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ABSTRACT: Aggregate is one of the main ingredients in producing concrete. It covers approx. 75% of the total
volume for any concrete mix. The strength of the concrete produced is dependent on the properties of aggregates used.
Hence need for an alternative coarse aggregate arises. The aim for this study was to determine the various strength and
durability Parameter of high strength concrete by using recycled coarse aggregates, which will give a better
understanding on the properties of concrete with recycled aggregates. The scope of this study was to investigate the
feasibility of using low cost recycled coarse aggregates as an alternative material to coarse aggregate in high strength
concrete. The experimental investigation was carried out using detailed strength and durability related tests such as
compressive, flexural strength test of Concrete. The tests were conducted by replacing the coarse aggregates in high
strength concrete mixes by 0, 5, 20, 40, 60, 80 and 100% of recycled coarse aggregates. In this study we have use
Recycled Aggregates (RA) use as an aggregate in the production of concrete was investigated. The performance of
compressive strength produced by Recycled Aggregate Concrete (RAC) and results are compared with the Natural
Coarse Aggregate Concrete (NAC). The Recycled aggregate is collected from local demolished structure. The studies
were conducted with an M30 mix with the w/c ratio: 0.43 and the compressive strength of the RAC and NAC at the age
of 7 &28 days werestudied.

KEYWORDS: Recycled Aggregates (RA), Natural Coarse Aggregates (NA), Recycled Aggregate Concrete (RAC),
Natural Coarse Aggregate Concrete (NAC).

L. INTRODUCTION

A technology in the world is brought for modelling of world by constructing various type of building, dam, road,
bridge, barrage etc. using steel, concrete, bricks etc. but the majority of construction all over the world is mostly based
on concrete structures and concrete can be moulded in any shape and size as per demand and wishes but steel and brick
can’t be done so. Concrete is economical as compared to steel structure and it has also low cost of maintenance, easy
mechanism for work. Concrete is composite materials which is prepared with mix of cement, fine aggregate, coarse
aggregate and water. It can be widely used for any type of structure as per choice and demand and percentage
constituents of concrete can be changed as per load and strength requirement byinfrastructure.

In any country, construction accounts for about 60 percent of the plan outlay. Out of this, cement & cement product
would account for more than 50 percent. Today in India the annual consumption of cement is in the order of 22 million
tonnes. It is estimated that the cost of mortar and concrete made from 22 million tons of cement would work out to
about 4000 crorerupees

II. MATERIALS

Aggregates

Aggregates for concrete consists of gravel and sand which represents the grain skeleton for the concrete. All cavities
which are within this skeleton need to be filled with binder paste as much as possible. Concrete aggregates occupy
approximately 80% of total concrete weight and 70 — 75% of total concrete volume. Optimum use of the aggregates
quality and size improves the concrete quality; mainly coarse aggregate maintain better improvement forperformance.

Aggregates can occur naturally, industrially which are produced like lightweight aggregates as well as recycled
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aggregates. Aggregates are cleaned and graded by mechanical processes such as crushing, screening, mixing together
and washing for high-quality concrete. Concrete aggregates should have a strong bond with cement paste, should not
interfere with the cement hardening and it should not have any negative appearance on concrete durability after setting
time. There are mainly two type of aggregate which are used for this study are given as follows

Coarse Aggregate Natural aggregate

The Coarse aggregate is obtained from locally available i.e. from Jaipur and only visual inspection is done for the
shape,texture,cleavage and angularity of coarse aggregate. Shape and angularity of aggregate has shown the quality and
standard which means that how the quality of coarse aggregate and how can be used the same.

The following codes are used for coarse aggregate
IS-383-1970-specificatin for aggregate from natural source IS-2386 (Part-1)-1963-For particle size and shape
IS-2386 (Part-III)-1963-For Specific Gravity, Density & water absorption

Recycled aggregate

The recycled aggregate is collected from the source broken cubes, beams and demolished structures. The concrete
waste was collected locally available sources and broken into the pieces of approx. 20mm size. with the help of
hammer. The impurities were sorted out from the pieces. Further, those pieces were mechanically sieved through sieve
of 4.75 mm to remove the finer particles. The recycled coarse aggregates were washed to remove dirt, dust etc. and
collected for use in concrete mix.

Fine Aggregate

There are four grading zone for fine aggregate as per 1S-383:1970 and these are Grading Zone I, Grading Zone II,
Grading Zone III & Grading ZonelV.

These grading zone classified as per percentage passing material from various sieves and there are mainly four zones
and they all have different passing percentage limit for different sieves but there is only one sieve (600 micron) which is
almost common to all Zone specification so the zone can be predicted fromthere.

Percentage of passing for 600-micron sieve of all zones are given below:

For GradingZone,I 15% to 34% For Grading Zone I 35% t059%

For GradingZone 111 60% to 79% For Grading Zone IV 80% to 100%

The fine aggregate is taken from Banas,Tonk,Rajasthan and designated IS- Sieve for the material passing through
Zone- Il isfound.

