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Abstract: Concrete is the most significant material for
construction and by incorporation of various industrial by
products may improve its properties. Normally fine aggregates
have been obtained from natural sourceslikeriver beds, now days
there is a lot of scarcity for getting natural aggregates. So to
overcome this problem, aggregates are partially replaced with
alternative materials like bottom ash, recycled aggregates and
some natural aggregates .In present study, fine aggregate was
replaced with bottom ash and steel fibres are used to improve
strength characteristics of concrete. M25 grade concrete was
prepared for control specimens, and also bottom ash based fiber
reinforced concrete specimens were prepared in different
proportions 0%, 10%, 20%, 30% and 40% with bottom ash by
weight of fine aggregate and a 1.0% and 1.5% of steel fiberswere
added by weight of cement. To examine bottom ash based stedl
fiber reinforced concrete specimens were tested under flexural,
split tensile, and compression. The mechanical property of bottom
ash based steel fiber reinforced concrete was compared with
control mix to examine optimal combination of bottom ash and
fibers. It was noticed that 10% replacement of bottom ash has
shown the maximum improvement in Compressive, split tensile
and flexural strength. Hence, bottom ash based steel fiber
reinforced concrete can be used as construction material.
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. INTRODUCTION

Bottom ash is an outgrowth obtained from combustion of
coal-based thermal industry. The vast majority of the base
debris is utilized as land filler material before multi-decade
After that bottom ash is used as construction material ,so it
provide a solution to dispose of this material. By replacing
bottom ash, slump of concrete was decreased with increased
percentage of bottom ash content Abdul Hameed Umar
Abu-Bakr [1]. If Bottom ash is combined with concrete it
gives later age strength. When compared with conventional
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concrete, bottom ash based concrete has more water
absorption P.Agrwal [2].Bottom ash specific gravity is low
compared with fine aggregate, so density of concrete was
decreased with increased percentage of bottom ash content
Mohd Syahrul Hisyam bin Mohd Sani [3] . Split tensile
strength didn't show any perceptible change with increasing
bottom ash content for any fiber content. By increasing fiber
content, the flexural strength increased for any percentage of
bottom ash. Addition of steel fibers the failure resisting of the
beams was increased and also ductile behavior has been
enhanced.B.R. Phanikumar, A. Sofi[4] . Bottom ash contains
both receptive, little particle and non-receptive or
ineffectively receptive enormous particles, because of which
itlosesits general pozzolanic. Bottom ash had aplace with the
low receptive gathering. Pond ash contains some unburnt
particles, so it’s not a good reactive pozzolana and does not
give good strength for concrete R.V. Ranganath, B.
Bhattacharjee, and S. Krishnamoorthy [5].Fire resistance of
concrete was improved because of 1%steel fibers. From his
experimentation that there is an additional reduction in
workability due to steel fibers .Because of higher
deformability of Steel fiber reinforced concrete during the
cracking phase. Bottom ash based steel fiber reinforced
concrete show a higher flexural rigidity than conventional
concrete. Fracture surfaces are also different from that of
conventional concrete. Due to addition of steel fibres to
concrete there is no improvement its long-term cube strength.
The average cube strength of bottom ash based stedl fiber
reinforced concrete was improved than conventional concrete
[4] .P.Tang[6] studied on High Performance of Concretein
HPC workability decreased gradually with more replacement
percentage of bottom ash with fine aggregate. The amount of
CSH gel inthe mortar increases with the addition of pond ash.
He stated that the strength of mortar was reduced by
increased content of bottom ash replacement beyond 10%
with cement Dhirgkumar Lal a, Aniruddha Chatterjee b,
Arunkumar Dwivedi ¢[7].]. Grounded bottom ash isalso used
for back filling of excavations, tunnels, sewers, and other
underground facilities. Coal ash can be used for making of
roller-compacacted concrete. Utilization of bottom ash in
construction, it helps to reduce the transportation cost as well
as reduces environmental hazardous. Fibres were distributed
randomly in the concrete during mixing, and thus enhance
flexure properties and toughness of concrete. The maximum
dry density reduces and the optimum mois ture content
increases with the addition of admixtures, but the inclusion of
fibers shown only margina effect Arvind Kumar, Deepak
Gupta[8].
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II. MATERIALSAND TESTS

A. Materials

The materials used for this study were mentioned in the

Table.l.
Table- I: Materials adopted
Cement OPC 53 grade.
Coarse aggregate (CA) | HBG Stone of size 20mm as per
oregae (CA) 1S-383 specifications. P Fig 2. Steel Fibers

