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Abstract— Self-Compacting Concrete (SCC) is a highly
workable concrete that can flow throw densely reinforced or
complex structural elements under its own weight and
adequately fill voids without segregation or excessive
bleeding without the need for vibration. Concrete is strong
in compression but weak in tension. To make it strong in
tension discontinuous Anti-Crack high Dispersion glass
fibers are added to it. SCC made with addition of
discontinuous glass fibers is called as Glass Fiber reinforced
Self Compacting Concrete (GFRSCC). In this paper an
experimental study has been carried out to check the effect
of Anti-Crack high Dispersion glass fibers on the split
tensile strength of SCC. The Normal SCC was made by
replacing 25% of the total cement by Fly Ash and 5% by
Ground Granulated Blast Furnace Slag (GGBS). For
GFRSC, the Cem-FIL Anti-Crack High Dispersion glass
fibers were added by the percentage weight of total
cementitious material. The fibers were added in two
percentages like 0.25% and 0.50% by the weight of total
cementatious material. The cylinders of size 100mm
diameter and 200mm height were cast for the split tensile
test. After the test, the results shows that, the addition of
0.25% and 0.50% glass fibers increases the split tensile
strength by 5.9% and 13.18% respectively compared to the
split tensile strength of Normal SCC. By addition of 0.25%
glass fibers the workability of SCC was not affected and for
0.50% addition the workability reduces to some extent.
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I. INTRODUCTION

SCC has proven itself a big milestone in the construction
industry because of its various advantages. It can pass
through congested reinforcement and the gap between
formwork and steel reinforcement and fill the formwork
without any voids. The heavy and dense reinforcement can
raise problems of pouring and compacting the concrete. The
concrete must be able to pass the dense rebar arrangement
without blocking or segregating. Poor placement and the
lack of good compaction can lead to the inclusion of voids
and loss of long term durability of concrete structures. To
avoid this concrete which flow itself and fill all the spaces
should be used. This need has been solved by use of self-
Compacting concrete. SCC has various advantages over
normal vibrated concrete as it doesn’t need vibration so; the
reduction in noise at the site is achieved. It gives better
surface finish. Due to having higher flow values it can be
easier to place SCC this reduces the number of workers on
site. It speeds up the construction that means economy is
achieved. SCC needs more amount of paste content. So that
to achieve economy the cement is replaced in some
percentages by cement replacement materials like fly ash,
GGBS, silica fumes[1,2,3].

The necessity of SCC was proposed by Okamura in
1986 to overcome the problem of reduced skilled workers in
Japan around 1980°s. Any concrete which is said to be SCC
has to posses three properties in its fresh state as filling
ability, passing ability and segregation resistance. The
mechanism to achieve self-compatibility is achieved by
limiting coarse aggregate content, reduced water-powder
ratio and use of super plasticizer[1,2]. The various tests to
check the fresh properties of SCC given by EFNARC are
Slump flow test, Tso slump flow, L-box test, V-funnel test
and V- Funnel at Ts minutes[3].

Though concrete possesses high compressive
strength two characteristics have limited their uses that are
brittle and weak in tension. However the development of
fiber-reinforced composites (FRC) has provided a technical
basis for improving these deficiencies. Fibers are small
pieces of reinforcing material added to a concrete mix which
normally contains cement, water and fine and coarse
aggregate. Among the more common fibers used are steel,
glass, ashestos and polypropylene. When the loads imposed
on concrete approach that for failure cracks will propagate,
sometimes rapidly; fibers in concrete provide a means of
arresting the crack growth. If the modulus of elasticity of the
fiber is high with respect to the modulus of elasticity of the
concrete or mortar binder, the fibers help to carry the load,
thereby increasing the tensile strength of the material. Fibers
improve the toughness, the flexural strength, reduces creep
strain and shrinkage of concrete.

