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Abstract— Natural fibres are most commonly and effectively
used in concrete composites, due to their high specific
strength, light weight and bio-degradability over synthetic
fibres such as glass and carbon. In this study sisal fibres as
natural fibres and glass fibres as synthetic fibre are used, and
fibre reinforced composite system was developed. Chemical
treatment (Alkali resistance treatment) was given to sisal
fibre, to increase the interface adhesion between fibre and
matrix and decrease in water absorption. Fibres were added
to concrete in varying percentage of 0.5%, 1%, 1.5%, 2% in
two grades of concrete namely M20 and M30. Mechanical
properties such as compressive, split tensile and flexural
strength of these two systems were checked and compared.
Test results indicate that addition of sisal fibre in concrete
gives high tensile and flexural strength, hence sisal fibres can
incorporated as an alternative to glass fibre.
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I. INTRODUCTION

The concerns regarding to the use of inorganic materials in
various fields and their impact on environment is increased
and hence the interest towards use of more organic and
environment friendly products is grown. Researchers are
paying more attention towards the development of materials
obtained from natural, renewable resources and bio-
degradable.

In civil engineering field, natural fibres have been
used to reinforce the concrete composites in place of synthetic
fibres. These natural fibre reinforced concrete composite
have emerged as environmental friendly, light weight, non-
adhesive, non-toxic, bio-degradable and very economical.
Vegetable fibres such as sisal, jute, banana, coconut,
pineapple, sugarcane, bamboo, wood fibre, hemp etc. are
prospective reinforcing materials. Various researches have
been carried out on mechanical and physical properties of
concrete material using natural fibres, and it showed very
tremendous results. It showed use of fibre in concrete
effectively reduce cracking, shrinkage, and enhance
toughness property of concrete.

Among various natural fibres, sisal fibres have high
specific strength and stiffness. Sisal fibres are exceptionally
durable with low maintenance and minimal wear and tear. In
this study natural sisal fibres are used as reinforcing material
in concrete. Sisal fibres are extracted from the plant named
Agave sisalana. These plants are easily grown in various parts
of India including Maharashtra.

Though natural fibres have more advantages it has
certain disadvantages as it gives poor adhesion between fibre
and matrix. In order to reduce this problem many research
have been done and it suggested some chemical treatments to
fibres. Chemical treatments increase the interface adhesion

between fibre and matrix and decreases water absorption.
Therefore chemical treatments can be considered in
modifying the properties of natural fibres. Alkali treatment is
most effective and economical. In this experimentation Alkali
resistance treatment is given to sisal fibres.

In this study natural sisal fibres and synthetic glass
fibres are used as reinforcing material in concrete. Fibres
were added to concrete in varying percentage of 0%, 0.5%,
1%, 1.5%, 2% in two grades of concrete namely M20 and
M30. Mechanical properties such as compressive strength
split tensile strength and flexural strength was checked.
Comparative study of test results of both natural and synthetic
fibre was done.

Il. EXPERIMENTAL PROGRAM

A. Materials

1) Cement

Portland Pozzolana Cement (PPC) were used conforming to
IS 1489[1] 1991. Fineness of cement is obtained 3%, specific
gravity 2.9 and initial and final setting time is 30 and 600
minutes respectively.

2) Fine Aggregate

River sand is used as fine aggregate conforming to zone2 as
per IS 383-1970[10]. Having specific gravity 2.6, fineness
modulus 2.57%, bulk density 1600(kg/m3)

3) Coarse Aggregate

Crushed coarse aggregate with two different sizes and
percentages were used. 70% of aggregate which was passed
through the 16mm sieve and retain through the 12.5 mm sieve
were used and 30% of aggregate which was passed through
the 10mm sieve and retain through the 6.5mm sieve were
used. Specific gravity is obtained as 2.73, and water
absorption is 0.31%.

