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Abstract: Fly Ash (FA) is being utilized as a pozzolonic
material when connected as a valuable cementitious material for
cement. Fiber Reinforced Concrete (FRC) is a solid having sinewy
material which manufactures its helper uprightness. It contains
short discrete strands that are reliably scattered and aimlessly
arranged. The expansion of Steel Fibers in cement essentially
expands its flexural strength; vitality retention limit, malleable
conduct before a definitive disappointment, decreased breaking,
and improved toughness. Basalt fiber is an elite non-metallic fiber
produced using basalt shake dissolved at high temperature. In
High Volume Fly Ash Concrete (HVFAC), increment in the
amount of cementitious C-S-H stage and calcium aluminium
hydrates improves the long haul qualities and lessens the
porousness. Therefore improves the solidness properties. The
primary point of this examination is to consider the mechanical
properties of HVFA cement fortified with half and half filaments.
Tests are directed according to the Indian norms and test
outcomes are broke down and contrasted and the control example
that contains crossover fiber fortified HVFA concrete, HVFA
concrete without any strands (non-stringy cement), and
Conventional cement. With the fitting understanding of the got
outcomes, it is possible to decide the ideal fiber rate in HVFA
concrete.

Index Terms: HVFA, Fibres, Reinforced, Concrete

I. INTRODUCTION

The numerical technique to assess the compressive quality
improvement of HVFA cement has been created [1]. The
numerical procedure starts with a blended hydration model
thinking about solid hydration, FA response, and
interchanges between bond hydration and FA response.
Using the hydration model, the hydration level of cement and
reaction level of FA trash are settled as components of
relieving age. Besides, calcium silicate hydrate (C-S-H)
substance of hardening HVFA bond are resolved using
reaction degrees of fasteners and mixing degrees of concrete
[1]. The compressive quality of fortifying HVFA cement is
assessed through CSH substance. The foreseen numerical
methodology is proficient for cement with modified water to
folio proportions (customary quality concrete and ultra-high
quality cement) and fluctuated FA substance (low volume FA
and high volume FA). At late age, for cement with HVFA
(45% and 55% FA), when water to folio proportion is more
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noteworthy, the compressive quality of HVFA cement can't
surpass that of control concrsssete [2]. the two HVFA mixes,
one containing Class C FA remains the distinctive Class F FA
powder, were differentiated and TDOT Class A general use
mixes using a comparative class of fly slag at a tinier
substitution rate. The HVFA mixes touched base at like
higher long haul compressive qualities, due to the pozzolanic
properties of the fly soot and the lower water to bond extents.
They inferred that a definitive compressive quality for the
HVFA blends were like or more prominent than those of the
TDOT Class A blends. The HVFA C fiery debris blend had
more noteworthy compressive qualities at all ages, due to the
pozzolanic and solidifying properties of the FA. The
retentions and water penetrable void substance of the HVF
Admixtures were bring down the TDOT Class A .A sensible
mix structure procedure was created for concrete with
20-80% fly soot substitution for bond. Tests were performed
for new and solidified solid properties [4]. Cement containing
FA of up to 80% of cementitious material substance can be
proportioned to have sufficient usefulness when an
increasingly reasonable SP is utilized. Be that as it may, the
unit weight diminishes with the expansion of FA content [5].
The early compressive quality increase of the control
concrete without FA was better than that of the FA cements,
while we watched a noteworthy quality addition from 7 - 28
days and from 28 to 56, 91, 182, and 365 days for the solid
containing high volumes of FA.
The HVFA concrete reinforced with hybrid fibre composites
specimens and control concrete specimens (non- fibrous
concrete) are tested for strength,
1) Compression test
2) Indirect tensile test
3) Flexural test
Types of FA: FA is to be considering as two types. They are:

e FAof ClassF

e FAofClass C

I1. METHODOLOGY

Table 1: Mechanical and Physical Fiber Properties

Property Steel fiber Basalt fiber
Length (mm) 40 12

Diameter 0.3mm 20pum
Tensile strength (MPa) 2100 3000- 4840
Specific gravity 7.6 2.65-2.8
Elastic modulus (GPa) 160 93-110

