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Abstract:

Concrete is the mostly consumed material in the field of construction across the world. It can be easily moulded
into any shape by the mixture of different materials such as cement, water, fine and coarse aggregate. In general, concrete
can withstand against compression than tension. Hence to improve the tensile characteristics of concrete, different types
of fibers can be incorporated to overcome strength and durability properties. Usually, fibers used in concrete are natural
and artificial fibers. Among them synthetic and steel fibers are used in the present study. These two types of fibers are
added in percentages of 0.5%, 1% and 1.5 % respectively by cement weight. The experimental investigation is carried
out to utilize the synthetic and steel fibers in M25 grade concrete for the development of strength characteristics in terms
of compression and are compared by performing destructive and non-destructive tests at curing and non-curing conditions.
The optimum percentages of fibers content is determined and comparison is made between the results obtained. The
results obtained are found to be satisfying the requirements.
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1. INTRODUCTION

Concrete Technology has become the major component in development of various infrastructure projects related
to Civil Engineering aspects. Concrete is the homogeneous material for various structural projects in world from the past
decades. As concrete is weak in tension and strong in compression, hence it is difficult to maintain the consistent behavior
of concrete in both strength and durability areas. An alternative method adopted for improving the tensile strength
parameters for concrete is by adding the various fibers such as natural and artificial fibers which is also economical. In
the present study artificial fibers such as synthetic and steel fibers are considered for the strength improvement. Addition
of fibers in concrete results in the development of new innovative material i.e. fiber reinforced concrete. This concrete
consists of the fibers which are distributed uniformly and oriented randomly. These fibers makes the concrete to withstand
against the brittle property and improves the ductility nature. Destructive and Non-destructive testing methods are used
for obtaining the strength values in compression phase of concrete. Destructive testing is performed using Compression
Testing Machine as per IS code 516 Part 1 Sec 1 2021 and nondestructive test is done by using Rebound Hammer Testing
as per IS code 516 Part 5 Sec 4 2021 respectively.

2. LITERATURE REVIEW

Mohammed Saed Yusuf (2023) et al. have focused mainly on high strength concrete by utilizing fibers in
concrete to enhance the strength parameters. The steel fibers were added in various percentages of 1%, 2%, and 3% and
the compressive strength of was found to be effective at 2 % addition of fibers [11]. Ramaiah Prakash (2022) et al. had
studied the effect of fibers on concrete strength [6]. Ashadul Islam (2021) et al. have compared the properties of concrete
by using three different types of fibers [1]. Peng Zhang (2021) et al. have conducted impact tests, RCPT, free and thaw
tests on concrete to investigate the effect of the steel fiber along with nano silica. Nano silica is considered of 3% and six
steel fiber percentages are chosen by volume in range of 0-2.5%. The optimum content is found to be at 1.5 % addition
of steel fibers [12]. Jevin Dobaria (2021) et al. have attempted to investigate properties of concrete with fibers like
synthetic Recron 3S fibers. These strength parameters included compression, split tensile and flexural properties [4].
Sardasht S Weli (2020) et al. have presented a review on inclusion of steel fibers in concrete and its effects as well as
improvements were discussed. Also concluded that application of these fibers had contributed to the increase in the
strength parameters [9]. Ashfaque Ahmed Jhatial (2018) et al. have used steel fibers in M20 grade concrete at percentages
of 1%, 2%, 3%, 4% and 5% and compared the results with conventional concrete and concluded that the addition of 3%
had shown the optimum results [2]. Alan E Richardson and Sean Landless (2018) had reviewed the various technical
research papers including steel and synthetic fibers applications in concrete for the improvement of strength and
durability. The research demonstrated that the usage of these fibers had shown a remarkable impact on various properties
of concrete [7]. Veronica Guerini (2018) et al. have studied the fresh and hardened properties of concrete by varying
water-cement ratios utilizing fibers. From the results it was concluded that steel fibers are more affected when compared
to synthetic fibers [2]. Lijina Thomas (2018) et al. have studied the influence of metallic and non-metallic fibers on
stiffening and cracking behavior of UPHC. Steel fibers (0.25, 0.5, 0.75, 1%) and synthetic fibers (0.1, 0.15, 0.2%) were
added to concrete and the optimum content was obtained at 0.75% and 0.15% of steel and synthetic fibers
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respectively [8]. Kiranbala Devi (2013) et al. have studied the parameters of fiber reinforced concrete and compared with
the normal concrete and the conclusions were drawn from the results. Addition of fibers converts the concrete into ductile
nature from brittle aspects by improving the tensile characteristics [5]. Jun-Mo Yang (2012) et al. have used two types of
fibers namely steel and synthetic fibers in order to study the behavior of beams of high strength concrete. Carbon, glass
fiber reinforced polymer concrete are cast and tested for parameters such as load carrying capacity, cracking responses
and ductility characteristics. The addition of fibers improved the properties of concrete [10].

