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Abstract— The present laboratory study focused to examine the
performance of recycled aggregate concrete prepared with the
incorporation of different mineral admixtures like silica fines
(SF), Fly ash (FA) etc. The variation in water cement ratio in
cement concrete mix is also incorporated. In general, the test
results, showed that incorporation of mineral admixtures
improves the properties of recycled aggregate concrete. The
replacement of cement by 10% SF improved compressive
strength while the replacement of cement by 35% fly ash
contribute in durability property of recycled aggregate concrete.
The RAC prepared with the SF (10%) showed higher (55%)
compressive strength than the RAC with RA. The test outcomes
of water-cement variation showed that at lower water cement
ratios (0.50, 0.55) the compressive strength of recycled aggregate
concrete at 28 days were lower than natural aggregate while at
higher water cement ratio (0.6) the compressive strength of
recycled aggregate concrete at 28 days was almost same as
natural aggregate concrete.

Keywords-Recycled aggregate; silica fume; fly ash; compressive
strength; water cement ratio.

I.INTRODUCTION

In today's world rapid advancements are taking place in the
field of construction. In the researches, many materials have
been found which can be used for the construction. But
effective replacement of concrete is still not found. Concrete
that is the mixture of cement, sand and aggregate is the most
widely used construction material. Reasons behind it's
popularity are it's strength, durability and economy. Around 10
billion tonnes of concrete is produced every year globally. The
chief constituent of concrete is the coarse aggregate which
contributes the durability and strength to the concrete. The
huge quantity of aggregate is required for the production of
concrete. But everything present in environment has some
limit and it implies for concrete ingredients also. There is a
need to explore it's alternatives.

RAC (Recycled Aggregate Concrete) have received increasing
interest in the past decades due to its great environmental
effects. RAC can be defined as the concrete made up of
recycled aggregate (RA), processed from construction and

demolition (C&D) waste either as a partial or full replacement
of conventional natural aggregate. The sources of RA are the
C&D sites. About 2-3 billion tonnes per year is estimated as
the building waste production globally of which 30-40% is
concrete waste [1].

Many researchers have studied the potential benefits and
drawbacks of using recycled aggregate in concrete[2-6].
RILEM  Committee 121-DRG [7] has published
recommendations for the use of recycled aggregate. Suitable
tests should be performed on the recycled aggregate before
using it and the results should be compared with the natural
aggregate and checked as per the IRC guidelines.

Although it is environmentally beneficial to use RA,
shortcoming of using recycled aggregate can not be
underestimated. The use of recycled aggregate generally
increases the drying shrinkage, creep and water sorptivity and
decreases the compressive strength and modulus of elasticity
of concrete compound to those of natural aggregate concrete
[8-11]. To compensate the loss of strength and other quality
parameters mineral admixtures like fly ash (FA), silica fume
(SF) etc. can be incorporated in concrete [12-14].

The American Concrete Institute (ACI) defines SF as a "very
fine silica produced in electric arc furnaces as a by product of
the production of elemental silicon or alloys containing
silicon". It is usually a grey colored powder, somewhat similar
to the Portland cement or some ashes. SF can exhibit both
pozzolanic and cementitious properties. The use of SF
improves the mechanical and durability properties of concrete
[15].

Fly ash (FA) is a coal combustion product that is composed of
the particulates (fine particles of burned fuel) that are driven
boilers together with the flue gases. The incorporation of FA
results in the reduction of early strength of concrete but it have
long term advantages such as improves long term strength,
reduced permeability and porosity and reduced alkali silica
reaction expansion [16-19].

Carinaldesi, Moriconi [20] and Shi-Cong Koi, Chi-sun Poon,
Francisco Agrela [21] conducted experiments in cement
specimen that were manufactured by completely replacing fine
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and coarse aggregate with the recycled aggregate by using SF
and FA as partial cement replacements. And based on their
results they found that with the proper selection and
proportioning of the mineral materials in the concrete
satisfactory properties can be developed.

Quantity of water added in any cement concrete mix depends
upon the water-cement ratio (W/C) used. As water absorption
of recycled aggregate is more than the natural aggregate so in
order to fulfill that requirement of recycled aggregate extra
water can be add. Thus higher water-cement ratios can be used.
This will satisfy the requirement of extra water and hence it
contributes to the strength of concrete [22]. In this work, partial
or full replacement of natural aggregate with recycled
aggregate was evaluated. This paper also reports the results of
study on the effect of different mineral admixtures (SF & FA)
in the strength. In the concrete mixtures the replacement levels
of cement chosen were 10% SF and 35% FA as per the IS 456
[23]. Also the different W/C are used and their effects on the
strength is reported. The W/C variations used are 0.50, 0.55
and 0.60.

I1. MATERIALS AND EQUIPMENS

A. Materials

The cementitious material used in this experimental study
were portland cement, silica fume and fly ash. Natural
aggregate used in study were crushed Basalt and Recycled
aggregate sounded from demolition site. The nominal size of
the recycled and natural aggregate used was 20 mm.

