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Abstract: The article analyses the mechanical stability of
concrete with additions of rayon fibre by determining the fresh
property like workability and strength properties like compressive
strength, split tensile strength and flexural strength of concrete of
grade M30.The effect of rayon fibre on reinforced concrete in
variations of 0%, 0.1%, 0.15% and 0.2% was studied. This work
includes the casting and testing of rayon fibre reinforced concrete.
The test was conducted after 7 days and 28 days and the results
were compared with conventional concrete.The mix design of
strength of 30 N/mm2 was implemented using Indian Standard
method.Concrete is extensively used in the construction industry.
Traditional concrete is incapable of taking higher tensile stress
and hence fails upon tensile stress. The Rayon fibre induced
concrete is an excellent substitute for this problem. This paper
reports on the results of an experimental investigation for
assessing the behavior of rayon fibre in reinforced concrete and
alsoto study the properties of materials and procedure of mix
design of fiber reinforced concrete. The main motive is to
determine the properties of concrete by adding rayon fibre to the
concrete in certain percentage and comparing it with the
traditional concreteand physical characteristics of rayon fibres.
Rayon fibre is a manufactured fibre made out of natural sources
such as wood, agricultural products that are regenerated and
cellulose fibre, which can be used to enhance the bending
characteristics of concrete.Micro fibres like rayon provide
flexibility and also act as reinforcement. Rayon fibre reinforced
concrete can be used in the construction of mega structures.
Keywords: Rayon viscose fibre, Fibre reinforced concrete,
Flexural behaviour, mechanical properties

enhance the tensile properties of concrete is by using fibers in
concrete.Based on the origins of natural fibers, they are
usually classified in three groups, namely- plant, animal, and
mineral [5]. It is used in concrete to control cracking due to
plastic shrinkage, to reduce the permeability of concrete and
thus reduce the bleeding of water. The amount of fibers added
to a concrete mix is expressed as a percentage of the total
volume of the composite (concrete and fibers), termed as
"volume fraction" typically ranges from 0.1 to 0.2%. If the
fibber’s modulus of elasticity is higher than the matrix
(concrete or mortarbinder), they help to carry the load by
increasing the tensile strength of the material. Thus, concrete
containing cement, water, aggregate and discontinuous,
uniformly dispersed or discrete fibers is called Fibre
Reinforced Concrete (FRC).Fiber Reinforced Concrete
(FRC) is a composite obtained by adding a single type or a
blend of fibers to the conventional mix which increases its
structural integrity. Fibers are uniformly distributed and
oriented in FRC. Properties of FRC vary with type of concrete
used, fiber material, geometries, distribution, orientation and
densities. To compensate the brittleness behavior of plain
concrete, fiber reinforced concrete is often considered as an
alternative. The main objective of this report is to study the
bending behaviour of the bendable reinforced concrete with
rayon fibres.The ordinary concrete lacks in compressive
strength, flexural strength, bending and workability. This
study is carried out to utilize rayon concrete to fulfil these
properties.

I. INTRODUCTION

II. MATERIALS AND METHODS

Concrete is the frequently used in construction around
the world. However, concrete has low tensile strength, and
low energy absorption when compared to concrete’s
compressive strength. Concrete would lead to better
performance by improving its toughness (tensile strength) and
by minimizing the defects in concrete. An effective way to
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A. Material used

The materials used in the experimental behaviour of rayon
fibre in reinforced concrete are cement, coarse aggregate, fine
aggregate and rayon fibre.
i. Cement

Ordinary Portland cement of grade of M30 was used with an
initial setting time of 30 minutes and final setting time of 10
hours. Ordinary Portland cement is vastly used in the
construction field. The ingredients of the cement are
Argillaceous or silicates of alumina in clay form and also
shale. Calcareous or calcium carbonate, which is in the form
of limestone, chalk and marl which is a mixture of clay and
calcium carbonate.
ii. Coarse Aggregates

Locally available coarse aggregates were used. The coarse
aggregate used were of size 10 mm and was implemented in
all tests performed on the concrete.
iii. Fine Aggregates
Locally available M-sand (Manufactured sand) was used.
M-sand is an excellent substitute of river sand and is
extensively used in the
construction industry.
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Manufactured sand is mainly produced from hard granite
stone by crushing. The size of manufactured sand (M-Sand) is
less than 4.75mm.
iv. Rayon Fibre

Rayon viscose fibres as shown in fig.1 having a specific
gravity 1.14 and density 1.53 g/cm3 were used. The cost of
rayon was Rs.170/kg.