Density (g/cm®) 7.8 1.75

The main constituent in manufacturing of concrete is cement.
Changing the Cement content will be greatly affected the
characteristics of concrete. The Cement which is used in this
work is OPC of 53 grade
confirming to IS 12269 —1987.
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Table 2 Specific gravity of cement

4

Wt of bottle only with water (W4)

1.670

Spec

ific gravity of sand

2.6

Table 6 fine aggregates with observed Water absorption

S.NO | Observation Weight(gms)
1 Empty bottle weight (W) 25

2 Bottle with cement weight(W-) 45

3 Wt of bottle + cement + kerosene (Ws) | 80

4 Wt of bottle only with kerosene (W.) | 65

Specific gravity of Cement 3.12

values
S.No | Observation Natural Sand
1 Weight of initial sample W1 2
2 Weight of oven dried sample W, 2.01
3 Water Absorption 0.9

Table 7 Fine Aggregate having Fineness Modulus values

Initial setting Fime_: 45 min S. | IS Sieve | Weight Percentage | Percentage | Cumulati
Final setting time = 480min No | Sizes | Retained | (%) of (%) of ve (%) of
. (gms) Weight Weight Weight
Table 3 Properties of cement Retained | Retained | Retained
S.No. | Property Value 1 [475mm |5 0.5 99.5 0.5
- . 2 2.36mm | 10 1 98.5 15
1 Specific gravity 3.12 3 118mm 155 55 93 7
Setting time ) 4 | 600u 85 8.5 84.5 15.5
. 65 min 5 | 300u 480 48 36.5 63.5
2 a)initial
b)final 430 6 |150u | 303 303 6.2 93.8
min 7 <150p | 62 6.2 0 100
3 Fineness test 4% 281.8 =
2.81
The fine totals for the most part extend from 0.075mm — . .
4.75mm. The fine total utilized in the present trial program Table 8 Specific gravity of coarse aggregate
was stream sand. The Fine total is chosen according to Seems
to be 383 particulars. Total which are more than 4.75mm in S.NO Observation Weight (Kg)
size are commonly considered as Coarse total. 20mm is the
most extreme size of coarse total utilized in this trial work 1 Weight of empty bottle (W1) | 0.630
and 12 mm is the base size of the total utilized. A decent : :
nature of coarse total is acquired from closest smasher unit. 2 Weight of bottle with 1.05
. aggregate (Wy)
The Coarse total are chosen according to May be 383 Wt of bottle + agareqate +
particulars. The Master Glenium SKY B233 item is utilized 3 water (Ws) gareg 1.805
as admixture for the present solid blend. Wit of botile onlv with water
Table 4 FA with Specific gravity values 4 (Wa) y 1.525
4
S.No Observation Weight(gms) Specific gravity of Coarse Aggregates | 2.78
1 Weight of empty bottle (W) 25 Table 9 Water Absorption of Coarse aggregate
2 Weight of bottle with FA (W>) 40 S No Coarse
Observation aggregate 20mm
3 Wt of bottle + FA + kerosene (W3) | 75 (Ig<%) g
4 Wt of bottle only with kerosene 65 1 Weight of initial sample W1 2
(Wa) 2 Weight of oven dried sample W, | 2.008
Specific gravity of FA 2.34 3 Water Absorption 0.4
Table 5 fine aggregate with Specific gravity observed
values
S.No | Observation Weight
1 Weight of empty bottle (W,) 0.630
2 Weight of bottle with aggregate (W>) | 1.140
3 W1 of bottle + aggregate + water (W3) | 1.988
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Table 10 Fineness modulus of coarse aggregate

S.No | IS Sieve | Weig | Percenta | Percenta | Cumulativ
Sizes ht ge (%) of | ge (%) of | e (%) of
Retai | Weight Weight Weight
ned Retained | Retained | Retained
(gms)
1 80mm 0 0 100 0
2 40mm 0 0 100 0
3 20mm 915 45.75 54.25 45.75
4 10mm 1065 | 53.25 1.0 99
5 4.75mm | 20 1 0 100
6 2.36mm | 0 0 0 100
7 1.18mm | O 0 0 100
8 600p 0 0 0 100
9 300p 0 0 0 100
10 150 0 0 0 100
T44.75=7
45

