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Abstract - In this paper an experimental work is carried out
to study the behaviour of basalt fibre reinforced concrete
containing fibres 0, 0.5, 1.0, 1.5,2.0,2.53.0% compressive,
flexural and split tensile strength with plain M40 grade
concrete. Total 84 No's of specimens are casted for M40 grade
concrete (42 cubes, 21 cylinders and 21 prisms). A design mix
of M40 is prepared by using the IS 10262:2009. 28 days water
curing is adopted for all the testing specimens. From is
experimental work, it can be concluded that the optimum
dosage for the compressive strength of cubes, split tensile
strength is 1.5% and for flexural strength is 2%
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1. INTRRODUCTION

As the structural use of concrete developed in the
second half of the 1800's, interest was focused on
reinforced to enhance its low tensile capacity. The
concern with the inferior fracture toughness of
concrete are alleviated to a large extent by reinforced it
with fibers of various materials. The resulting material
with arandom distribution of short discontinuous fiber
is referred as fiber reinforced concrete (FRC)[2].It has
been found that different type of fibers added in
specific percentage to concrete improves the
mechanical properties, durability and serviceability of
the structure. It is now established that one of the
important properties of Fiber Reinforced Concrete
(FRC) is its superior resistance to cracking and crack
propagation. Fiber- reinforced concrete (FRC) is
concrete containing fibrous material which increases
its structural integrity [1].the vast improvements
achieved by the addition of fibers to concrete; there are

several applications where fibers Reinforced Concrete
(FRC) can be intelligently and beneficially used. These
fibers have already been used in many large projects
involving the construction of industrial floors,
pavements, highway- overlays, etc. in India. These
fibers are also used in the production of continuous
fibers and are used as a replacement to reinforcing
steel [7].

1.1 Basalt Fiber

Basalt rock is a volcanic rock and can be divided into
small particles then formed into continues or chopped.
Basalt fiber has a higher working temperture and has a
good resistance to chemical attack, impactload and fire
with less poisonous fumes.It is fine-grained, extrusive,
igneous rock composed of plagioclase, feldspar,
pyroxene and magnetite, with or without olivine and
containing not more than 53 wt% Si0; and less than 5
wt% total alkalis.The production of basalt fibers is
similar to the production of glass fibers. Basalt is
quarried, crushed and washed and then melted at
1500° C. The molten rock is then extruded through
small nozzles to produce continuous filaments of basalt
fiber [1 & 3].

2. OBJECTIVES

The main objective of this experimental work is to
investigate the behavior of basalt fiber (chopped
strand) reinforced concrete compressive strength,
tensile strength, flexural strength of concrete using
basalt fiber and identify the use of this fibers in regular
construction. To study the strength characteristics of

© 2016, IRJET | Impact Factor value: 4.45

IS0 9001:2008 Certified Journal

| Page904



’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056

JET Volume: 03 Issue: 07 | July-2016

www.irjet.net

p-ISSN: 2395-0072

basalt fiber concrete are compared with the reference
mix (M40 concrete without fiber) and possible use of
basalt fiber.

3. EXPERIMENTAL PROGRAMME
3.1 Materials

It is obvious that the performance of the basalt fiber
concrete depends upon the various physical properties
of the ingredients, proportion of the mix, water cement
ratio, compaction effect type and period of curing.

So in order to know the physical properties of the
materials, various testes specified by the Indian
Standards were conducted and their suitability for use
was checked. The detail of the investigation is
presented below.

A. Cement

The cement used in all mixtures was Ordinary Portland
cement (43Grade) with a specific gravity of 3.15. Initial
and final setting times of the cement were 69 min and
195 min, respectively.

Some of the important required experiments
conducted on the cement as specific gravity of cement,
normal consistency of cement, initial and final setting
time of cement, results are shown below table.