The Cem-FIL Anti-Crack High Dispersion glass
fibers have various improved properties. The addition of
discontinuous Cem-FIL Anti-Crack High Dispersion glass
fibers to the normal SCC increases its toughness, young’s
modulus, flexural strength, compressive strength and split
tensile strength. The GFRSCC has increased energy
absorption capacity compared to the normal SCC. The
addition of glass fibers also increases the ductility of the
concrete[5,7,12]. Addition of glass fibers can control the
cracking produced due to very early age shrinkage on both
standard concrete and SCC in two different ways by
reducing the total cracked area and the maximum length of
the crack[4]. And importantly the addition of glass fibers to
SCC does not affect on its workability requirements. The
glass fibers also reduce the segregation and bleeding of the
GFRSCCI5].

In the present work, the effect of Cem-FIL Anti-
Crack High Dispersion glass fibers on the fresh properties of
SCC and also the effect of glass fibers on the flexural
behaviour on the SCC are investigated.

Il. EXPERIMENTAL WORK

An experimental programme was carried out to test the
effect of glass fibers on SCC in tension. For this purpose,
the M30 grade SCC and GFRSCC were made. The

All rights reserved by www.ijsrd.com 216



Effect of Anti-Crack High dispersion Glass Fibers on Split Tensile Strength of Self Compacting Concrete

(1JSRD/Vol. 3/1ssue 07/2015/049)

workability tests were carried out on that concrete. After
that, three cylinders, of size 100mm diameter and 200mm
height, for each mix of SCC, 0.25% GFRSCC and 0.50%
GFRSCC were cast and placed for 24 hours in the moulds.
After 24 hours the cylindrical specimens were removed
from moulds and water cured for 28 days in the water curing
tank. After 28 days, the cylinders were taken out from the
curing tank and tested for split tensile strength in Universal
Testing Machine of 60 Ton capacity.

A. Materials Used

Ordinary Portland Cement of 53 grade
Cement : confirming to 1S-12269 having specific
gravity of 3.15.
Fine Natural River sand confirming to 1S-383
Aggregate : zone |l having specific gravity of 2.74
c Crushed angular aggregate of size 12.5 mm
oarse : S ) Lo
Aggregate ; passing confirming to. 1S-383 having specific
gravity 2.7
Mineral Fly Ash confirming to IS 3812-198 Ground
Admixtures granulated blast furnace slag (GGBS) (JSW
GGBS, from JSW Cement Company)
Chemical |Superplasticizer Conplast SP 430 Viscosity
Admixtures modifying agent from BASF Company
Water Confirming to 1S-456
Glass Eibers Cem-FIL anti—crac_k high dispersion glass
fibers.
Properties of glass fibers are given in Table 1
Sr. No. Property Typical value
1 Number of fibers 214 million/ kg
2 Aspect ratio 857:1
3 Specific surface area 105 m?/ kg
4 Tensile strength 1700 MPa
5 Modulus of elasticity 72 GPa
6 Corrosion resistance Very high
7 Specific gravity 2.68
8 Density 26 kN/m®
9 Filament diameter 14 microns
10 Filament length 12 mm

Table 1: Properties of Cem-FIL Anti-Crack HD glass fibers

B. Mix Proportions

Firstly, the normal M30 grade concrete mix design was
developed based on IS 10262:2009 and then the mix
proportion was modified based on Nan Su method of mix
design to convert it to normal SCC. That concrete mix
design of normal SCC then cast in the laboratory. After few
trials, the mix design was further modified to meet the
EFNARC guidelines for fresh properties of SCC. After that,
the new design was checked for hardened properties of SCC
and then the mix design was finalized. For GFRSCC, the
Cem-FIL anti-crack high dispersion glass fibers are added
by weight of total cementatious materials. Glass fibers were
added as 0.25% and 0.50% of the weight of total
cementatious materials content and thus two GFRSCC
concrete mix designs were prepared. For the normal
concrete and 0.25% GFRSCC, the workability requirements
were achieved by using the same dosages of superplasticizer
and VMA. But, for 0.50% GFRSCC, the dose of
superplasticizer was increased from 2.5% by weight of
cementatious material to 2.55% to achieve the workability

requirements. The mix proportions for 1 m® of SCC and
GFRSCC were as follows-
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Table 2: Mix Proportions for Normal SCC and 0.25% and
0.50% GFRSCC

C. Making SCC and GFRSCC Specimens

To make the Normal SCC, the following procedure was
adopted in the concrete laboratory-