4) Fibers

In this experimentation sisal fibre (Natural fibre) and Glass
fibre (Artificial fibre) are used. Sisal fibres are obtained from
agave sisalana plant which is available in Osmanabad (MS,
INDIA). Glass fibres are collected from local shop. Used
glass fibres are alkali resistance. Properties of both the fibres
are shown below.

Properties Sisal Fibre | Glass Fibre
Length 10-20mm 12mm
Young’s modulus(Gpa) 10-22 72
Tensile strength 444-552 1700
Density(g/cm”3) 1.41 2.7
Elongation (%) 6-7 2

Table 1: Properties of Fibers
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Fig. 2: Glass Fibers

5) Admixture

In this experiment Conplast SP 430 DIS super plasticizers
were ‘used. It improves the workability of concrete. Super
plasticizers allow the reduction in water content by 30% and
more. It also allows the reduction of water cement ratio
without negatively affecting the workability of the mixture.
In this experimentation 0.02 litres of super plasticizer per 1kg
of cement is used.

Sr.no. | Physical Property | Test Result
1. Appearance Brown liquid
VX Specific gravity 1.20
3. pH 5.6
4. Cl content No Cl
5 Density (g/cm3) 1.8

Table 2: Properties of Plasticizer
6) Water
Water is one of the important content of concrete as its
activity participates in the chemical reaction with cement.
Portable water which is fit for drinking was used for mixing
and curing.

B. Chemical Treatment to Sisal Fiber

Alkali treatment is given to sisal fibre. Natural fibres show
poor adhesion between matrix and fibres due to
hemicellulose. Also water absorption is more in natural
fibres. Alkali treatment increases surface roughness resulting
in better mechanical bonding and reduce water absorption.

Chopped sisal fibres were cleaned and immersed in
a stainless steel vessel containing a 10% solution of NaOH
and stir well. This was kept for 1 hour, after which the fibres
were washed with water to remove the excess of NaOH on
the fibres. Final washing were carried out with distilled water
and then fibres are filtered. Fibres were dried in oven at 80°c
for 24 hour.

C. Mix Proportion

In this experimentation two different concrete grades such as
M20 & M30 were used. The selected mix ratio for M20 grade
was 1:1.5:3. M30 grade concrete mix was designed using IS
10262-2009 and designed mix ratio for M30 grade is
1:2.22:3.63. Sisal fibre reinforced concrete and glass fibre
reinforced concrete was produced by adding sisal fibres and
glass fibres in different percentage as 0%, 0.5%, 1% ,1.5%,
2% of volume of cement.

D. Preparation of Specimen

1) Batching and Mixing:

Weigh batching was done with the help of electronic weigh
balance as per mix proportions. Concrete mix is prepared by
manual mixing, with water cement ratio of 0.45.

2) Placing and Compaction:

All moulds are cleaned properly; greasing is done to all the
moulds. Concrete is then placed in moulds. Then compaction
is given with tamping rod and vibration is given with the help
of table vibrator. A total 36 cubes, 36 cylinders and 36 beams
were casted for compressive strength test, split tensile
strength test and flexural strength test respectively.

3) Demolding and Curing

After placing of concrete moulds are kept for 24 hours to set
concrete. Marking was done on each specimen for
identification as SF0.5, SF1, and GFO0.5 etc. After 24 hours,
specimens demoded and kept in water tank for curing period
is 56 days. After 56 days, specimens were removed from tank
and all the strength tests were performed on specimens.

I1l. RESULTS AND DISCUSSION

A. Compressive Strength Test

Compressive strength is a lifeline property of concrete.
Compressive strength depends on the strength of aggregate,
cement content, mix proportions and water cement ratio. To
perform compressive test, cube specimens having dimensions
150*150*150mms? were used. Testing is done with the help
of Universal Testing Machine (UTM). Two samples of each
type were casted and tested and then average compressive
strength of two samples was taken.