Table No-1 Physical Properties of Cement

l::).. Properties Values
1 Specific Gravity 3.15
2. Standard consistency 34%
3. Initial setting time in min. 30
4. Final setting time in min 480

B. Fine aggregates (sand)

Manufactured sand was used as fine aggregate for the
experiments. Various tests were conducted to
determine the properties of sand . Grading is the
particle-size distribution of an aggregate as determined
by a sieve analysis.

Some of the importance tests will be conducted on fine
aggregates which is required in mix design of concrete
as shown in below table. The test was done according
to IS: 2386 (Part 1) - 1963.

Table-2 Properties Of Fine Aggregate

13:)'. Properties Values
1 Specific Gravity 2.65
2. Fineness modulus 2.963
3. Water absorption 11%
4. Zone I1

C. Coarse aggregate

Aggregate is commonly considered inert filler, which
accounts for 60 to 80 percent of the volume and 70 to
85 percent of the weight of concrete .Maximum size of
aggregate affects the workability and strength of
concrete. It also influences the water demand for
getting a certain workability and fine aggregate content
required for achieving a cohesive mix. In this study the
natural coarse aggregates are used, which was bought
from the nearby quarry. Aggregates of 20 mmand 12.5
mm size were chosen for the experiment which is clean
and free from deleterious materials.

The importance tests are to be conducted on the coarse
aggregates as per IS 10262:2009. Which the
experimental results are required in mix design as
shown in below table.

Table-3 Properties of Coarse Aggregate

;:)'_ Properties Values
1 Specific Gravity 2.90
2. Fineness modulus 2.596
3. Water absorption 0.5%

D. Super plasticizer

In modern concrete practice, it is essentially impossible
to make high performance concrete at adequate
workability in the field without the use of super
plasticizers. The super plasticizer used in the study was
build plast 150.

Benefits:

e Increase the workability.

e Increase the compressive strength by reducing
water content.

e Reduces the cement content without altering
workability and strength.
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e Increases durability of concrete by reducing water
permeability.

e Minimize the risk of segregation, cracks and
bleeding by forming a dense, close textured
surface.

e Chloride free, hence safe for reinforced concrete.

E. Basalt Fiber

The fibers used were chopped basalt fibers which are
uniformly and randomly distributed in the concrete
matrix. For the experimental work 12mm size and the
fiber diameter 13u basalt chopped fiber were used.
Chopped basalt fibers are shown in figure

3.1.2 Properties of Basalt Fibers

Capability Basalt fiber
Tensile strength, M Pa 3000~4840
Tensile strength, M Pa 79.3~93.1
Elastic modulus, G Pa 3.1~6
Elongation at break, % 2.65-2.8
Specific gravity 6~21
Diameter of filament, mpu -260~+500
Temperature of application, °C | 1450
Price, Rs./kg 150

3.1.3 Chemical Composition of Basalt Rock

Chemical Composition of %
Basalt rocks

Si02 52.8
Al,03 17.5
Fe203 10.3
MgO 4.63
Ca0 8.59
NaO 3.34

K20 1.46
TiO> 1.38
P,05 0.28
MnO 0.16
CI‘203 0.06

3.2 Methodology

The mixture proportioning was done according the
Indian Standard Recommended Method IS 10262-
2009.The target mean strength was 40 MPa for the
control mixture, the total cement content was 443.25
kg/m3, fine aggregate is taken 684.85 kg/m3 and

coarse aggregate is taken 1213.65kg/m3, the water to
cement ratio was kept as 0.40, the Super plasticizer
content was taken as 8.8kg/ms3 for all mixtures.

The Cement, sand, Basalt fiber and fine and coarse
aggregate were properly mixed together in accordance
with IS code before water was added and was properly
mixed together to achieve homogenous material. Water
absorption capacity and moisture content were taken
into consideration and appropriately subtracted from
the water/cement ratio used for mixing.150 x 150 x
150mm cubes, 500mm x 100 mmx 100mm Beam and
150 mm diameter and 300 mm height Cylinder moulds
were used for casting. The concrete specimens were
cured in the tank for 7, 28 days.

