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ABSTRACT: During last few decades several researches have been carried out on blending of the fly ash in Ordinary
pozzolanic cement (OPC). In the present study fly ash is used in Portland pozzolanic material (PPC) concrete as partial
replacement of PPC. Fly ash is a pozzolanic material which produces calcium-silicate-hydrate (C-S-H) when reacts
with free lime present in cement during the hydration. This paper present the experimental result carried out to
determine workability and compressive strength of concrete at different replacement of PPC. M-25 grade of concrete
(1:1.53:3) at w/c of 0.42 was designed as per 1S-10262-2009. Result shows that PPC can be replaced up to 20% by fly
ash without compromising compressive strength of concrete.
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1. INTRODUCTION

In the era of advancement and development maintaining the sustainability in the field of construction is a great
challenge for civil engineers an environmentalist. Cement is most widely use construction material is responsible for
production of about 90% CO, as per its own production. Major component of OPC are naturally available hence limited
in terms of resources. To conserve this availability reduction in use of OPC was in practice based on numerous
researches carried out in the field of blending of supplementary cementious material (most commonly fly ash) in OPC
however commercially production of PPC is a result of making blended cement.

In the recent past based on studies carried out by few researchers it is revealed that even while using blended cement
content in concrete, the proportion of cement can be reduced by addition of pozzolanic material like fly ash as partial
replacement of PPC.It is reported that it is possible to produce low cost High Performance Concrete (HPC), with 90
day strength in the range of 70 N/mm?, using low quality fly ash. It is possible to replace up to 40% of cement by low
quality fly ash[1]. In the study carried out byHarison et al, 2014[2]PPC was replaced by fly ash accordingly in the
range of 0 to 60 % by weight of PPC at water cement ratio 0.48 for M-25 mix design and reported that, up to 30%
replacement level compressive strength is more and almost equal to the referral concrete at 56 days, further increase in
replacement of PPC by fly ash results in gradual decrease in compressive strength of concrete.Parveen, et al, 2015 [3]
carried out an experimental work in which cement and fine aggregate were partially replaced by fly ash at the
replacement levels of 10%, 20%, 30%, 40% and 60% by weight of cement for M-25 Mix Concrete mix. The specimens
were molded, tested and compared in terms of compressive and split tensile strength.

Keeping in the view this concept an experimental investigation was proposed to work out the suitability of addition of

fly ash as partial replacement of PPC in concrete with the following objective.
. To determine the workability of PPC concrete made using fly ash as partial replacement of PPC
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) To determine the compressive strength of PPC concrete at different replacement level of PPC with fly ash
. To compare the result workability and compressive strength of PPC concrete made using fly ash with referral

PPC concrete.
. MATERIALS AND METHODOLOGY
Cement
In this work, Portland pozzolona cement (PPC) obtained from single batch was used throughout the investigation. The
properties of PPC are given in table.

Tablel. Properties of Cement

Standard Consistency 31%

Initial Setting Time 245 minutes
Final Setting Time 310 minutes
7 days Compressive Strength 31 N/mm?
28 days Compressive Strength 42 N/mm?
Specific Gravity 2.70

Fine Aggregate

The fine aggregate was locally available river sand which was passed through 4.75 mm sieve the fineness modulus,
specific gravity and moisture content 2.83, 2.23 and 2.0% respectively.

Coarse Aggregate

The coarse aggregate was locally available having two different sizes, one fraction was passing through 20mm sieve
and its fineness modulus was 7.5, and another fraction passing through 10mm sieve and its fineness modulus was 6.8.
The specific gravity and water absorption of coarse aggregate was 0.8 and 2.66 respectively for both the fractions.

Fly ash

In the present work the fly ash is obtained from the NTPC, TANDA AMBEDKAR NAGAR, U.P (INDIA). The
physical and chemical properties of the fly ash was tested and the result is shown below

Table 2: Properties of the fly ash

Physical Properties

PPC Fly ash
Specific gravity 2.72 2.10
Mean grain size ((m) 23. 20
Specific area (cm?/gm.) 3770 2690
Colour Grey Grey to black
Chemical Composition (%)