Fine aggregate (FA) River Sand confirming to zone-l| . Table- VI: Propertiesof Sted fibers
as per 1S-383 specifications Fiber type Hooked end type

Bottom ash Bottom ash generated at the Lgngth of fiber 17.5mm
Vijayawada thermal power station 2';25?8% 3025 mm

Sted! fibers Sgrra%a‘;:q nf]' bﬁ; rslg"fanajp%‘ftzgﬁﬁﬁ Tensile strength 1020 N/mn?
diameter) C. Mix Proportion

B. Testson materials

The following mix proportion was adopted.

|. Cement: o . .
Table 11° Test results of cement Table- VII: Mix proportion details
Specific gravity 3.05 Materials Ceme’;‘ FA 3 CA 3 Wateg
Initial setting time 45 mins (kgm’) (kg/m) (kg/m) (kg
Final setting time 210 mins Quantlty 394 648.8 1254.6 197
Fineness 5.0% Proportion 1 164 3.18 0.5
Consistency 29% [1l. RESULT AND DISCUSSION
Compressive | 7days | 34.4 N/mm’ '
strength 28 days | 44.2 N/mm? Various properties of fresh and hardened concrete were
1. Fine aggregate (FA) studied and the results were provided in tabular and graphical
forms.
- .tTabIe- III:2'I'6&56t resultsof FA A. Workability
Epeu \c gra\g )ll 3' 0 Concrete workability was done by slump cone test. Tables
INENess modulus : VIII, IX and Fig. 3 and 4 shows the lump values obtained for
Zone I various mixes.
1. Coarse Aggregate (CA) Table- VIII: Slump SF1%
Table IV: Test ltsof CA Mix Designation Slump (mm)
L L AR LA BO%SF1% 82
Specific gravity 2.90 > 5
Fineness modulus 5.8 B10%SF1% 74
Water absorption 0.7% B20 %SF1% 66
IV. Bottom Ash B30 %SF1% 60
B40 %SF1% 48
SLUMP SF 1%

Fg.. Bottom Ash

P i S A A, T

Table- V: Test results of Bottom ash

100

SLUMP (mm)
=

o olo ol
Specific gravity 2.10 B\ig‘\ U\S’Q\ 5123;‘\ q\if’q\ B\?Q\
Fineness modulus 2.56 > @\Q oF Q?’Q »
V. Steel Fibers
Fig. 3. Slump SF1%

Retrieval Number: F9985038620/2020©BEIESP
DOI:10.35940/ijrte.F9985.038620
Journal Website: www.ijrte.org

The above figure shows slump variations in concrete having

0% bottom ash and 1% steel

fibers
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Table- IX: Slump SF1.5%
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Table- XI: Cube strength with SF1.5%

SLUMP (mm)
-2 s 2z
I =
2
L
-
H g
A

Fig. 4. Slump SF1.5%
Above figure shows slump variations in concrete having
bottom ash and 1.5% steel fibers.

B. Cube Strength

Cubes of 150mm X 150mm X 150mm were casted and tested.
Tables X, X1 and Fig. 5 and 6 shows cube strength of various
specimens at 7 and 28 days.

Table- X: Cube strength with SF1%

Mix Designation Slump (mm) Mix Desianation Compressive Strength (N/mm?)
BO%SF1.5% 75 9 7 days 28 days
B10%SF1.5% 62 B0% SF1.5% 28.00 32.90
B20 %SF1.5% 55 B10%SF15% | 30.55 40.28
B30 %SF1.5% 40 B20 %SF1.5% | 29.72 39.80
B40 %SF1.5% 35 B30 %SF1.5% 28.56 37.55
B40 %SF1.5% | 25.52 35.59
SLUMP SF1.5% CUBE STRENGTH SF 1.5%

| 7days

CUBE STRENGTH

m 28 days

Fig. 6. Cube strength with SF1.5%
Concluded that from above graph bottom ash 10% and steel
fibers of 1% is optimum.

C. Split Tenslle Strength

Cylinders specimen of size 300mm height and 150mm
diameter were casted to evaluate the split tensile strength.
TablesXI1, X1l and Fig. 7 and 8 shows split tensile strength of
various specimens at 7 and 28 days.