Table No-4 : For Cubes

Numbers
- Percentage of
S1.No Mix id basalt fiber
7 days | 28 days

1 0 3 3
2 0.5 3 3
3 1.0 3 3
4 CUBES 1.5 3 3
5 2.0 3 3
6 2.5 3 3
7 3.0 3 3
Total 21 21

Table No-5 : For Cylinders

Percentage
N
Sl. No. Mix id of basalt Zlgn;l;el;s
fiber y

1 0 3

2 0.5 3

3 1.0 3

4 CYLINDERS 1.5 3

5 2.0 3

6 2.5 3

7 3.0 3

TOTAL 21
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Table No-6 : For Prisms

SI. No.

Mix id

Percentage
of basalt
fiber

Numbers
28 days

PRISM

N || |W|IN| -

0

0.5

1.0

1.5

2.0

2.5

3.0

Wlwwlw|w|w|lw

TOTAL

Fig -2 Moulds After Filling of Concrete

Pond

Fig -3 Testing of prism in flexural Testing
Machine

4. RESULTS AND DISCUSSION

Test results conducted of M40 mix concrete. All plain
concrete mix with different proportion of basalt
chopped fiber were cast and tested under suitable
testing apparatus. The tests like compressive strength,
spite tensile strength and flexural strength were
studied. Their test results and related discussions are
given in tables in detail.

4.1 Workability test results:

Table-7 gives the various workability test results of
basalt fibre different
percentages of fibres. The variation is represented in
the form of graphs.

reinforced concrete for

Table-7: Workability test results
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% of basalt

. . Vee-Bee

fibre by Slump Compaction
degree
volume (mm) factor
. (Sec)

fraction

0.00% 60 0.95 37

0.50% 57 0.94 43
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1.00% 53 0.93 47 4.2 Compressive Strength Test
1.50% 48 0.92 49
2.00% 45 0.92 53 Tests results of compressive test and its comparison
2.50% 40 0.91 57 with controlled concrete cube are as shown in the
3.0% 35 0.89 54
below table.
various of slump Table No- 8: 28 Days Compressive Strength
70
60 ‘\.\\ Shape of Compressive strength
. \\\ Si concrete of concrete for 28 days
§ 40 — No (controlled curing period in
£ specimen) n/mm?
R 1 CUBE 41.61
10 2 CYLINDER 2.76
0 3 PRISM 5.33
0.00% 0.50% 1.00% 1.50% 2.00% 2.50% 3.00%
% of basalt fiber by volume fraction . .
Table- 9 Compressive Strength of 7 Days Curing
(Cube)
Fig-4: Variation of slump
Percentage
compaction factor Percentage | Compressive :)rf lsl:::flaiﬁ
0.96 SI of basalt strength of overg
0.95 <
S \ N h i
§ oo — 0 c opped concrete in controlled
S 092 T~ . fiber (%) n/mm?
g N \ concrete
Y 0
% oo ~ cube (%)
o 088
© 087 1 0 31.29 -
0.86
0.00% 0.50% 1.00% 1.50% 2.00% 2.50% 3.00% 2 05 3222 297
% of basalt fiber by volume fraction 3 1.0 33.26 6.29
4 1.5 34.21 9.65
_ L _ 5 2.0 33.73 7.79
Fig-5: Variation of compaction factor 6 25 33.20 6.10
7 3.0 31.92 2.01
Vee-Bee degree (Sec)
60
g ’ //‘/\’ COMPRESSIVE STRENGHT
g YT e 343; ~34.21
éﬂ 30 £ a3 T
g 2 Z 5 3326 T332
¢ E 325 pd N\
> 10 2 3 /AZ'22 \\ 1.92
0 % 31;1’ “31.29
0.00% 0.50% 1.00% 1.50% 2.00% 2.50% 3.00% § 305
% of basalt fiber by volume fraction E 30
= 295 T T T T T T
Q
v 0 0.5 1 15 2 2.5 3
Fig_6: vee - Bee degree (SBC) PERCENTAGE OF BASALT CHOPPED FIBER

Fig-7: Compress Strength for 7 days
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Table-10 Compressive Strength Of 28 Days