MIX DESIGN - M40

The steps involved in the design of concrete mix as per IS:
10262-20009, IS: 456-2000.
Stipulations for proportioning:

Grade designation : M40

Type of Cement: OPC 53 grade

Maximum nominal size of aggregate : 20 mm
Minimum Cement content : 360 Kg/m?
Maximum water content 104
Workability : 50-75mm
Exposure condition : Severe

Degree of supervision : Crushed angular

Type of aggregate : Crushed angular
aggregate

Maximum cement content : 450 kg/m?®
Test data for Materials:

Specific gravity of Cement :3.12
Specific gravity of coarse aggregate :2.8

Specific gravity of fine aggregate 126

Target Strength for Mix Proportion
fo = fo + 1.65s
fo” = Target average compressive strength at 28 days.
fa= characteristic Compressive strength at 28 days
s = Standard deviation
From table 1(Clauses 3.2.1.2, A-3 and B-3), 1S 10262:2009,
standard deviation, s = 5N/mm?
fo” =40+1.65(5)
Target Strength, foc'= 48.25 N/mm?
Selection of Water-Cement Ratio
maximum water- cement ratio = 0.4
Adopt water-cement ratio as 0.38
0.38<0.4, hence O.K
Selection of Water Content
From Table 2, (Clauses 4.2, A-5 and B-5) IS 10262:2009
maximum water content = 186 kg/m?®
Estimate water content for 75mm slump =

186 + (= x 186) = 102 kg/m?

As super plasticizer is used, the water content can be reduced.
Based on trails with super plasticizer water content reduction
of 15% has been achieved. Hence, the arrived water content =

192 + (= x 192) = 1632 kg/m’
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Calculation of Cement Content
Water-cement ratio = 0.38

-
i

Cement content = =430 kg/m3

0.38

From IS 456:2000, minimum cement content for ‘severe’
exposure condition = 360 kg/m?
430 kg/m?®> 360 kg/m?, hence O.K.
Mix Calculation
Volume of concrete = 1m?®

mass of cement 1

Volume of cement =

specific gravity of cement 1000
_ 430 1 — 0.137m?
= 31z T 1000 C OelM

mass of water 1
Volume of water = - -

specific gravity of water 1000

_ 1e3 1 = 0.16m?
1 1000 oM

Volume of chemical admixture (super plasticizer) @ 0.62%

by mass of cementitious material
mass of chemical admixiue 1

1000

specific gravity of chemical admixture

2.66 1
- - 3
= 1oz~ Toog = 0-0024m

Volume of all in aggregate = [a-(b+c+d)]
=[1-(0.137+0.16+0.0024)] =0.7m?

Mass of Coarse aggregate (C.A) = e x Volume of CAX

specific gravity of C.A* 1000

=0.7%x 0.62 X 2.78 x 1000

= 1245.58 kg/m3

Mass of Fine aggregate (F.A)

specific gravity of F.AX 1000
=0.7x 038 X 2.6 x 1000

=e x Volume of F.AX

=692 kg/m®
MIX POPORTIONS
Cement =430 kg/m3
Water = 163.2 kg/m?
Fine aggregate =692 kg/m?
Coarse aggregate = 1245.58 kg/m?®
Water-cement ratio =0.38
MIX RATIO  430:692: 1245.58

1:1.61: 2.87

Following material proportion and various dosage
combination of admixture for 0.38 w/c ratio have been
studied. For nominal mix of M40 grade of concrete
(1:1.61:2.87)

« Cement — 430 kg/m3

» Fine aggregate — 692 kg/m3

» Coarse aggregate — 1245.58 kg/m3

» Water: W/c ratio is 0.38

* Super plasticizer — 0.62% by the weight of cement.
» FA: Replacement of cement 40%, 50%, and 60% by
weight of cement.

» Addition of Hybrid Fibers (Steel &Basalt) of 0.5%, 0.75%,
1% by the volume of concrete.

Flexural Strength fcr= PL/bd?

The modulus of rupture is denoted by “fe*.
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The ‘f” value is mainly based on the shortest distance of line
fracture ‘a’

If 110mm < a < 133mm, f¢; = 3PL/bd?

If a > 133mm, fu= PL/bd?