Table- XII: Split tensile strength with SF1%

. > . ; 2
Mix Designation Compressive Strength (N/mm°) Mix Designation Split Tensile Strength (N/mm?©)
7 days 28 days 7 days 28 days
B0%SF1% 28.74 33.77 B0%SF1% 2.30 2.88
B10%SF1% 29.03 39.25 B10%SF1% 2.59 3.05
B20 %SF1% 27.62 35.85 B20 %SF1% 2.93 3.11
B30 %SF1% 26.07 34.44 B30 %SF1% 2.63 3.06
B40 %SF1% 25.92 33.03 B40 %SF1% 2.21 2.85

CUBE STRENGTH

SF1%

3444

TENSILESTRENGTH SF1%

2.88

L

3.06

2.85

33.03

CUBE STRENGTH

Fig. 5. Cube strength with SF1%

Compressive strength of concrete with 10% bottom ash
and steel fibers of 1.5% at 7 days ismore and thereisless
percentage increase at 30 and 40 % of replacement and
compressive strength with 10% bottom ash and steel fibers of
1% is more at 28 days aso while compared with other
percentages of bottom ash. Concluded that from above graph
bottom ash 10% and steel fibers of 1% is optimum.
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B 7days
u 28 days

TENSILE STRENGTH
(2]

B0%SF1%

B10%SF1% B20%5F1% B30%SF1% B40%SF1%

Fig. 7. Split tensile strength with SF1%
Tensile strength of concrete with 20% bottom ash and steel
fibers of 1% at 7 & 28 daysis more. So it is concluded that
from above graph bottom ash 20% and steel fibers of 1% is
optimum for tensile strength.
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Table-XI11: Split tensile strength with SF1.5%

Table- XV: Flexural strength with SF1.5%

Mix Designation Split Tensile Strength (N/mm?) Mix Designation Flexural Strength (N/mm?)
7 days 28 days 7 days 28 days

B0%SF1.5% 2.50 2.90 B0%SF1.5% 4,55 6.20

B10%SF1.5% 2.92 3.95 B10%SF1.5% 4.75 6.55

B20 %SF1.5% 2.83 39 B20 %SF1.5% 4.40 6.62

B30 %SF1.5% 2.80 3.82 B30 %SF1.5% 4.69 6.75

B40 %SF1.5% 2.92 3.90 B40 %SF1.5% 4.50 6.66

TENSILE STRENGTH SF 1.5%

3.95 3.9 3.82 39

B 7days
B 28 days

TENSILESTRENGTH

B0%EF1.5% B20 B30 E40

B10%EF1.5% %aF15%  %EF15%  WiFL)%

FLEXURALSTRENGTH SF1.5%

6.75
6.2 6.55 6.62 6.66

| 7days
M 28days

FLEXURALSTRENGTH
I

BO%EF1.5% B20 B30 B40

BI0%aF1.5% %3FL5%  %3FL5%  %SF15%

Fig. 8.Tensile strength with SF1.5%
So it is concluded that from above graph bottom ash 20% and
steel fibers of 1.5% is optimum for tensile strength. The
tensile strength at 40% replacement of bottom ash has
obtained the same.

D. Flexural Strength

Beams 100mm x100mm and 500mm length were casted for
7 & 28 days. Tables XIV, XV and Fig. 9 and 10 shows split
tensile strength of various specimens at 7 and 28 days.

Table- XIV: Flexural strength with SF1%

2
Mix Designation Flexural Strength (N/mm®)
7 days 28 days
B0%SF1% 4.62 6.66
B10%SF1% 4.89 6.80
B20 %SF1% 4.80 6.88
B30 %SF1% 4.69 6.95
B40 %SF1% 4.55 6.53

FLEXURALSTRENGTHSF 1 %

= 7days
W 28 days

FLEXURALSTRENGTH
O B N W R U O N ®

BO%SF1% B10%5F1% B20%SF1% B30%SF1%  B40%EF1%

Fig. 9. Flexural strength with SF1%
From above Graph flexura strength of concrete with 30%
bottom ash and steel fibersof 1% at 7 & 28 days ismore. It is
concluded that bottom ash 30% and steel fibers of 1% is
optimum for flexural strength.
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Fig. 10. Flexural strength with SF1.5%
It isobserved the 30% replacement and stedl fibersof 1.5% is
optimum.

V. CONCLUSION

The following conclusions were drawn from the above results
and discussions:

o Workability of concrete has been reduced with increased
percentage of bottom ash content and steel fiber.

e The compressive, split tensile and flexural strength of
concrete for both 7 and 28 days with various replacement
percentages of bottom ash have achieved target strength, but
at 40% replacement of bottom ash and 1% steel fibers is
maintained equal to conventional concrete.

o Concluded that the optimum percentage of bottom ashis
10% for cube strength and at 1.5% steel fibers for flexura
strength.
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