B. Compressive Strength Test
The compression test was conducted as per IS 516:1964 at
the rate of 140 kg/cm/min and the ultimate loads were noted
down. First the bearing surface of the machine was wiped off
nicely and the specimen surface was cleaned. Then the
specimen was placed in the testing machine and the axis of
alignment was placed at the centre of the loading fame. The
load was applied till the specimen failed and the maximum
load attained was noted.
B. Split Tensile Strength Test
The split tensile strength for cylinders was conducted as per
IS 516:1964. The cylinders were placed in the universal
testing machine horizontally between the loading surfaces
and the load was applied until the specimen failed. The failure
load was recorded. The result for the Split Tensile Strength
test is given in fig.6.

Fig. 1 Rayon Fibre
III. METHODOLOGY
The mechanical stability of rayon fibre reinforced concrete is
analyzed by conducting the compression, splitting tensile
strength and flexural tests on hardened concrete of grade
M30. The concrete is mixed based on Indian standard method
as per codal provision of IS 10262:2019. The workability of
concrete to mix, transport and place it in the moulds, is to be
checked by conducting slump cone test. Three cubes of size
150mm x150mm, cylinder of diameter150 mm and height
300mm and prism of size 100 mm x 100 mm x 500mm were
casted foe each batch of testing. The mechanical strength of
all samples were evaluated and interpreted after 7th and 28th
day of curing under potable water.
A. Mix Design
The various dosages of rayon by % weight of cement adopted
are 0%, 0.1%, 0.15% and 0.2%. The concrete used in this
work was M30 grade and a water-cement ratio adapted was
0.45. The concrete mix was designed as per IS 10262:2019,
the mix proportion is given in the table 1. [1]

C. Prism Test For Flexural Strength
The prism was implemented with a 5mm diameter TMT bar
while casting and the flexural strength for the concrete prism
was conducted as per IS 516:1964. The concrete prisms were
loaded by two-point loads placed at the third points along the
span. The load is monotonically increased until flexural
failure occurs. Based on the peak load, the peak flexural stress
within the prism is calculated. The result for the flexural
strength is shown in fig.7.
IV. RESULTS AND DISCUSSION
A. Slump Test For Workability
It was observed from table Ⅱ and fig.2 that the slump value
increased up to 0.2% of fibre content as the fibre was holding
the mix intact to some extent. Slump value decreases by 15%
of rayon fibre at 0.25% because the mix became heavy and
formed lumps due to improper distribution and mixing.
Mixing of fibre in concrete became difficult as the fibre
content went more than 0.2% and workability decreased as
the fibre percentage had increased. There was an increase in
slump value by 7.5% for 0.1%, 12.5% for 0.15% and 18.7%
for 0.2% dosages of fibre due to better disperse of fibres

Table I. Mix Design Ratio for M30 Concrete
M30 mix

Cement

Fine
Aggregates

Coarse
Aggregates

Water

Qty
(kg/m3)
Ratio

520

692

1493

234

1

1.33

2.87

0.45

Table Ⅱ. Slump values
Fibre content
Slump Value (mm)
(%)
0

80

0.1

86

0.15

90

0.2

95

0.25

83

B. Slump Test for Workability
The slump test for workability for the concrete was
conducted as per IS 1199:1959. The test was carried out in the
laboratory and the ideal sump value for a M30 mix should be
75mm ± 25mm.The slump test was conducted for 0%, 0.1%,
0.15%, 0.2% and 0.25% of rayon fibre. The obtained results
were noted down in millimetres.
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Fig.4 Failure in 0% Fibre Cube

Fig.2Variation of slump values
B. Compressive Strength Test
From table Ⅲ, table Ⅳ and fig.3 it was found that the cubes
with rayon fibre had taken more load than conventional mix as
the fibre was holding the materials steady and intact. There
was an increase in the compressive strength as the percentage
of fibre increased because the fibre enhanced the mix. The
compressive strength had increased by 8.1% for 0.1%, 13.5%
for 0.15% and 19% for 0.2% respectively compared to the
ordinary cubes. It was found that there was more compression
failure in the ordinary cubes compare to the cubes with rayon
fibre as shown in fig.4 and fig.5.
Table Ⅲ. Test results for 7 days
Fibre %

Load
(kN)

Compressive
Strength
(KN/mm2)

0

500

22.22

0.1

540

24

0.15

610

27.11

0.2

640

28.44

Table Ⅳ. Test results for 28 days
Fibre %

Load
(kN)