If a < 110mm, the test shall be discontinued

The proportions of the control OPC concrete mixtures were
1:1.61:2.87.

Table 11 Mix proportions

Mix 'i/l M2 M3 M4 M5 M6 M7
Cement | 43

(kgmd) | 0 258 215 172 215 215 215
FA

(kgm?) |~ 172 215 258 215 215 215
F.A 69

(kgm?) | 2 692 692 692 692 692 692
C.A(kg/ Llé 1245. | 1245. | 1245. | 1245. | 1245. | 124
md) 58. 58 58 58 58 58 5.58
w/C 0.3

ratio 8 0.38 | 0.38 0.38 | 038 |0.38 |0.38
Super 06

plastici 2' 0.62 | 0.62 0.62 | 062 |0.62 | 0.62
zer (%)

Steel

Fibers - - - - 0.5 0.75 1
(%)

Basalt

Fibers - - - - 0.5 0.75 1
(%)

M1 - M- 40 Grade of Concrete.

M2 - HVFA Concrete with 40% of cement Replaced with
FA.

M3 - HVFA with 50% of cement Replaced with FA.

M4 - HVFA Concrete with 60% of cement Replaced with
FA.

M5 - Hybrid Fiber Reinforced HVFA Concrete with 50% of
cement Replaced with FA and addition of 0.5% of steel fibers
and 0.5% of basalt fibers by volume of concrete.

M6 - Hybrid Fiber Reinforced HVFA Concrete with 50% of
cement Replaced with FA and addition of 0.75% of steel
fibers and 0.75% of basalt fibers by volume of concrete.

M7 - Hybrid Fiber Reinforced HVFA Concrete with 50% of
cement Replaced with FA and addition of 1% of steel fibers
and 1% of basalt fibers by volume of concrete.

I1l. RESULTS & DISCUSSION
Compressive Strength of HVFA Concrete
Table 12 Compressive Strength of HVFA

days
M1 30.82 | 49.43 51.31 35
M2 17.3 25.12 39.87 37
M3 1552 | 22.28 38.12 41.5
M4 14.60 | 20.46 35.11 41.7

4943 5131

39.87

38.12

35.11

25.12
22.28

20,46,
i iiiil 14.6 I

Figure 1 Compressive Strength of HVFA Concrete
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Discussion of HVFA Concrete

Compressive quality of solid blends of customary, HVFA
cement was resolved at the ages of 7, 28, 90 days. Results are
given in Table 12 and appeared in Fig 1.The increment in
quality from 28 to 90 days was somewhere in the range of
37% and 42%. The critical increment in quality of
high-volume FA cement is expected to pozzolanic reaction of
FA.

Compressive Strength of Hybrid Fiber Reinforced HVFA
Concrete

Table 13 Compressive Strength of Hybrid Fibre
Reinforced HVFA Concrete

. » | % increase

Mixture Compressive Strength (N/mm?) of strength
number from 28

7 Days | 28 Days 90 Days days to 90
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Compressive Strength %
(N/mm?) increase
Mixture of
number strength
7 Days | 28 Days | 90 Days | ¢om 28
to 90 days
M1 30.82 49.43 51.31 35
M5(0.5% of
hybrid fibers) 20.26 28.38 39.52 28.2
M#6(0.75% of
hybrid fibers) 26.20 32.27 46.92 31.3
M7(1% of
hybrid fibers) 24.22 30.75 44.5 30
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Figure 2 Compressive Strength of Hybrid Fibre
Reinforced HVFA Concrete

Discussion of Hybrid fiber reinforced HVFA Concrete

Solid blends with Compressive quality of traditional, and half
and half fortified HVFA cement was resolved at the time of 7,
28, 90 days. Results are tabulated in 13 and appeared in Fig 2.
At 28 days, control blend M-1 (0% FA ) accomplished
compressive quality of 49.43 MPa, though blends M-5 (half
FA and 0.5% of cross breed filaments), M-6 (half FA and
0.75% of crossover strands), M-7 (half FA and 1% of half
breed strands) accomplished compressive quality decrease of
42%,35%,37% separately, in correlation with the quality of
the control blend M-1 (0% FA ) and quality expanded when
contrasted with HVFA solid blend M-3(50% FA ).The