B. Specimen preparation and curing

The series of concrete mixtures were prepared in the
laboratory by hand mixing. The absolute weight method was
used in calculating the mix proportion. A nominal mix of
1:1.5:3 where one part binding material, one and half parts fine
aggregate and 3 parts of coarse aggregate were used to prepare
concrete mix. In mix proportion silica fume and fly ash were
used as cement replacements on a weight basis. In all concrete
mix a constant water to binder ratio 0.5 was used except the
concrete mix prepared with recycled aggregate subjected to
variations in water-cement ratio. The concrete mixes were
designated with the following codes: C (conventional mix), R-
50 (RCA-50%), R-100 (RCA100%), R-50-SF-10 (RCA-50%,
SF-10%), R-100-SF-10 (RCA-100%, SF-10%), R-50-FA-35
(RCA-50%, FA-35%), R-100-FA-35 (RCA-100%, FA-35%),
R-50-W-0.5 (RCA-50%, W/C-0.5), R-100-W-0.5 (RCA-
100%, W/C-0.5), R-50-W-0.55 (RCA-50%, W/C-0.55), R-
100-W-hi0.55 (RCA-100%, W/C-0.55), R-50-W-0.6 (RCA-
50%, WIC-0.6), R-100-W-0.6 (RCA-100%, W/C-0.6). The
test specimens prepared were cubes of size 150*150*150 mm
and the age of curing used were 7days and 28 days.

C. Compressive strength test

The test confirming to 1S-516-1959 [24]. The cube of size
150*150*%150 mm was used for the determination of
compressive strength respectively at 7 days and 28 days. The
load was applied using a compression testing machine with
capacity 2000 kN.

D. Crushing value test

The test confirming to 1S-2386-1963 Part-4 [25]. The
crushing value of natural and recycled aggregate were tested
in crushing value testing machine as specified by above IS
code. Test sample passing through 12.5 mm IS sieve and
retained on 10 mm sieve were used for testing. The crushing
value of aggregate was tested in crushing value
machine/compression strength testing machine of capacity
2000 kN. The rate of loading was 4 t/min for 10 minutes.

E. Impact value test

The test confirming to 1S-2386-1963 Part-4 to determine
the impact resistance of natural and recycled aggregate. The
test was carried out into Impact value testing machine. Impact
value of coarse aggregate is expressed in percentage. Test
specimen used in impact value test was same as used in
crushing value test. Specimen was subjected to impact load by
hammer weighted 13.5 kg and 15 such blows were applied on
specimen.

F. Absorption test

The test confirming to 1S-2386-1963 Part-4. The test sample
of natural and recycled aggregate were immersed into clean
water for 24 hours. The sample of 2 kg was used.

I11. RESULTS AND DISCUSSION

A. Crushing value

The crushing value of natural aggregate was 8.2% while
cruising value of recycled concrete aggregate was 18.25%
which is 55.06% higher than the natural aggregate but it is in
permissible limit as per IRC specifications.

B. Impact value

The impact value of natural aggregate comes out to be
10.24% while impact value of recycled concrete aggregate was
founded 14.18%which is quite higher than the natural
aggregate i.e., 27.78%. But the impact value of recycled
aggregate was within permissible limit.

C. Water absorption

The water absorption of recycled aggregate was higher than
the natural aggregate due to the adhered mortar on it. The water
absorption of natural aggregate and recycled aggregate was
1.2% and 3.92% respectively.
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Fig.1. Comparison between mechanical properties of RCA and Natural
aggregate
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D. Compressive strength

The compressive strength of recycled and natural aggregate
concrete prepared with mineral admixtures and water/binder
ratio variation were determined on day 7 and 28 . The
compressive strength of natural aggregate concrete and
recycled aggregate concrete made with 10% SF were higher
than the other corresponding concrete mixtures. At 28 days the
compressive strength of concrete mixtures R-50-SF-10, R-
100-SF-10 were higher by 18.42% and 17.48% than that of R-
50, R-100 and also slightly higher than conventional concrete.
Compressive strength of concrete prepared with FA at 28 days,
R-50-FA-35 and R-100-FA-35 is slightly higher by 3.98% and
10.18% respectively than that of R-50 and R-100. The test
results of W/C variations are also satisfactory. The
compressive strength at 28 days of specimen R-50-W-0.55, R-
100-W-0.55, R-50-W-0.6, R-100-W-0.6 were higher than the
R-50, R-100 by 13.45%, 13.60%, 15.24% and 15%
respectively. The compressive strength of recycled aggregate
concrete prepared with minimal admixtures had the highest
compressive strength and this might be attributed to RA.
Generally recycled aggregate are more porous than natural
aggregate. When concrete prepared with the use of mineral
admixtures, two mechanism may enhance the properties of the
concrete produce. 1.Part of the mineral admixtures would
penetrate into the pores of RA which would subsequently
improve the interfacial transition zone bonding between the
paste and aggregate. 2.Cracks originally present in the
aggregate would be filled by hydration product.
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Fig.2. Comparison between compressive strength of RAC and
RAC+WI/C ratio variations.
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Fig.3. Comparison between compressive strength of RAC and
RAC+Mineral Admixtures

CONCLUSIONS

Following conclusions drawn from this research investigation

are :

e The water absorption of recycled concrete aggregate
is higher than natural aggregate which results in an
increase in water cement ratio to get required
workability of concrete.

e The resistance of recycled aggregate to mechanical
actions i.e., impact and crushing is lower than natural
aggregate, but the values are in acceptable limits.

e The compressive strength of concrete prepared with
recycled aggregate at 7 and 28 days is lower than that
of the conventional mix but can be compensate by the
use of mineral admixtures.

With increase in water cement ratio from 0.5 to 0.55,

there is an increase in compressive strength of

recycled aggregate concrete as well as natural
aggregate concrete.

With increase in water cement ratio from 0.55 to 0.6

there is reduction in compressive strength of natural

aggregate concrete where as recycled aggregate
concrete shows increase in compressive strength.

e At higher water cement ratio (0.6) the compressive
strength of recycled aggregate concrete is close to
strength of natural aggregate concrete.

e  The results shows that the contribution of the mineral
admixtures to performance improvement of recycled
aggregate concrete are higher than that of the natural
aggregate concrete.
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