RECENT TREND IN CIVIL ENGINEERING AND BUILT
ENVIRONMENT

e-ISSN: 2773-5303 RTCEBE

Vol. 6 No. 1 (2025) 269-275
https://publisher.uthm.edu.my/periodicals/index.php/rtcebe

Exploratory Study on Concrete Tensile and Compressive
Strength with Varying Lengths of Nylon Strings

Muhammad Idlan Haris Mohamed Amin?, David Yeoh Eng Chuan

1 Faculty of Civil Engineering and Built Environment
Universiti Tun Hussein Onn Malaysia, Batu Pahat, 86400, MALAYSIA

*Corresponding Author: david@uthm.edu.my
DOI: https://doi.org/10.30880/rtcebe.2025.06.01.028

Article Info Abstract

Received: 08 January 2024 The study aims to develop nylon-fiber-reinforced concrete by adding
Accepted: 15 April 2024 2% per unit volume of 0.16 mm diameter nylon fibers to concrete. It
Available online: 6 May 2025 investigates the impact of varying nylon fiber lengths (0 mm, 25 mm, 50

mm, and 75 mm) on the tensile and compressive strength of the
concrete. The tensile and compressive strengths were measured after a

Keywords 28-day curing period. Results showed that concrete with 25 mm fiber
Nylon string, nylon fiber lengths, length exhibited the highest tensile strength (1.21 MPa), 1.09 times
tensile strength, compressive stronger than ordinary concrete. The compressive strength of the 25
strength, admixture mm nylon concrete was also higher (32.43 MPa) than the control

samples. Despite meeting C25 concrete specifications, the study
suggests further research on the impact of fiber length and diameter, as
well as exploring bending, flexural strength, and other factors for a
more comprehensive understanding.

1. Introduction

Concrete, a material made of aggregates which have been mixed with water and cement, is considered one of the
most important resources in the development of human civilizations. Its high compressive strength is also a
factor in why concrete is still being used in the construction of buildings and other structures. However, while
concrete structures possess a high compressive strength, its low tensile strength causes it to crack easily when
subjected to tension within the structural elements. To overcome the low tensile strength of concrete, concrete
composite materials have been created. These composite material concrete mixtures are typically made from
concrete mixed with fibrous materials with higher tensile strength. Concrete reinforced with fibers can increase
the tensile strength, its compressive strength, improve the fracture toughness, as well as the impact resistance
(Wu, et al. 2020). A study by Mukhopadhyay (2009) states that the production of nylon has increased steadily
over the years. It also states that nylon fibers are used in the manufacturing of many types of components, which
would add to the ease of access to nylon fibers. The objectives of this study were to determine the tensile and
compressive strength of concrete with and without nylon fibers and to analyze the difference in tensile strength
of concrete with different nylon fiber lengths. This study addresses the issue of low tensile strength in concrete,
leading to cracking and structural deformities under tensile stresses. It aims to counteract this problem by
examining the high tensile properties of fiber-reinforced concrete. The research focuses on determining the
optimum length of nylon fibers to maximize tensile strength in concrete samples, as well as study the effects of
the nylon fibers on the compressive strength of the concrete samples. Additionally, the study explores the use of
nylon fibers as a readily available material to enhance the overall strength of concrete.
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2. Materials and Methods

This segment covers the discussion of the materials and methods used in this study. All materials and
methodologies utilized within the scope of this study were selected based on their availability at Universiti Tun
Hussein Onn Malaysia (UTHM).

2.1 Properties of Materials

The materials used in this study were cement, fine and coarse aggregates, water, and nylon fibers.

)] Cement
For the purposes of this study, Ordinary Portland Cement (OPC) was used to create concrete. Concrete is
created when cement is used as a binder of aggregates with the added presence of water. Portland cement is
one of the most used cements in the globally and was available at the laboratory making the use of OPC
more accessible.

(i) Fine and coarse aggregates
Fine and coarse aggregates were used for the mixing of concrete in this study. Coarse aggregates generate
the characteristic strength found in concrete, while fine aggregates fill up the voids in between the coarse
aggregates to decrease the presence of voids within the concrete mixture, ensuring a lower possibility of
cracking or other structural failures when the concrete is subjected to stresses and strains (Mahmud, 2016).
Both were sieved to remove contaminants that may affect the concrete mixing.

(iii) Water
The water that was used to mix the concrete was tap water. As said by Hover (2011), water is a requirement
in concrete due to its ability to facilitate the chemical reactions required for the generation of strength and
durability within the concrete mixture. However, failure to monitor the water to cement ratio would
decrease accuracy and prevent the concrete from achieving the target grade.