Compressive
Strength
(KN/mm2)

0

500

22.22

0.1

540

24

0.15

610

27.11

0.2

640

28.44

Fig.5 Failure in 0.1% Fibre Cube
A. Split Tensile Strength Test

From table Ⅴ and table Ⅵ and fig 6 it was observed that the
cylinders with rayon fibre had taken more load compare to
conventional mix due to the bonding provided by fibre.There
was an increase in split tensile strength as the percentage of
fibre increased because the rayon fibre is very good in tensile.
It was also found that the split tensile strength had increased
by 19% for 0.1%, 24% for 0.15% and 29% for 0.2%
respectively compared to the ordinary cylinder. This is due to
proper anchorage of cement concrete matrix offered by the
rayon fibres.
Table Ⅴ. Test results for 7 days
Fibre %

Load (kN)

Split tensile strength
(KN/mm2)

0
0.1
0.15
0.2

150
165
175
185

2.12
2.33
2.47
2.61

Fig.3 Variation of compressive strength of concrete
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Fibre %
0
0.1
0.15
0.2

TableⅥ. Test results for 28 days
Load (kN)
Split tensile strength
(KN/mm2)
150
165
175
185

2.12
2.33
2.47
2.61
Fig.8 Bending in 0% of Rayon Fibre

Fig.6 Variation of Split tensile strength of concrete
B. Prism Test For Flexural Strength
It was observed from table Ⅶ and fig 7that reinforced
concrete with 0.2% of rayon fibre could take more loads and
has shown more bending behaviour comparatively as the fibre
provided good bending characteristics. Compare to
conventional reinforced concrete prism, the flexural strength
of the prism has increased as the percentage of fibre increased
as the fibre showed good binding characteristics. The flexural
strength has increased by 6% for 0.1%, 21% for 0.15% and
26.3% for 0.2% of fibre. Rayon fibre in reinforced concrete
prevents the prism to fail to certain extent compared to the
normal reinforced concrete as depicted in fig.8-11. This is due
to significance contribution of rayon fibres to the bending
tensile and compressive strength of prisms.

Fibre %
0
0.1
0.15
0.2

Table Ⅶ. Test results for 28 days
Load (kN)
Flexural
strength
(KN/mm2)
28.5
30
34.5
36

Fig.9 Bending in 0.1% of Rayon Fibre

Fig.10 Bending in 0.15% of Rayon fibre

14.25
15
17.25
18

Fig.11 Bending in 0.2% of Rayon Fibre
Fig.7 Variation of Flexural strength of reinforced
concrete
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V. CONCLUSION
The rayon fibre enhanced the mechanical strengths of the
concrete. Addition of rayon concrete improved the
workability of conventional M30 mix up to 0.2% of the fibre in
the mix.
Optimum results were obtained in 0.2% of rayon fibre
content. Adding fibres beyond 0.2% is not advisable as the
mixing results in segregation and formation of lumps which
further develops void in the mix as the voids result in drastic
decrease in strength. The rayon fibre binds the materials
firmly and showed slight increase in the compressive strength
and substantial increase in the tensile strength.
The excellent tensile property of the fibre induced into the
concrete. Optimum bending behaviour was achieved in
samples with0.2% of rayon fibre as itcontributedsupplemental
strength to the steel reinforcement in the prism as well as it has
reduced widths of cracks exhibiting its flexibility. Based on
the results of compression, split tensile and flexural test, the
concrete with 0.2% of rayon fibre has exhibited better
mechanical stability under different types of loads. Hence, it
is recommended to use the Rayon Fibre concrete structure in
residential and commercial buildings.

14.

15.

16.

17.
18.

19.

20.

21.

22.