o

Split Terwile Birength
NoOWoAa W

[iN

Figure 3 Split Tensile Strength of HVFA

Discussion of HVFA

Split inflexibility of strong mixes of conventional and
HVFA bond was settled at the ages of 7, 28, 90 days. Results
are given in Table 15 and showed up in Fig 4. At 28 days,
control mix M-1 (0% FA) achieved Split unbending nature of
4.75 MPa, however mixes M-2 (40% FA), M-3 (half FA),
M-4 (60% FA) achieved split flexibility abatement of about
10% to 15% exclusively, in assessment with the nature of the
control mix M-1 (0% FA). The results at 90 days
demonstrated that there was steady and basic improvement in
quality past the time of 28 days. There was a development in
unbending nature from 28 to 90 days nearly by 10%.

Split Tensile Strength of Hybrid Fiber Reinforced HVFA

Table 15 Split Tensile Strength of Hybrid Fiber
Reinforced HVFA

International Journal of Innovative Technology and Exploring Engineering (1JITEE)
ISSN: 2278-3075 (Online), Volume-8 Issue-11, September 2019

outcomes at 90 days demonstrated that there was ceaseless
and critical improvement in quality past the time of 28days.
The expansion in quality from 28 to 90 days is about 30%.
The expansion in quality is, obviously, because of the bond
that kept on hydrating. The huge increment in quality of
high-volume FA cement is expected to pozzolanic response
of FA and because of half breed strands utilized in it.

IV. SPLIT TENSILE STRENGTH

For split tensile strength test standard cylinder size of dia
150mm and height of 300mm are used. An average of three
specimens is taken for all mixes after a curing period of 7, 28
and 90 days.

Table 14 Split Tensile Strength of HVFA

Mixt Splitting Tensile Strength % increase
nul;gjer:! (N/mm?) of strength
7 Days | 28 Days | 90 Days | from 28
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Split Tensile Strength % increase of
Mixture | (N/mm?) 0
strength from 28
number | 7 28 90 days to 90 days
Days | Days Days
M1 2.56 4.75 5.2 9
M2 1.8 4.37 4.88 10.5
M3 1.6 4.12 4.62 11
M4 15 3.98 4.27 7
days to 90
days
M1 2.56 4.75 5.2 9
M5(0.5% of
hybrid fibers) 2.31 4.76 8.73 46
M6(0.75% of
hybrid fibers) 3.12 5.12 9.67 47
M7(1% of
hybrid fibers) 2.96 491 9.14 46.3
12
10 673 9.67 9.14
8 L
5.2 —
175" 47

Split Tensile Strength
(o)}

B 512 —491
21 -
4 2.5 23 i '
2 - .
0 — T T T
M1 M5 M6 M7

Figure 4 Split Tensile Strength of Hybrid Fiber
Reinforced HVFA
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Discussion of Hybrid fiber reinforced HVFA

Split rigidity of solid blends of customary and half and half
strengthened HVFA cement was resolved at the ages of 7, 28,
90 days. Results are given in Table 16 and appeared in Fig 5.
At 28 days, M-1 (0% FA) accomplished Split elasticity of
4.75 MPa, though blends M-5 (half FA and 0.5% of cross
breed strands), M-6 (half FA and 0.75% of crossover
filaments), M-7 (half FA and 1% of mixture strands)
accomplished split rigidity 5-10% more in examination with
the quality of the M-1 (0% FA) and quality expanded when
contrasted with HVFA solid blend M-3(50% FA ). At the 90
days of relieving the split elasticity is expanded by almost
80% as contrasted and ordinary cement and HVFA concrete
because of quality of filaments.