(iv) Nylon fibers
The tensile strength of a material is often referred to the amount of stretching and pulling forces it can
endure before breaking or failing. As mentioned by Sanders (2019), nylon is often regarded as a fiber with a
high amount of tensile strength. The addition of nylon fibers within concrete can be classified as fiber-
reinforced concrete (FRC). Based on the studies and tests conducted by the past researchers, it can be said
that by adding nylon fibers within concrete mixtures, the overall mechanical properties of the concrete
sample will increase as well.

2.2 Methods

Two tests were conducted during this study, a compressive strength test and a tensile strength test. Four sets of
samples were created for each test, with one set serving as the control sample set. The other three sample sets
had different lengths of nylon fiber, which were 25 mm, 50 mm, and 75 mm. The diameter and unit volume
percentage were kept constant between samples, which were 0.16 mm and 2% respectively. For the
compressive strength tests, 100 mm x 100 mm x 100 mm cubes were created and 200 mm height and 100 mm
diameter cylinders were created for the tensile strength tests. These tests were performed according to the
guidelines set by British Standard BS EN 12390-1. Table 1 and Table 2 shows the design mix for the samples.

Table 1 Concrete samples for the compression test

Number Volume of Concrete Curlr.lg Cement Water Fine Coarse

of samples samples grade duration content content aggregate  aggregate
(m?) (day) (kg) (kgorl) (kg) (kg)

18 0.02 C25 28 7.96 3.80 15.30 22.94

Table 2 Concrete samples for the split-tensile test

Number Volume of Concrete Curlr.lg Cement Water Fine Coarse

of samples samples grade duration content content aggregate  aggregate
(m?) (day) (kg) (kgorL) (kg) (kg)

20 0.032 C25 28 12.67 6.08 24.48 36.70

Three tests were performed on both the fresh and hardened concrete samples. The first test which was
performed on the fresh concrete samples was the slump test, whereas the compression test and the split-tensile
test were performed on the hardened concrete samples. For the slump test, the equipment involved a metallic
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cone mould with the dimensions of a height of 300 mm, a top diameter of 100 mm, and a bottom diameter of 200
mm. Based on the British Standard BS EN 12350-2, three layers of concrete were filled inside the mould, with
each layer being tamped with a tamping rod 25 times between each layer. To achieve the optimal results in a
slump test, the resulting slump had to be a true slump after performing the test. After the concrete mix was
deemed satisfactory, the samples were then placed in their moulds in layers with each layer being tamped 25
times and left for 24 hours, after which the samples were placed in curing tanks.

|

J A b : & b)

Fig. 1 (a) Slump test conducted on concrete mix sample; (b) Slump value observed from the concrete mix sample

The compression test performed was based on the British Standard BS EN 12390-3. 18 samples of concrete
cubes were tested once the concrete had hardened after curing for 28 days. Three control samples were
produced, and five samples were created for each difference in length of nylon fibres which were 25 mm, 50 mm,
and 75 mm. Each concrete cube sample had a volume of 0.001 m3, and with five samples and 10% of wastage
accounted for each sample, the total volume of the samples in each category was 0.0055 m3. The equipment
involved in the testing process was a Universal Testing Machine (UTM), where a load was continually applied
onto the samples at a rate which is constant until the sample broke or failed. For the split-tensile strength test,
the number of cylindrical concrete samples that was used was 20. Five samples were created for the control
samples as well as each difference in length of nylon fibres which were 25 mm, 50 mm, and 75 mm. Each
concrete cylinder sample had a volume of 0.00157 m3, and with five samples in each set of categories and 10% of
wastage accounted for each sample, the total volume of the samples was 0.00863 m3. The test performed
followed the guidelines stated in the British Standard BS EN 12390-6 to acquire the optimal results. Much like
the previous test, the tensile strength test was conducted using the UTM. A diametral compressive load was
applied constantly along the length of the cylindrical concrete sample until cracking or failure occurred. The data
collected from the tests were tabulated and analysed to obtain the tensile strength of the concrete cylinder
samples. Figure 2 shows the samples during the test.

(@) (b)
Fig. 2 (a) Concrete cube sample under compression in UTM; (b) Splitting test performed on sample using the UTM

3. Results and Discussion

The results of this study were derived from laboratory tests and experimental observations. This section delves
into the outcomes of tests examining density, compressive strength, and split-tensile strength.
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3.1 Density of Concrete

It was observed that the average densities of the concrete cube samples increased at 25 mm length of nylon
fiber, however decreased at 50 mm, and slightly increased again at 75 mm. It was noted that the densities of the
concrete cubes increased after curing. For the concrete cylinder samples, the average densities decreased
compared to the control samples, however increased at a steady rate with the addition of longer fibers. It was
noted that the densities of the samples increased after curing. Figures 3 and Figures 4 shows the densities of the
samples.
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Fig. 3 Average density of concrete cube samples
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Fig. 3 Average density of concrete cylinder samples