3. METHODOLOGY AND EXPERIMENTAL INVESTIGATION

The experimental investigation is carried out to utilize the synthetic and steel fibers in M25 grade concrete for
the development of strength characteristics. These two types of fibers are added in percentages of 0.5%, 1% and 1.5 %
respectively by cement weight. Physical characteristics of materials are obtained from the tests conducted. Also
destructive and non-destructive tests are performed on the concrete specimens in order to obtain the strength parameters.
The strength properties are compared between curing and non-curing conditions. The specimens adopted for the entire
experimental study are 84. Analysis of results are observed to derive the conclusions of the study.

4. MATERIAL USED AND PROPERTIES

Cement is of OPC 53 grade of 3.06 specific gravity considered in the study. Natural River sand of Zone-III,
specific gravity 2.68 and fineness modulus 3.74 is used in the study. Crushed aggregates of 10 and 20 mm sizes of 2.76
and 2.78 specific gravity are used in the study. Potable water of pH value 7.1 is used in the present study. Synthetic fibers
and steel fibers are added by weight of cement in the concrete mix of grade M25. Two fibers used in the study are shown
in Figs. 1 and 2. Synthetic fibers are polypropylene fibers of waste cement bags.

Fig.1 Synthetic fibers Fig.2 Steel fibers

The nomenclature of concrete mixes used in the present study are listed below:
M1- M25 grade concrete with 0 % synthetic fibers

M2 - M25 grade concrete with 0.5% synthetic fibers

M3- M25 grade concrete having 1% synthetic fibers

M4- M25 grade concrete with 1.5% synthetic fibers

M5- M25 grade concrete with 0 % steel fibers

M6- M25 grade concrete with 0.5 % steel fibers

M7- M25 grade concrete with 1% steel fibers

M8- M25 grade concrete with 1.5 % steel fibers
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5. TEST RESULTS AND ANALYSIS

The values of strength in compression of M25 grade concrete using synthetic fibers at 7 and 28 days curing and
non-curing conditions (air or ambient curing) from destructive and non-destructive testing methods are represented in
Tables 1 and 3 and also their variations are shown in Figs. 3, 4 and 7. The values of strength in compression of M25 grade
concrete using steel fibers at 7 and 28 days curing and non-curing conditions from destructive and non-destructive testing
methods are represented in Tables 2 and 4 and also their variations are exhibited in Figs.5, 6 and 8 respectively. The
results of destructive and non-destructive testing methods on all the concrete mixes are discussed in sections 5a and Sb
respectively.
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5a. Destructive Testing Methods

Table 1. Compressive strength of concrete of M25 grade using synthetic fibres at various curing conditions

Compressive strength (N/mm?)

7 days
Non-Curing

28 days

Mix Type 7 days Curing Non-Curing

28 days Curing

M1 29.26 25.44 33.28 29.83

M2 32.69 28.90 44.30 34.00

M3 31.26 26.42 40.06 31.23

M4 29.80 25.10 36.43 29.02
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Fig.3 Comparison of compressive strength of M25 grade concrete with and without synthetic fibres at 7 and 28
days of curing
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Fig.4 Comparison of compressive strength of M25 grade concrete with and without synthetic fibres at 7 and 28
days of non-curing conditions (Ambient curing)

Table 2. Values of compressive strength of M25 grade concrete with and without steel fibres at 7 and 28 days of
curing and non-curing conditions

Compressive strength (N/mm?)