Cement

World is occupied by construction and infrastructure by the means of cement or steel structure but mostly cement is
used due to its economical and low maintenance cost and for high and earlier strength, PPC is perfect to take into use
for work and also minimize the quantity of cement when the design is performed for mix proportion with super-
plasticizer and no doubt, PPC is eco-friendly, economical but does not receive high strength quickly.

Water

The pH value of water should be in between 6.0 and 8.0 according to IS 456-2000.The sea Water generally contains
salinity of about 3.5% in which about 80% is sodium chloride. Generally, the water that is fit for mixing of water in
concrete is also fit for curing. However, where appearance is important, water containing impurities which because
stains should not to be used. The most important elements that cause stains in the concrete are iron, and organic matters.
It is also found that even sea water also causes stains in concrete. Hence water containing organic matters, iron, and
also sea water should not be used for curing of concrete when appearance is also set as criteria for the acceptance
ofconcrete.

Chemical Admixture

There is various type of chemical admixture which are used in construction and they are retarding admixture,
accelerating admixture, water reducing admixture, air-entraining admixture, Super plasticizing admixture and retarding
super plasticizing admixture but water reducing superplasticizer (workability aid) has been used here.

Chemical Admixture
It has high workability to flow for concrete mixes so that large or difficult pours can be carried out with little or without
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compaction. It can also be used to achieve large water reductions in concrete mixes of normal workability there by
producing higher early and final strengths. It is also nonflammable product which will prevent from any fire accident at
working place and there is no environmental hazardous. The dosages need to be kept within a limit from 0.5% -5 % of
cementitious material for good performance and high dosage may harm on strength of concrete. Also it is need to keep
away from direct sunlight & frost temperature. Rotate the barrels once in 3 months to keep materials in proper
consistency for durability. Shake well beforeuse.

Brand of Admixture: lignoproof Product Form : Black Brown liquid

III. EXPERIMENTAL PROGRAMME

In order to determine the gradation of the recycled aggregate and natural aggregate sieve analysis test were performed
as per IS code. In present investigation the workability was determined by slump test as per IS 1199, compressive
strength test by compressive testing machine of capacity 2000 KN as per IS 516 — 1959 and flexural strength test by
universal testing machine of capacity 600 KN as per IS 516 — 1959.

IV. RESULTS AND DISCUSSION

a) Gradation ofparticles
As per 1S-383:1970, Banas Sand of zone - II was recommended for concrete mix. The Sieves recommended for
Gradation of Banas Sand are 10mm, 4.75mm, 2.36mm, 1.18mm, 600 microns, 300 microns and 150 microns.

Table 1 Sieve Analysis of Fine Aggregate (IS 383/2386) Location:Jaipur
Source: Banas
Size of Aggregate: Natural Sand

) ) Retained (gm) % Cumulative | Cumulative | Limit as
Sieve size Retained | %Retained % Passing per IS
weight 383
Sample 1 | Sample 2 | Average
10 mm 0 0 0 0 0 100 100
475 mm 12 12 12 12 12 988 90-100
2.36 mm 21 19 20 2 32 96.8 75-100
1.18 mm 51 58 545 5.45 8.65 9135 5590
600 569 456 5125 5125 599 40.1 3559
micron
300 283 377 330 33 929 7.1 8.0-30
micron
150 56 70 63 6.3 992 0.8 0-10
micron
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PAN

0.8

265.05

Total

1000

1000

1000

100

Fineness Modulus = 265.05/100 = 2.65

Grading Zone =11

Test accepted / rejected under Clause- Accepted as per 4.3 (Table 4) of IS: 383- 1970.

Coarse Aggregate Grading (10mm)

As per 1S-383:1970, The Sieves recommended for Gradation of Gunawata coarse aggregate are 12.5mm,
10mm,4.75mm and 2.36mm.

Table 2 Sieve Analysis of 10 mm Aggregate (IS 383/2386)
Location: Jaipur Source: Gunawata
Size of Aggregate: 10mm

Retained (gm) Y0 Limit as per
Sieve size Retained Cumulative % Cumulative % I-S 383
weight Retained Passing
Sample 1 | Sample 2 Average

12.5 mm 0 0 0 0 0 100 100

10 mm 36 47 415 2.08 2.08 9793 85-100
4.75 mm 1342 1348 1345 6725 69.33 30.68 0-20
2.36 mm 487 470 478.5 2393 9325 6.75 0-5

PAN 135 135 135 6.75 164.66 0.00

Total 2000 2000 2000 100.00

Fineness Modulus = 164.66/100 = 1.65
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Coarse Aggregate Grading (20mm)
As per 1S-383:1970, The Sieves recommended for Gradation of Gunawata coarse aggregate are 40mm, 20mm, 10mm,

and4.75mm.