3.2 Compressive Strength of Concrete Samples

Based on Figures 4 and 5, as the length of nylon fibers increases in concrete samples, their average compressive
strength decreases. The peak compressive strength occurs at a length of 25 mm, followed by a decline at 50 mm
and stabilization at 75 mm. Notably, concrete cubes with added nylon fibers exhibit higher average compressive
strength compared to control samples. The study's results reveal that, after 28 days of curing, concrete with 2%
nylon fibers (0.16 mm diameter, 25 mm length) achieves optimal compressive strength at 32.43 MPa. In
contrast, samples with 50 mm and 75 mm nylon fibers show lower average compressive strengths at 30.81 MPa
and 30.84 MPa, respectively. The marginal increase at 75 mm is considered negligible. Past research indicated
optimal strength at 50 mm length, but due to nylon fiber diameter, the 25 mm length achieved optimal strength.
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LENGTH OF NYLON FIBRE ADDED IN CONCRETE VS
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Fig. 4 Average compressive strength of concrete with and without nylon fibre in concrete

3.3 Tensile Strength of Concrete Samples

Based on Figures 5 and 6, the average compressive strength in concrete peaks at 25 mm length of nylon fiber,
diminishes at 50 mm, and slightly increases at 75 mm. However, in contrast to the compressive strength test
results, the tensile strength weakens with increased nylon fiber length, falling below the control sample's tensile
strength. Based on the study's findings, the ideal length for added nylon fibers in concrete mixtures is
determined to be 25 mm. The addition of 25 mm nylon fibers (0.16 mm diameter, 2%-unit volume concrete) as
an additive for concrete yields an ideal tensile strength of 1.21 MPa after 28 days of curing. Other samples
exhibit lower tensile strength values, with 50 mm and 75 mm lengths of nylon fibers showing average tensile
strengths of 1.05 MPa and 1.09 MPa, respectively. The fluctuations in tensile strength values, with a slight
increase at 75 mm, is possibly attributed to the nylon strings compacting in the concrete and marginally
enhancing tensile capabilities.
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Fig. 5 Average tensile strength of concrete with and without nylon fibre in concrete
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4. Conclusion

In conclusion, the study successfully explored and achieved its objective in examining the impact of nylon fibers,
along with different lengths of nylon fibers, as an additive material in cement on the tensile strength of concrete.
The results of the study are described below:

e The density of cylindrical samples increased steadily with the length of nylon fiber, indicating a
proportional rise in water absorption. This suggests that longer nylon fibers may retain moisture during
curing, enhancing sample density. In terms of tensile strength, samples with 25 mm length nylon fibers
demonstrated an increase compared to control samples, while other samples showed lower tensile
strength, possibly due to characteristics of nylon fibers disrupting the concrete bond. The study
suggests that 25 mm length nylon fibers, comprising 2% of unit volume concrete and with a diameter of
0.16 mm, are optimal for enhancing tensile strength in concrete mixtures. The correlation between
increased density and tensile strength may be attributed to longer fibers creating denser samples, but
potential issues like fiber bunching or compaction errors could weaken the concrete structure.

e Samples with 25 mm length nylon fibers showed a significant increase in tensile strength from 1.11 MPa
to 1.21 MPa compared to control samples. However, as the nylon fiber length increased to 50 mm, the
average tensile strength decreased to 1.05 MPa, reaching its lowest value in the study. At 75 mm length,
the average tensile strength slightly increased to 1.09 MPa. The pattern indicates that while the addition
of nylon fibers enhances tensile strength, lengths beyond 25 mm may weaken it, falling below the
average tensile strength of conventional concrete. In terms of compressive strength, the results parallel
the tensile strength findings, with the average compressive strength of every concrete sample
containing added nylon fibers still surpassing control samples. The 25 mm length nylon fiber samples
exhibited the highest compressive strength at 32.43 MPa. Despite the study's focus on tensile strength,
the results demonstrate that adding nylon fibers to concrete enhances various factors, including
compressive strength, potentially achieving C25 grade standards.

There are recommendations for further research, which are described below:

e Considering the diameter and percentage of the nylon string fiber will influence the tensile strength of
the concrete, adjusting them will expand the scope of this exploratory inquiry. Thus, the optimal tensile
strength may be compared if the diameter or percentage changes but the length of fiber added stays the
same.

e Itis conceivable to expand up to 100 mm and 125 mm of nylon fiber as extra nylon fiber length
parameters. As a result, the ultimate strength of concrete after the addition of newer nylon fiber lengths
may be determined. It will also be helpful to obtain the pattern of the strengthening component of the
concrete.

e This study focused exclusively on the concrete's tensile and compressive strengths. Investigating the
effects of the percentages on the bending and flexural strength, among other things, is therefore
recommended for a more thorough research outcome.

e Extreme care should be taken when performing the manual tests and sample preparation as poor
implementation of procedures will result in faulty and defective findings. The objectives and the scope
of the study would not be achieved.
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