Mix Type 7 days Curing Noz-(gz:ing 28 days Curing Nozr?- gzﬁng
M5 29.26 25.44 33.28 29.83
M6 31.66 2743 42.73 32.62
M7 34.67 31.56 4532 36.84
M8 30.51 26.22 39.65 31.45
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Fig.5 Comparison of compressive strength of concrete of M25 grade using steel fibres at various curing conditions
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Fig.6 Comparison of compressive strength of concrete of M25 grade using steel fibres at ambient curing condition

From Figs.3 and 4, it concluded that the maximum percentage increase in compressive strength of M25 grade
concrete at 28 days curing are 33.11, 20.37 and 9.47 % for 0.5,1 and 1.5 % addition of synthetic fibers respectively.
Similarly, the increase in percentage of compressive strength of M25 grade at 28 days curing are 28.39, 36.17 and 19.14
% for 0.5,1 and 1.5 % of steel fibers respectively are observed clearly form Figs. 5 and 6. Considering the strength values
regarding non-curing conditions, the concrete with 0.5 % synthetic fibers has exhibited more when compared to other
mixes. Similarly, the concrete with 1% steel fibers has shown higher values of compressive strength than the other
concrete mixes.

5b. Non-Destructive Testing Methods
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Rebound Hammer Test is conducted on the concrete specimens to obtain the compressive strength values and
then comparison is done between the concrete mixes with and without addition of fibers which are tabulated in Tables 3
and 4.

Table 3. Rebound compressive strength of concrete of M25 grade using synthetic fibers at various curing

conditions
Compressive strength (N/mm?)
7 days 7 days 28 days 28 days
Mix Type
Curing Non-Curing Curing Non-Curing

M1 26.54 22.52 32.63 26.74

M2 28.20 23.34 36.42 30.23

M3 26.50 21.72 33.00 28.67

M4 23.65 20.84 29.66 27.13
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Fig.7 Variation of Rebound compressive strength of concrete of M25 grade using synthetic fibers at various curing
conditions

Table 4. Rebound compressive strength of concrete of M25 grade using steel fibers at various curing conditions

Compressive strength (N/mm?)

7 days 7 days 28 days 28 days

Mix Type Curing Non-Curing Curing Non-Curing
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M35 26.54 22.52 32.63 26.74

Mo 24.26 21.10 35.33 25.42

M7 29.54 24.45 37.60 29.76

M8 28.32 20.54 33.14 24.93
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Fig.8 Variation of Rebound compressive strength of concrete of M25 grade using steel fibers at various curing
conditions

From Figs.7 and 8, the percentage increase in Rebound compressive strength of M25 grade concrete at 28 days
curing is maximum by 11.6 % at 0.5 % utilization of synthetic fibers. Similarly, percentage increase in compressive
strength of M25 grade concrete at 28 days curing is 15.23 % for 1 % addition of steel fibers.

6. CONCLUSIONS
The important aspects obtained from the tests results using fibers under curing and non-curing conditions:

1. Among steel and synthetic fibers, steel fibers has shown higher effectiveness in compressive strength when
compared to conventional concrete and concrete with synthetic fibers under both curing conditions.

2. Addition of synthetic fibers at 0.5 % by weight of cement has shown the more strength values of concrete for both
destructive and non-destructive testing methods under curing and non-curing conditions.

3. Steel fibers at 1 % by weight of cement has attained higher compressive strength values for both destructive and
non-destructive testing methods under curing and non-curing conditions.

4. Among synthetic and steel fibres, steel fibre exhibits more efficiency in improvement of compressive strength when
compared to synthetic fibres made from reused cement bags. The effect of synthetic fibre in concrete is less due to its low
shear modulus in the phase of compression.
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5. Utilization of synthetic fibers from waste cement bags has developed a new sustainable ecofriendly concrete in the
modern era of construction technology along with steel fibers.