REFERENCE
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

J. Anto, S. Vigneshkannan, R. Devananth, and S. Manju,
“Experimental investigation on strength properties of Recron fibre
with fly ash in concrete,” Materials Today: Proceedings, no. xxxx, pp.
6–10, 2019.
B. Ali and L. A. Qureshi, “Influence of glass fibers on mechanical and
durability performance of concrete with recycled aggregates,”
Construction and Building Materials, vol. 228, p. 116783, 2019.
Y. Qin, X. Zhang, and J. Chai, “Damage performance and
compressive behavior of early-age green concrete with recycled nylon
fiber fabric under an axial load,” Construction and Building Materials,
vol. 209, pp. 105–114, 2019.
Y. Qin, X. Zhang, J. Chai, Z. Xu, and S. Li, “Experimental study of
compressive behavior of polypropylene-fiber-reinforced and
polypropylene-fiber-fabric-reinforced concrete,” Construction and
Building Materials, vol. 194, pp. 216–225, 2019.
M. S. Islam and S. J. Ahmed, “Influence of jute fiber on concrete
properties,” Construction and Building Materials, vol. 189, pp.
768–776, 2018.
A. Alsaif, L. Koutas, S. A. Bernal, M. Guadagnini, and K. Pilakoutas,
“Mechanical performance of steel fibre reinforced rubberised concrete
for flexible concrete pavements,” Construction and Building
Materials, vol. 172, pp. 533–543, 2018.
M. A. Othuman Mydin, N. M. Zamzani, and A. N. A. Ghani,
“Experimental data on compressive and flexural strengths of coir fibre
reinforced foamed concrete at elevated temperatures,” Data in Brief,
vol. 25, p. 104320, 2019.
R. de S. Castoldi, L. M. S. de Souza, and F. de Andrade Silva,
“Comparative study on the mechanical behavior and durability of
polypropylene and sisal fiber reinforced concretes,” Construction and
Building Materials, vol. 211, pp. 617–628, 2019.
D. M. Carlesso, A. de la Fuente, and S. H. P. Cavalaro, “Fatigue of
cracked high performance fiber reinforced concrete subjected to
bending,” Construction and Building Materials, vol. 220, pp.
444–455, Sep. 2019.
Y. Ding, G. Liu, A. Hussain, F. Pacheco-Torgal, and Y. Zhang, “Effect
of steel fiber and carbon black on the self-sensing ability of concrete
cracks under bending,” Construction and Building Materials, vol.
207, pp. 630–639, 2019.
A. de la Fuente, A. Blanco, J. Armengou, and A. Aguado,
“Sustainability based-approach to determine the concrete type and
reinforcement configuration of TBM tunnels linings. Case study:
Extension line to Barcelona Airport T1,” Tunnelling and Underground
Space Technology, vol. 61, pp. 179–188, 2017.
P. Dinakar, M. Kartik Reddy, and M. Sharma, “Behaviour of self
compacting concrete using Portland pozzolana cement with different
levels of fly ash,” Materials and Design, vol. 46, pp. 609–616, 2013.
R. Merli, M. Preziosi, A. Acampora, M. C. Lucchetti, and E. Petrucci,

Retrieval Number: F1212038620/2020©BEIESP
DOI:10.35940/ijrte.F1212.038620
Journal Website: www.ijrte.org

23.

24.

25.
26.

27.

28.
29.

30.