Table 3 Sieve Analysis of 20 mm Aggregate (IS 383/2386)
Location: Jaipur Source: Gunawata
Size of Aggregate: 20mm

| e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 7.512|

Retained (gm)
. . % Cumulative % | Cumulative % |Limit as per
Sieve size Retained Retained Passing IS 383
weight
Sample 1 | Sample 2 Average
40 mm 0 0 0 0 0 100 100
20 mm 2372 2330 2351 58.775 58.78 41.225 85-100
10 mm 1468 1489 14785 36.9625 9574 4.2625 0-20
4.75 mm 150 171 160.5 4.0125 99.75 0.25 0-5
PAN 10 10 10 0.25 254.27 0
Total 4000 4000 4000 100

Fineness Modulus = 254.27/100 = 2.5

Combined Coarse and fine aggregate grading

As per IS 383:1970 The Aggregate in each test consisted of 36.20% coarse aggregate (20mm) and 23.80% coarse
aggregate(10mm) and 40% fine aggregate and grading of aggregate lies between the limit.
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Table 4 Combined Aggregate Gradation (As Per IS 383 -1970)

% Passing
Combined
Sieve Size ‘ ) Gradation Specification
(mm) 20 mm Size 10 mm Size Sand Limits
100 % 36.20% 100 % 23.80% 100 % 40 % 100 %

40 100.00 36.20 100.00 23.80 100.00 40.00 100.00 100.00

20 91.10 3298 100.00 23.80 100.00 40.00 96.78 95-100
4.75 4.20 1.52 6.00 1.43 9220 36.88 39.83 30-50

0.6 0.00 0.00 0.00 0.00 40.00 16.00 16.00 10-35
0.15 0.00 0.00 0.00 0.00 1.90 0.76 0.76 0-6
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Combined Gradation
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Figl. Combined Aggregate Gradation

Due to the uniformity in the gradation of the particles of the recycled aggregates, it is concluded that the recycled
aggregates can be utilized for the replacement of the natural aggregates

Compressive Strength
This test is performed as per IS 516 — 1959 in order to determine the compressive strength of the cubes casted by

replacing the natural sand with crushed stone sand by a variable percentage. This test is performed by compressive
testing machine of capacity2000KN.
The variation of compressive strength is shown in the graph.
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Compressive strength of mixes with recycledaggregates

Fig2. Compressive strength of mixes with recycled
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The compression test result indicates the increasing trend of compressive strength in the early age of concrete
specimens with 20% recycled aggregate. However, it shows that the strength of recycled aggregate specimens was
gradually increased up to 20% replacement of recycled aggregate and then it decreases at 100% replacement of recycled
aggregate after 28 days. The target strength of M30 grade is 38.25 Mpathat are achieved for these specimens tested in
the study. The results also show that the concrete specimens with 20% replacement of recycled aggregate get the
highest strength when compared to the concrete specimens with different percentage of recycled aggregate. From the
above result it is possible to use 20% recycled aggregate for higher strength ofconcretes.

Flexural Strength
The mix chosen for the preparation of the cube samples was M30, designed as per IS 10262 -2009.135 cube moulds of
size 15cm X 15cm X15cm were made for the analysis. The variation in the compressive strength of the concrete is
shown in graphas

Flexural Strength
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Fig3. Flexural Strength
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Slump test
The variation of the slump values for different mixes is represented in the graph.

Slump Chart
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Fig.4 Slump Value

The variation of the recycled aggregates with the fresh aggregates is shown as

Composition of Aggregates
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Fig.5 Composition of Aggregate
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V. CONCLUSIONS

e  The experimental results show that the early compressive strength of concrete made of natural coarse aggregate
and recycled coarse aggregate is approximatel ysame.

e The slump test indicates a decreasing trend of workability when the percentage of recycled aggregate are
increased. According to the result, the highest slump obtained was 110mm and the lowest slump was 15mm for M30
grade concrete. The workability was good and can be satisfactorily handled for 0% recycled aggregate to 100%
recycled aggregate. The slump obtained is less with more percentage of recycled aggregate concretemixes.

e The compression test result indicates the increasing trend of compressive strength in the early age of concrete
specimens with 20% recycled aggregate. However, it shows that the strength of recycled aggregate specimens was
gradually increased up to 20% replacement of recycled aggregate and then it decreases at 100% replacement of recycled
aggregate after 28 days. The target strength of M30 grade is 38.25 Mpathat are achieved for these specimens tested in
the study. The results also show that the concrete specimens with 20% replacement of recycled aggregate get the
highest strength when compared to the concrete specimens with different percentage of recycled aggregate. From the
above result it is possible to use 20% recycled aggregate for higher strength ofconcretes.

e  Hence the recycled aggregate can be used in concrete with 20% replacement of natural coarseaggregate.
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