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Abstract
There is a critical shortage of fresh aggregates and hence the need for recycling of
aggregates from demolition concrete is required. Using this waste concrete as RCA
conserves fresh aggregates, decreases energy consumption and can provide cost savings.
Recycled aggregates are comprised of crushed, graded inorganic particles processed from
the materials that have been used in the constructions and demolition debris. Recycled
aggregates for application in high strength structural concrete, need better understanding on
the properties of concrete. In the present study recycled coarse aggregate have been used to
replace fresh coarse aggregate. The mix design used for equivalent mortar volume method
.The properties of fresh as well as hardened concrete made of partial/full replacement of
recycled coarse aggregate will be compare with that of concrete using fresh coarse
aggregate. The study will conclude the properties in flexure, split tensile and compression
strength.
Key words: aggregates, recycling, energy, cost savings, crushed, equivalent, properties
1. INTRODUCTION
There is increasing demand and interest in aggregates from non-traditional sources
such as from industrial by-products and recycled construction and demolition (C&D) wastes.
Recycled aggregates encompass industrial by-products and reused construction products, all
of which were once considered wastes and dumped in landfill. The recently introduced for
aggregates do not discriminate between different sources, and are for „aggregates from
natural, recycled and manufactured materials‟. The focus is on fitness for purpose rather than
origin of the resource.
Strength of concrete is affected by the type of coarse aggregated used. It is necessary
to know the characteristics of RCA and the effects of using RCA in concrete. There are
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limited reliable data on the use of RCA in concrete and thus, more researches on the
utilization of RCA should be carried out RCA is the main component of old concrete and for
many reasons there is a need to re-use them Such recycling operations have the added benefit
of reducing landfill disposal, while conserving primary resources and reducingTransport
costs.
There are large amount of concrete wastages during construction and demolition
stages. RCA can be obtained from these wastages for the production of new concrete. For this
study, only concrete cubes after testing at site are used to obtain RCA. The construction
industry was normally requires 6 cubes for testing from a mixture truck. Many local concrete
producers use 150 x 150 cubes for compressive strength test. To pour 1000 m3 concrete, an
average of 2 m3 to 4 m3 from it will be used for concrete cube tests.

These tested cubes can be crushed and screened through portable, mobile or stationary
recycle plants instead of being discarded after testing and increase disposal in landfill. The
use of RCA for the production of concrete involves breaking, removing, and crushing
existing concrete into a material with specified size and quality. Recycling of concrete is
important because it helps to promote sustainable development in the protection of natural
resources, and reduces the disposal of demolition waste from old concrete.
Unprocessed

RCA

is

useful

to

be

applied

as many types of general bulk fill, bank protection, sub-basement, road construction, noise
barriers and embankments. Processed RCA can be applied to new concrete for pavements,
shoulders, median barriers, sidewalks, curbs and gutters, and bridge foundations. It also can
be applied to structural grade concrete, soil-cement pavement bases, lean concrete and
bituminous concrete.
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Recycled aggregate normally has higher water absorption and lower specific gravity .
The density of recycled aggregate used is lower than the density of normal aggregate.
Porosity of recycled aggregates is also much higher than those of natural aggregates.
Recycling is the act of processing the used material for use in creating new product. The
usage of natural aggregate is getting more and more intense with the advanced development
in infrastructure area.
In order to reduce the usage of natural aggregate, recycled aggregate can be used as
the replacement materials. Recycled aggregate are comprised of crushed, graded inorganic
particles processed from the materials that have been used in the constructions and
demolition debris. These materials are generally from buildings, roads, bridges, and
sometimes even from catastrophes, such as wars and earthquakes.

2. EXPERIMENTAL PROGRAM
The main aim of this research project is to Experimental study on recycled coarse
aggregate for the production of concrete. It is essential to know whether the replacement of
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RCA in concrete is in appropriate or acceptable. Three types of aggregates are used in this
project which include natural coarse aggregate, natural fine aggregate and RCA.
Natural coarse aggregate used with maximum size of 20 mm. Natural fine aggregate
used is river sand and RCA used is crushed concrete from tested concrete cubes.

After testing, a mix design is produced in accordance with the properties obtained
from test results. Concrete is then produced with replacement of 0%, 50% and 100% of RCA
as well as 100% replacement of saturated surface dry (SSD) RCA with the same mix
proportion. . For the hardened concrete, the 28-days air-dry density, compressive strength,
split tensile strength and flexural strength were determined. Except for the 28-days air-dry
density, tests were conducted at the ages of7 and 28 days and the results at each testing age
are reported as an average.

The engineering properties of the RAC were also compared to those of the reference
concrete.

The natural fine aggregate used for producing concrete is river sand. The

natural coarse aggregate available in the Civil Engineering Laboratory .The maximum size of
this gravel is 20 mm. Recycled aggregate used in this research is crushed concrete, i.e. RCA.
The site tested concrete cubes of 28-days are crushed together using hammer.