Flexural strength

For Flexural strength test standard prism of size 100mm x
100mm x 500mm are used. An average of 3 specimens is
taken for all mixes after a curing period of 7, 28 and 90 days.
Flexural Strength of HVFA

Table 16 Flexural Strength of HVFA

% increase
of strength
Mixture | Flexural Strength (N/mm?) from 28
number days to 90
days
7 Days | 28 Days | 90 Days
M1 2.79 4,94 5.7 14
M2 2.19 4.34 5.32 18
M3 214 4.14 5.14 20
M4 212 3.96 4.92 20
5.7
6 4.94 3.32 5.14
5T m 34
=) 4.3 4.14
S 4
&L (27
= 3 71 o1 m 7 Days
% 2 | 28 Days
L1 90 Days
0 n T T
M1 M2 M3
Mixture Numbers

Figure 5 Flexural Strength of HVFA

Discussion of HVFA Concrete

Flexural quality of solid blends of ordinary and HVFA
cement was resolved at the ages of 7, 28, 90 days. Results are
given in Table 17 and appeared in Fig 6. At 28 days, control
blend M-1 (0% FA ) accomplished flexural quality of 4.94
MPa, while blends M-2 (40% FA ), M-3 (half FA ), M-4
(60% FA ) accomplished flexural quality decrease of about
15% to 20% separately, in examination with the quality of the
control blend M-1 (0% FA ). The outcomes at 90 days
demonstrated that there was ceaseless and huge improvement
in quality past the period of 28days. There increment in
flexural quality from 28 to 90 days almost 20%.
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Flexural Strength of Hybrid Fiber Reinforced HVFA
Concrete
Table 17 Flexural Strength of Hybrid Fiber Reinforced

HVFA Concrete
% increase of
Mixture Flexural Strength (N/mmz2) Ztéeég: tforogrg
number days
7 Days | 28 Days | 90 Days ‘
M1 2.79 4,94 5.7 14
M5(0.5% of
hybrid 2.49 4,72 8.96 50
fibers)
M6(0.75%
of hybrid 2.54 4.81 10.3 45
fibers)
M7(1% of
hybrid 2.52 4,78 9.15 50
fibers)
12
10.3
10 8796 915

=

> 8 B

e

& 5.7 m

= 6 4.94 4.72

=

3 4 "

o 2.7 2.4

2 _
0 .
M1 M5

Figure 6 Flexural Strength of Hybrid Fibre Reinforced
HVFA Concrete

Discussion of Hybrid fiber reinforced HVFA Concrete

The solid blends with flexural quality of regular and half and
half fortified HVFA cement was resolved at the ages of 7, 28,
90 days. Results are given in Table 17 and appeared in Fig 6.
At 28 days, M-1 (0% FA ) accomplished Flexural quality of
4.75 MPa, though blends M-5 (half FA and 0.5% of crossover
strands), M-6 (half FA and 0.75% of crossover filaments),
M-7 (half FA and 1% of half and half strands) accomplished
flexural quality 15-20% more in correlation with the quality
of the control blend M-1 (0% FA ) and quality expanded
when contrasted with HVFA solid blend M-3(50% FA ). At
the 90 days of relieving the flexural quality is expanded by
almost 70% as contrasted and traditional cement and HVFA
concrete because of essence of filaments.
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IV. CONCLUSION

e The supplanting of bond with three rates (40%, half, and
60%) of FA substance decreased the compressive
quality, Split elasticity, and Flexural quality of cement at
28 days of restoring however there was a consistent and
huge improvement of solidarity properties past 28 days.

e The setting time of FA cement expanded related to the
expansion of FA content.

e Compressive quality of incomplete supplanting of
concrete with half FA fortified with 0.75% steel fiber
and 0.75% basalt fiber in mixture structure was found to
have been expanded by 20% in 90 days contrasted with
fractional supplanting of bond with half FA without
including filaments.

o Indirect elasticity of halfway supplanting of concrete
with half FA fortified with 0.75% steel fiber and 0.75%
basalt fiber in mixture structure was found to have been
expanded by 50%in 90 days contrasted with incomplete
supplanting of bond with half FA without including
filaments.

o Flexural quality of incomplete supplanting of bond with
half FA fortified with 0.75% steel fiber and 0.75% basalt
fiber in crossover structure was found to have been
expanded by 50%in 28 days contrasted with fractional
supplanting of concrete with half FA without including
filaments.

¢ In the sturdiness thinks about the weight misfortunes are
acquired for 90 days of restoring in acids HCI is almost
3-4% and in H2SO4is almost 3.5-5%.

o In the sturdiness thinks about the quality misfortunes are
gotten for 90 days of restoring in acids, HCI is almost
10-15% and in H2SO4 is almost 15-20%.
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