First of all, all the required amount of materials for
the SCC and GFRSCC were calculated and weighed. Then
fine aggregates were taken in the rotating drum. Then all the
cementitious materials eg. Cement, fly ash and GGBS were
added to the fine aggregate in the drum. The rotating drum
was switched on and the dry mix of fine aggregates and
cementatious materials were mixed for one and half
minutes. When the dry mix was well mixed then the
weighed amount of coarse aggregates were added to it and
kept revolved for another one and a half minutes. Now the
65% of water from the total water was taken and added
slowly to the mix in the drum. The drum was kept revolved
again for another one and a half minutes. The weighed
superplasticizer Conplast SP 430 was added to the 20%
water from the remaining 35% of water and added to the wet
mix in the drum in two intervals. This mixture was kept
revolved for another one and a half minutes. The VMA is
mixed to the remaining 15% water and added to the mixture
in the drum and kept revolved for another two minutes. As
the SCC needs longer mix times, the total mix time was kept
around eight to nine minutes. In this way the SCC was
prepared. Then it was taken out and fresh properties of SCC
were checked using different flow tests. For the GFRSCC,
same procedure of mixing was adopted and the glass fibers
were added to the wet mix after the VMA was added. And
revolved for another one minute. The cylinders of sizes
100mm diameter and 200mm height were tightened and the
internal surfaces were oiled. Three cylinders for each mix
were cast and kept for 24 hours in the mould. After 24
hours, the cylinders were taken out from the moulds and
kept in the water tank for the water curing of 28 days.

D. Testing of Fresh Properties of SCC

To check the fresh properties of SCC and GFRSCC, the
guidelines given by EFNARC are used. The different tests
performed and its values are given below-

Typical Range of
Name of Property Units yp Valuesg
test Shown Minimum | Maximum
Slump
Flow by Filling
Abram’s Ability mm 650 800
Cone
Tso aTh
Slump Zg::ﬂg sec 2 5
Flow y
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Fig. 6: Graph 1: Split Tensile Strength vs Percentages of

After the experimental work, the following conclusions

were carried out:

Glass Fibers

CONCLUSIONS

L- Box Passing Hy/
Test Ability | H, 08 10
V- Filling
Funnel |  Ability | S 6 12
V-
Funnel at Segr_egatlon sec 0 +3
Ts Resistance
minutes
Table 3: Limiting Values for Workability test of SCC by
EFNARC
Slump Flow V-Funnel Test
Test
L- Time
Sr
. | Designati . Tso Bo for
N on Horizon tim | X comple Ts
tal Flow .| Tes te min.i
0. - ein .
in mm t | dischar | nsec
sec .
gein
sec
Normal 0.8
1 SCC 695 3 4 7 9
0.25 % 0.8
2 GERSCC 685 4 5 8 10
0.50 % 0.8
3 GERSCC 680 4 5 9 10

E. Split Tensile Strength
The cylinders were tested for split tensile strength, the

Table 4: Fresh Properties of SCC and GFRSCC

arrangement of the test and the results were shown below-
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Fig. 5: Arrangement for Split Tensile Strength on Cylinder

. Split Tensile
Sr. Designation Maximum load Strength
No. taken (kN) ( N/mm?)
1 Normal SCC 95.27 3.03
0.25 %
2 GERSCC 101.28 3.22
0.50 %
3 GERSCC 109.65 3.49

Table 5: Split Tensile Strength After 28 days

[1]
[2

(3]

[4]

[5]

(6]

[7]

1) The addition of Cem-FIL Anti Crack High
Dispersion glass fibers to the SCC increases the
split tensile strength by 5.9% and 13.18%, when
the fibers were added by 0.25% and 0.50% by the
weight of cementatious materials.

2) Workability of SCC was not much affected by the
addition of 0.25% glass fibers and for 0.50% glass
fibers addition the workability reduces to some
extent.

3) Addition of Anti-Crack HD glass fibers reduces the
bleeding and increases the segregation resistance.

4) Proper mixing of glass fibers was achieved when
glass fibers were added to the wet mix rather than
dry mix.

5) The glass fibers disperse into individual filaments
when mixed in wet mix.

6) Glass fibers will not protrude through the surface
of concrete; hence there is no need of additional
finishing of the surface.
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