Since the natural aggregate is less than 20 min in size, the recycled concrete is sieved
through 20 mm sieve and 4.75 mm in a mechanical shaker. Recycled aggregate passing 20
mm and retained on 4.75 min sieve is collected to produce recycled concrete. The mix design
is produced with the selected slump of 30-60 mm, design compressive strength of 30 N/mm2
and the maximum aggregate size of 20 mm. Other aggregate properties available from
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previous tests are used in the calculation for mix design. Numerous trial mixes are carried out
to produce concrete with 0% replacement of RCA. This concrete serves as reference concrete
(control concrete) and tests are conducted on this concrete to determine its properties. The
other three mixes are carried out to produce concretes with 50% and 100% replacement of
RCA as well as 100% replacement of SSD recycled concrete coarse aggregate.
The compression test is carried out according to UTM to determine the characteristic
strength of the concrete. In this test, 150 mm standard cube mould is used for concrete mix.
The apparatus should be clean and free from hardened concrete and superfluous water before
testing. The split cylinder test is performed according to UTM to find the tensile strength of a
cylindrical concrete specimen. The cylindrical specimen is placed with its axis horizontally
and subjected to a line load along the length of the specimen. The diameter and length of the
cylindrical concrete are 150 mm and 300 mm respectively. The flexural strength test is
carried out on a concrete beam with loading at the third points according to UTM. The
loading machine should be able of applying the loads at a uniform rate without interruption.

EQUIVALENT MORTAR REPLACEMENT (EMR) METHOD
The equivalent mortar replacement method (EMR) treats RCA (Recycled
concrete aggregate) as a two phase material made of residual mortar (RM) and recycled
natural aggregate (RNA) rather than as a singular coarse material. The volume of the residual
mortar is accounted for so that the resulting concrete mix has the same total mortar volume
(i.e., residual mortar plus fresh mortar) as concrete made with virgin natural aggregates.
The resulting design relationships between a target natural aggregate concrete (NAC)
mix and an EMR mix are given as;
EMR
EMR
NAC
V
+V
=V
RM
FM
FM

(1)
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EMR
EMR
NAC
V
+V
=V
RNA
NA
NA

(2)

Where,
EMR
V
= Volume of residual mortar (RM) in EMR mix;
RM
EMR
V
= Volume of fresh mortar (FM) in EMR mix;
FM
NAC
V
= Volume of FM in NAC mix;
FM
EMR
V
= Volume of recycled natural aggregate (RNA) in EMR mix;
RNA
EMR
V
= Volume of virgin natural aggregate (NA) in EMR mix;
NA
NAC
V
= Volume of NA in NAC mix.
NA
Equations 1 and 2 dictate that as the volume of RCA is increased in a given volume of
concrete , the amount of fresh mortar is decreased while keeping the relative proportions of
cement, water and fine aggregate constant. Because a reduction in fresh mortar causes a
reduction in the workability and place-ability of concrete, there is a limit to the maximum
amount of aggregate replacement that can be utilized in EMR mixes. As a result, the EMR
mixes tested significant amounts of water-reducing admixtures.

2. RESULTS AND DISCUSSION
Recycled concrete cube waste are used in this study. To compare the physical properties of
RCA with virgin aggregates various test has been done on and following table shows the
comparison between natural coarse aggregate and RCA.
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3.1 SPECIMEN DETAILS
The experimental work consists of 4 beams,28 cylinder and 28 cubes. All the beams
were the same size of 100×150×1000 mm tested in a loading frame.
Table 1.Properties of NA and RCA
REFERENCE

% of

% of

CODE

RCA

NA

S1-NA

0

100

S2-RCA

50

50

S3- RCA

100

0

S4-SSD RCA

100

0

The beam is under reinforced with 2 bars of 8 mm DIA at bottom and 2 bars of 8 mm
DIA at top. The shear reinforcement are of 6 mm diameter bars spaced at 150mm c/c. The
concrete mix proportion designed by IS method to achieve the strength of 30 MPA. Three
cube specimens were cast and tested at the age of 28 days to determine the compressive
strength of concrete.
Where,
NA-Natural Aggregate concrete
RCA-Recycled coarse aggregate concrete
SSD RCA-Saturated surface dry recycled coarse aggregate concrete.
Table.2 Specimen details with different mix
SNo Physical property

NA

RCA
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1
2
3

Water absorption
1.56
Specific
gravity
2.79
(%)
3
Bulk Density kg/M 1469.8

6.4
2.3
1325.9

The slump is taken for each mixing of concrete with 0%, 50% and 100% replacement
of RCA. The results show that slump of concrete made with natural aggregates is higher
while the concrete with 100% replacement of RCA has no slump. The low slump in RAC is
caused by the high absorption of RCA (6.4%) which absorbs water during the mixing
process. It is recommended to use saturated surface dry (SSD) RCA to improve the
workability of fresh concrete. From the results obtained, concrete made with 100% SSD RCA
has competitive slump compared to the concrete made with natural aggregate as shown in
Table.
Table.3 Slump of Fresh Concrete for Different Mix
Sample