References:

1. Ashfaque Ahmed Jhatial, Samiullah Sohu, Nadeem-ul-Karim Bhatti, Muhammad Tahir Lakhiar and Raja Oad
(2018). Effect of steel fibers on the compressive and flexural strength of concrete. International Journal of
Advanced and Applied Sciences, 5(10), 16-21. doi:10.21833/IJAAS.2018.10.003

2. Guerini, Veronica, Antonio Conforti, Giovanni Plizzari, and Shiho Kawashima. (2018).Influence of steel and
macro-synthetic fibers on concrete properties. Fibers 6, No. 3, 47. doi:10.3390/FIB6030047

3. Islam, Ashadul, Aojoy Kumar Shuvo, Showaib Ahmed Chowdhury, Shayla Sharmin, and Mehedi
Hasan(2021).A comparative study on the properties of natural, synthetic and steel fiber reinforced concrete.
Journal of Civil Engineering and Construction 10, No. 4, 216-224. doi: 10.32732/JCEC.2021.10.4.216

4. Jevin N. Dobaria and Kishan Vekariya (2021). Effect on Strength and Durability of Synthetic fiber-reinforced
concrete with use of fly ash and silica fume, Vol-7, IJARIIE, Issue-3, 344-351. doi: 16.0415/IJARIIE-14198

5. Kiranbala, D., and S. Bishwortij (2013). Effects of steel fibers in reinforced concrete. International Journal of
Engineering Research & Technology 2, No. 10, 2906-2913. doi: 10.17577/IJERTV21S101024

6. Prakash, Ramaiah, Nagarajan Divyah, Sundaresan Srividhya, Siva Avudaiappan, Mugahed Amran, Sudharshan
Naidu Raman, Pablo Guindos, Nikolai Ivanovich Vatin, and Roman Fediuk (2022).. Effect of steel fiber on the
strength and flexural characteristics of coconut shell concrete partially blended with fly ash. Materials 15, No.
12, 4272. doi :10.3390/mal5124272

7. Richardson, Alan, and Sean Landless (2009). Synthetic fibers and steel fibers in concrete with regard to bond
strength and toughness. North Umbria Working Paper Series: Interdisciplinary Studies in the Built and Virtual
Environment 2, No. 2, 128-140.

8. Thomas, Lijina, and J. S. Jithin (2018). Effect of Steel and Polypropylene Fiber on the Tension Stiffening of
Ultrahigh-performance Concrete. International Journal of Engineering and Advanced Technology (IJEAT), 8,
44-47.

9. Weli, Sardasht S., Imad Shakir Abbood, Kamalaldin F. Hasan, and Mohammed A. Jasim (2020).Effect of steel
fibers on the concrete strength grade: a review. In IOP Conference Series: Materials Science and Engineering,
Vol. 888, No. 1, p.012043. doi: 10.1088/1757-899X/888/1/012043

10. Yang, Jun-Mo, Kyung-Hwan Min, Hyun-Oh Shin, and Young-Soo Yoon (2012) .Effect of steel and synthetic
fibers on flexural behavior of high-strength concrete beams reinforced with FRP bars. Composites Part B:
Engineering 43, 1077-1086. doi: 10.1016/J.COMPOSITESB.2012.01.044

11. Yusuf, Mohammed Saed, Abdirisak Bashir Isak, Guled Ali Mohamud, Abdullahi Hashi Warsame, Yahye
Ibrahim Osman, Abdullahi Husein Ibrahim, and Liban Abdi Aziz Elmi (2023) Effect of Steel Fiber on Concrete’s
Compressive Strength. Open Journal of Civil Engineering 13, No. 1, 192-197. doi : 10.4236/0OJCE.2023.131014

12. Zhang, Peng, Hongsen Zhang, Guo Cui, Xiaodong Yue, Jinjun Guo, and David Hui (2021).Effect of steel fiber
on impact resistance and durability of concrete containing nano-SiO2.Nanotechnology Reviews 10, No. 1,504-
517. doi: /10.1515/NTREV-2021-0040



https://trpub.org/index.php/IJOS/index
https://trpub.org/index.php/IJOS/index
https://trpub.org/index.php/IJOS