% of Average Compressive strength
Sr.no. fibre - - (N/mim) -
content Sisal fibre Glass fibre
M20 M30 M20 M30
1 0% 27.610 | 36.630 | 27.610 | 36.630
2 0.5% 30.760 | 41.335 | 31.685 | 42.397
3 1% 35.130 | 45.905 | 34.575 | 45.775
4 1.5% 32.220 | 40.940 | 38.650 | 47.110
5 2% 29.390 | 38.030 | 35.506 | 44.265

Table 3: Compressive Strength

B. Split Tensile Strength

The split tensile strength is an important propertie of
concrete, as the concrete is not usually expected to resist the
direct tension because of its low tensile strength and also
brittle nature. Split tensile test were conducted on concrete
cylinder specimens with dimension of 300mm of length and
150mm of diameter. Split tensile strength test is also carried
on UTM. Two samples of each type were casted and tested
and average strength of two samples is taken.

All rights reserved by www.ijsrd.com 549



Experimental and Comparative Study of Sisal and Glass Fibre Reinforced Concrete
(IJSRD/Vol. 7/Issue 08/2019/151)

Average Split tensile
Sr. | % of fiber strength(N/mm2) Wsisal fiber [ glass fiber
no. content Sisal fibre Glass fibre
M20 M30 M20 M30
1 0% 2.105 | 3.160 | 2.105 | 3.160
2 0.5% 2.270 | 3.257 | 2.800 | 3.575
3 1% 2.905 | 3.910 | 3.100 | 4.155
4 1.5% 3.505 | 4.440 | 3.615 | 4.610
5 2% 4120 | 5.185 | 4.175 | 5.315

Table 4: Split Tensile Strength

C. Flexural Strength Test

A flexural strength test was performed after 56 days of
casting. Specimens used are of size 500*100*100mm3. A
centre line was marked at the top of the beam specimens using

compressive strngth(N/mm?2)

M sisal fiber W glass fiber

a white chalk perpendicular to its length. Universal testing B e
machine were used for the flexural strength test. Length and ? NG
depth of the crack was measured of each specimen. .
Average Flexural Strength % of fibers
Sr. | % Of Fibre (N/mm?) Graph 2: Compressive Strength of M30 Grade.
no. Content Sisal Fiber Glass Fibre a5
M20 M30 M20 M30 m sisal fiber glass fiber
1 0% 3.790 | 4.425 | 3.790 | 4.425 4 B
2 0.5% 3.932 | 5.120 | 4.280 | 5.470 .
3 1% 4580 | 6.015 | 4.770 | 5.880 E
4 1.5% 5.190 | 6.165 | 5.840 | 6.690 >
5 2% 6.930 | 7.310 | 6.895 | 7.630 z
Table 5: Flexural Strength g"
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IV. CONCLUSION

Mechanical properties such as compressive, split tensile,
flexural strength of sisal and glass reinforced concrete
were evaluated by varying the percentage of fiber
content. From study following conclusions are drawn.
Compressive strength values are maximum at 1%
addition of fiber of sisal and for glass it is maximum at
1.5% for both grades M20 and M30.

Tensile strength value slightly increases at 0.5% than
conventional and maximum at 2% for sisal fiber. Tensile
strength of glass fiber reinforced concrete is gradually
increasing as fiber content increases. An M20 and M30
grade shows relatively similar results.

4)

5)

6)

7)

8)
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Flexural strength values increases as percentage of fiber
increases for both sisal and glass fibers, at 2% greater
strength can achieved.

It concludes that addition of sisal fiber in concrete
significantly improved compressive, tensile and flexural
strength and 1% addition of sisal fibers in concrete can
effectively adopted.

Natural fiber reinforced concrete is effective when
compared with conventional concrete on the basis of
mechanical properties.

As the fiber content increase sudden and brittle failure of
specimens is resisted and reduces cracks.

Hence compared with glass fiber reinforced concrete,
sisal fibers can be incorporated in composites as an
environmental friendly and alternative material for
synthetic fibers.
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