“Recycled fibers in reinforced concrete: A systematic literature
review,” Journal of Cleaner Production, vol. 248, 2020.
B. Ramesh, V. Gokulnath, and S. V. Krishnan, “A review on flexural
behaviour of self compacting concrete by the addition of M-sand,”
Materials Today: Proceedings, no. xxxx, 2019.
S. Beauchemin, B. Fournier, and J. Duchesne, “Evaluation of the
concrete prisms test method for assessing the potential alkali-aggregate
reactivity of recycled concrete aggregates,” Cement and Concrete
Research, vol. 104, no. December 2016, pp. 25–36, 2018.
Z. Kammoun and A. Trabelsi, “Development of lightweight concrete
using prickly pear fibres,” Construction and Building Materials, vol.
210, pp. 269–277, Jun. 2019.
N. Usman and M. I. M. Masirin, Performance of asphalt concrete with
plastic fibres. Elsevier Ltd, 2019.
R. Siva Chidambaram and P. Agarwal, “Seismic behavior of hybrid
fiber reinforced cementitious composite beam-column joints,”
Materials and Design, vol. 86, pp. 771–781, 2015.
M. Kimm, D. Pico, and T. Gries, “Investigation of surface modification
and volume content of glass and carbon fibres from fibre reinforced
polymer waste for reinforcing concrete,” Journal of Hazardous
Materials, vol. c, no. November, p. 121797, 2019.
K. V. Sabarish, P. Paul, Bhuvaneshwari, and J. Jones, “An
experimental investigation on properties of sisal fiber used in the
concrete,” Materials Today: Proceedings, no. xxxx, 2019.
F. S. Khalid, J. M. Irwan, M. H. W. Ibrahim, N. Othman, and S.
Shahidan, “Performance of plastic wastes in fiber-reinforced concrete
beams,” Construction and Building Materials, vol. 183, pp. 451–464,
2018.
S. M. S. M. K. Samarakoon, P. Ruben, J. Wie Pedersen, and L.
Evangelista, “Mechanical performance of concrete made of steel fibers
from tire waste,” Case Studies in Construction Materials, vol. 11, p.
e00259, 2019.
H. Caetano, J. P. C. Rodrigues, and P. Pimienta, “Flexural strength at
high temperatures of a high strength steel and polypropylene fibre
concrete,” Construction and Building Materials, vol. 227, p. 116721,
2019.
S. Alper, B. A. Tayeh, and G. Calis, “Experimental and modelling
study of mixture design optimisation of glass fibre-reinforced concrete
with combined utilisation of Taguchi and Extreme Vertices Design
Techniques,” Integrative Medicine Research, no. x x, 2020.
H. Syed, R. Nerella, and S. R. C. Madduru, “Role of coconut coir fiber
in concrete,” Materials Today: Proceedings, no. xxxx, pp. 1–7, 2020.
M. G. Alberti, A. Enfedaque, J. C. Gálvez, and A. Cortez,
“Optimisation of fibre reinforcement with a combination strategy and
through the use of self-compacting concrete,” Construction and
Building Materials, vol. 235, p. 117289, 2020.
H. Guo, J. Tao, Y. Chen, D. Li, B. Jia, and Y. Zhai, “Effect of steel and
polypropylene fibers on the quasi-static and dynamic splitting tensile
properties of high-strength concrete,” Construction and Building
Materials, vol. 224, pp. 504–514, 2019.
M. Kalpana and A. Tayu, “Light weight steel fibre reinforced concrete:
A review,” Materials Today: Proceedings, no. xxxx, pp. 10–12, 2019.
Y. K. Sabapathy, S. Sabarish, C. N. A. Nithish, S. M. Ramasamy, and
G. Krishna, “Experimental study on strength properties of aluminium
fibre reinforced concrete,” Journal of King Saud University Engineering Sciences, 2019.
M. Usman, S. H. Farooq, M. Umair, and A. Hanif, “Axial compressive
behavior of confined steel fiber reinforced high strength concrete,”
Construction and Building Materials, vol. 230, p. 117043, 2020.

AUTHORS PROFILE
Tom Cornelius, Ⅵ year of civil engineering student of
Sathyabama Institute of Science and Technology,
Chennai, India. Participated in International conference
on
“Sustainable technologies in Building and
Environment” (ICSTBE – 2018).Participated in national
level conference on “Recent Trends in Climate Change
Studies”conducted by DRDO. Attended national level conference on
“Application of Remote Sensing and GIS with Special Reference to Disaster
Management”. Participated in national level symposium DESCON – 2018
and presented a paper on “Environmental Impacts of the Chennai Oil Spill”.
Did a mini project on” Rain Water Harvesting System to supplement
Domestic and Irrigation” in Appur Village in Chengalpattu Tehsil,
Kancheepuram, Tamil nadu.

5677

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Mechanical Stability of Rayon Fibre Reinforced Concrete
Shwetabh,Ⅵ year of civil engineering student of
Sathyabama Institute of Science and Technology, Chennai,
India. Participated in International level conference on
“Sustainable technologies in Building and Environment”
(ICSTBE – 2018).Participated in national level conference
on “Recent Trends in Climate Change Studies” conducted by DRDO.
Participated in national level symposium DESCON – 2018 and presented a
paper on “Environmental Impacts of the Chennai Oil Spill”. Participated in
national level symposium in” Green buildings and Environment” at
Sathyabama Institute of Science and Technology. Did a mini project on”
Rain Water Harvesting System to supplement Domestic and Irrigation” in
Appur Village in Chengalpattu Tehsil, Kancheepuram, Tamil nadu.
C.ManojKumaar, Assistant Professor, Department of
Civil Engineering, School of Building and Environment,
Sathyabama Institute ofScience and Technology,
Chennai, India, has undergraduated with specialization
of Civil Engineering from Kumaraguru College of
-3Photo
Technology, Anna University, Coimbatore and
post-graduated with specialization of Construction Engineering and
Management from College of Engineering Guindy, Anna University,
Chennai. He has more than 6 years of teaching and research with 5 journal
publications in scopus indexed journal, 3 research papers in international
conferences and attended more than 10 faculty development programs under
GIAN, NPTEL and AICTE sponsorship. He is doing doctorate in the area of
Concrete technology.

Retrieval Number: F1212038620/2020©BEIESP
DOI:10.35940/ijrte.F1212.038620
Journal Website: www.ijrte.org

5678

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