PPC Fly ash
Silicon dioxide (SiO,)+ Aluminium oxide (Al,O;) + Iron | - 95.5
oxide (Fe,O3)
Silicon dioxide (SiO,) - 60.5
Sulphur trioxide (SO3) 2.12 (3 % max) 0.2
Reactive Silica (SiO,) - 33.4
Chlorides (CI) 0.011(0.1 % max) 0.01
Magnesium oxide (MgO) 2.5 (6% max) 0.6
Loss on Ignition 1.74 (5% max) 1.1
Sodium oxide (Na,O) - 0.1
Insoluble Residue 24.28
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Super plasticizer

KEM SUPLAST 101 S super plasticizer manufactured by Chembond Chemicals was used in this investigation. It was
man-made super plasticizer base forming sulphonated naphthalene and immediately dispersible in water having
specific gravity 1.2.

Results and discussion

Referral concrete as well as concrete made using fly ash as partial replacement of PPC at different replacement levels
were tested for their workability in green state and for compressive strength after 7,28 and 56 days curing. Results of
same are discussed here in after.

Workability

The workability of PPC concrete was determined by the slump test. Workability is used to describe the ease or
difficulty with which the concrete is mixing, compacting and placing between the forms with minimum loss of
homogeneity. The slump test shows the behavior of a compacted concrete cone under the action of gravitational forces.
Slump test were used to gauge the workability of mixed concrete. The slump values of concrete for different percentage
of fly ash and corresponding dose of super plasticizer is given in table 3

Fig. 1 Workability Measured by Slump Test

Table 3 Workability of concrete

Sample Designation Replacement with Fly ash Dose of Super Plasticizer Slump Value(mm)
(%) by Wt. of Cement
(%)
Al 0 0.6 35
A2 10 0.8 20
A3 20 i 80
AL 30 12 45
A5 40 14 10
Ab 50 16 30
AT 60 1.8 10
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Compressive strength

Compressive strength is defined as the ratio of the load per unit area. Compressive strength is estimated by dividing the
maximum load by the original cross-sectional area of a specimen in a compression test.

The compressive strength of different specimens for same concrete mix is different, so average compressive strength of
three specimen sample was used for strength calculation.Compressive strength of referral concrete as well as concrete
made using fly ash as partial replacement of PPCis shown in table below.

Table 4: Compressive strength of Fly ash concrete (W/C = 0.42)

S. Cube % age of fly Compressive strength (N/mm?)
NO. | designation | ash 7 days 28 days 56 days
1 Al 0 20 35 39.62

2 A2 10 20.96 38.37 46.29

3 A3 20 20.27 35.38 42.59

4 Ad 30 18.37 26.81 38.88

5 A5 40 14.88 18.88 22.5

6 A6 50 9.77 15.03 21.30

7 A7 60 8.22 12.57 18.42

Same results are also reproduced in graphical form in figure for visual observation.
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Compressive strength
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Fig. 3

It is observed that on addition of fly ash up to 20% partial replacement of PPC increased compressive strength is
achieved at all ages as compared to the referral concrete. However the compressive strength is maximum at 10%
replacement level. At 10% replacement level the compressive strength is 4.8%, 9.62% and 16.83% more than referral
concrete at 7, 28 and 56 days respectively. At 20% replacement level the compressive strength is 1.35%, 1.08% and
7.49% more than the referral concrete at 7, 28 and 56 days respectively.

The increase in compressive strength is due to the fact that fly ash being pozzolanic material reacts with free lime
present in PPC and produce C-S-H gel, which has good binding properties thereby increase the compressive strength in
general. Another reason of increase in compressive strength may be packing of voids in concrete by fly ash particles.
Since specific gravity of fly ash is less than that of PPC hence on equal weight basis volume of fly ash replaced with
PPC is more as such more fine particles are available for packing of voids resulting which more dense concrete as
compared to referral concrete.

Further it is seem that beyond 20% replacement level compressive strength is decreased with increase of replacement at
all the ages. This decrease may be due to fact that volume of fly ash replaced with PPC is substantially more than that
needed for packing of voids in concrete. This increase volumes need more water for lubrication resulting is decrease in
compressive strength.

1. CONCLUSIONS

From the above study following conclusion may be drown

1. Fly ash can be added in PPC concrete as partial replacement of PPC up to 20% without compromising

compressive strength of concrete.

2. Workability is decreased with increase in replacement level.

3. Beyond 20% replacement level compressive strength is substantial decrease at all ages.
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