flexural Strength Test
Table -4: Average Flexural Strength of PET Fiber Reinforced Concrete

‘ PET Fiber Content (%) ‘ 7-Day Strength (N/mm?) 28-Day Strength (N/mm?)
| 0% | 2.52 3.53
| 1% | 3.49 4.84
| 2% | 4.00 5.64*
| 3% | 3.26 4.18

[Chart -3: Avg. Flexural Strength in N/mm? — 7 Days and 28 Days — chart/graph as in original]

Discussion:

The flexural strength showed significant improvement with the addition of PET fibers. The maximum flexural strength was achieved
at 2% PET fiber content. PET fibers enhanced the ductility and energy absorption capacity of concrete, resulting in better resistance
to cracking under bending loads. Excessive fiber content slightly reduced the flexural performance due to reduced workability.

3.4 Overall Discussion

The experimental results indicate that PET fibers positively influenced the mechanical properties of M35 concrete. The optimum
PET fiber content was found to be 2%, which provided the highest compressive, split tensile, and flexural strengths. The use of
recycled PET fibers improved crack resistance, ductility, and overall performance of concrete while providing an environmentally
sustainable solution for plastic waste management.

4. CONCLUSION

This study investigated the utilization of recycled PET bottle fibers in M35 grade concrete and evaluated their effect on compressive
strength, split tensile strength, and flexural strength. The experimental results demonstrated that the incorporation of PET fibers
improved the overall mechanical performance of concrete. The compressive strength increased from 26.28 N/mm? for conventional
concrete to 27.32 N/mm? at 2% PET fiber content, while the split tensile strength increased from 2.99 N/mm? to 3.24 N/mm?2.
Similarly, the flexural strength showed a significant improvement, reaching a maximum value of 5.64 N/mm? at 2% PET fiber
content. The enhancement in strength properties can be attributed to the crack-bridging action of PET fibers, which reduced crack
propagation and improved the ductility and toughness of concrete. However, beyond the optimum fiber content of 2%, a slight
reduction in strength was observed due to decreased workability and non-uniform fiber distribution. Therefore, 2% PET fiber
content was found to be the optimum percentage for achieving improved mechanical properties. The study confirms that recycled
PET fibers can be effectively utilized as a sustainable construction material, providing an environmentally friendly solution for
plastic waste management while enhancing the performance of concrete. The adoption of PET fiber reinforced concrete can
contribute to sustainable development and promote eco-friendly construction practices in the future.
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