Slump

Natural concrete (Control
Recycled concrete (50%
concrete)
Recycled concrete (100%
replacement
of RCA)
Recycled concrete
(100%
replacement of RCA)
replacement of SSD RCA)

55
mm
10
0
55

The natural aggregate and recycled aggregate are used to produce 150 mm concrete
cubes for compression test. Graph 1 shows the results of compressive strength of concrete
with 0%, 50%, 100% replacement RCA and 100% replacement of SSD RCA. From the
results, the compressive strength of concrete with 100% replacement of RCA has the highest
7-day and 28- day strength which reaches 18.38MPA and 39.87MPA respectively.
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The compressive strength of recycled concrete with 50%replacement of RCA is in
close proximity with that of the control concrete. The compressive strength of recycled
concrete with 100% replacement of SSD RCA is slightly higher than the control concrete but
exhibits lower strength at 28 days.
From the results obtained, it is observed that the development of compressive strength
of recycled concrete is better during early stage but it exhibits lower compressive strength
during later stage.

Fig.3 failure of cube specimen
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Compressive strength N/mm2

,

compressive strength in
concrete
40.25
50
42.2
40
39.87
25
30
28.28
22
20 18.38
16.23
10
0
7

28

S1
S2
S3
S4

Age of Concrete in days

Graph.1 compressive strength in concrete
Split cylinder test is carried out on each concrete sample to find split tensile strength
of concrete cylinder. The results of the split tensile strength for the tested concrete samples
are shown in Graph 2. The split tensile strength of recycled concrete with replacement of
50% of RCA is approximately the same with the split tensile strength of the control concrete.
The split tensile strength of recycled concrete with replacement of 100% RCA and 100%
SSD RCA are both higher than split tensile strength of control concrete. The results show
that concrete made with 100% SSD RCA has the highest split tensile strength during early
stage. As with the compressive strength, the split tensile strength of recycled concrete is

International Journal of Research Review in Engineering and Management (IJRREM)
,Volume-1,Issue-5 ,May -2017, Page No1-16
Page 11

www.ijrrem.in

ISSN (online) No:

INTERNATIONAL JOURNAL OF RESEARCH REVIEW IN
ENGINEERING AND MANAGEMENT (IJRREM)
Tamilnadu -636121, India
Indexed by

Scribd,. Google Scholar, Academia
,

higher during early stage but it gains strength at a slower rate during later stages.

Fig.5 After failure of cylinder specimen

Split tensile strength in N/mm2

Split tensile strength in
concrete
6

5.3

4.8

5
4
3

5.2
4.3

4.42
3.5
2.8

2.9

S1

2

S2

1

S3

0

S4
7

28

Age of concrete in days

Graph.2 Split Tensile Strength in Concrete
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The flexural test is carried out for each sample and the results are illustrated in Graph
3. From the results, the 7-day flexural strength of control concrete is lowest compared to 7day flexural strength of RAC. The control concrete gains strength gradually and has higher
flexural strength during later stage compared to the RAC. The 28-day flexural strength of
control concrete is highest compared to 28-day flexural strength of RAC. The performance of
RAC in terms of the flexural strength is not as good as the performance in terms of
compressive strength and split tensile strength. This is because the recycled aggregates tend
to deform more compared to than natural aggregates and the modulus of recycled aggregates
is lower than the modulus of natural aggregates.

Fig.6 After failure of beam specimen
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Flexural strength in N/mm2

Flexural strength in concrete
8
7
6
5
4
3
2
1
0

5.6

6.8
6.2 5.23

5.2
4.6 5.7

5.9

S1
S2
S3
S4

7

28

Age of concrete in days

Graph.3Flexural Strength in Concrete

2. CONCLUSIONS
Based on the experimental works from this research, the following conclusions are
drawn:
1. The w/c used in all mixes is 0.38. The proportion of cement: sand: gravel
1:1.23:2.19
2. The workability of fresh concrete is not satisfied since the slump of recycled
concrete made with 100% RCA is0 mm. It is recommended to saturate the
RCA to saturated surface dry (SSD) condition before casting.
3. RAC can achieve high compressive strength, split tensile strength as well as
flexural strength.
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4. RAC has higher 28-day compressive strength and higher 28-day split tensile
strength compared to control concrete. The 28-day flexural strengths of RAC
are lower than that of natural concrete.
5. Recycled aggregates obtained from site tested concrete cubes (RCA) shows
good potential as coarse aggregate for the production of new concrete.
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