3 1.0 2.95 6.88
4 1.5 3.10 12.31
5 2.0 3.00 8.7

6 2.5 2.94 6.52
7 3.0 2.84 2.89

TENSILE STRENGHT OF CONCRETE

Curing (Cube)
Percentage
. of increase
Percentage | Compressive in strength
Sl of basalt strength of
No chopped concrete in cor?tzzfle d
fiber (%) N/mm?
concrete
cube (%)
1 0 41.61 -
2 0.5 44.70 7.42
3 1.0 45.45 9.22
4 1.5 46.27 11.20
5 2.0 45.86 10.21
6 2.5 43.54 4.64
7 3.0 42.48 2.10

COMPRESSIVE STRENGTH

Percentage of Basalt ChoppedFiber

Fig-8: Compress Strength for 28 days

3.2

- /\
3
//2,95
29

2.8
26

2.7

TENSILE STRENGHT IN N/MM2

2.6

25

0 0.5 1 15 2 2.5 3

PERCENTAGE OF BASALT CHOPPED FIBER

Fig-9: Split tensile strength of concrete

4.4 Flexural Strength :
Tests results of tensile strength test and its comparison

with controlled concrete cube are as shown in the
below table.

Table-12: Flexure strength of concrete (prism)

4.3 Tensile Strength Test:
Flexure Percentage
Tests results of tensile strength test and its comparison Percentage | strength of increaslci
with controlled concrete cube are as shown in the Sl. of basalt of In strengt
below table. No chopped concrete over
fiber (%) in controlled
n/mm? concrete
Table-11: Split Tensile Strength Of 28 Days Curing cube (%)
(Cylinders)
1 0 5.33 -
Percentage 2 0.5 6.53 22.51
Percentase Tensile of increase 3 1.0 6.74 26.45
1 P lg strength | in strength 4 15 7.06 32.46
SL. | ofbasalt of over 5 2.0 7.90 48.22
No. f(;ll;zll')l();d) concrete | controlled 6 2.5 7.29 36.77
? in n/mm?2 concrete 7 3.0 6.72 26.07
cube (%)
1 0 2.76 -
0.5 2.87 3.99
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Fig-10: Flexure strength of concrete

5. CONCLUSION

The compressive strength at 1.5 percentages was
34.31 N/mm?2. The increase percentage of strength
at 1.5 percentage basalt chopped fiber was 9.65 %
over controlled concrete cube strength 31.29
N/mm2, which was an optimum percentage of
basalt chopped fiber content (1.5 %) for 7 days
curing period.

The compressive strength at 1.5 percentages was
46.27 N/mm2. The increase percentage of strength
at 1.5 percentage basalt chopped fiber was 11.20 %
over controlled concrete cube strength 41.61
N/mm?2, which was an optimum percentage of
basalt chopped fiber content (1.5 %) for 28 days
curing period.

The split tensile strength at 1.5 percentages was
3.1 N/mm?2. The increase percentage of strength at
1.5 percentage basalt chopped fiber was 12.32 %
over controlled concrete cylinder strength 2.76
N/mm?2, which was an optimum percentage of
basalt chopped fiber content (1.5 %) for 28 days
curing period.

The flexural strength at 2.0 percentages was 7.9
N/mm?2. The increase percentage of strength at 2.0
percentage basalt chopped fiber was 48.21 % over
controlled concrete prism strength 5.33 N/mm?2,
which was an optimum percentage of basalt
chopped fiber content (2.0 %) for 28 days curing
period.

These strength values
percentage of basalt chopped fiber up to 1.5 % for

were increased in

Impact Factor value: 4.45 |

cubes and cylinders, 2 % for prisms. There was
optimum percentage basalt chopped fiber content
in concrete to increase in strength.

The achievable strength can be obtained by adding
basalt chopped fibers from 0.5 to 1.5 % further
increase in basalt chopped fibers in concrete
decrease in strength. The desired percentage of
fiber content in concrete would be 0.5 to 1.5%.
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