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Abstract--- The main purpose of this study is to
investigate the effect of different types of recycled
coarse aggregates on the properties of fresh and
hardened concrete. The neutral aggregates and the
five types of recycled coarse aggregates were used to
produce twenty-one design mixes. The mixes are
divided to three groups. Group (1) is obtained by
replacing gravel coarse aggregate by recycled
coarse aggregates (crushed concrete, crushed
marble, crushed mosaic, crushed ceramic, and
crushed bricks) at cement content = 300 kg/m?,
W/C= 052 Group (2) is obtained by replacing
natural coarse aggregate with the same recycled
coarse aggregates at cement content = 350 kg/m?,
W/C= 0.50. Group (3) is obtained by replacing
natural coarse aggregate with the same recycled
coarse aggregates at cement content = 400 kg/m?,
W/C= 0.48. The experimental part of this study was
carried out to cover the various properties of fresh
and hardened recycled aggregates concrete. Twenty-
one design mixes were needed for the parametric
study. The effects of replacing gravel coarse
aggregate on the fresh and hardened properties of
concrete such as dump, density, compressive
strength, splitting tensile grength, and flexural
strength were investigated. Finally, the results
showed that crushed recycled marble and crushed
concrete are the best recycled aggregates to use in
reinforced concrete. Crushed mosaic, crushed
ceramic, and crushed bricks can be used in plain
concrete but cement content must be increased.

Keywords---Fresh, hardened concrete, Recycled
Aggregate, Coarse Aggregate, crushed.

. INTRODUCTION

The Effect of using coarse recycled aggregate
instead of natural coarse aggregate have been studied
previously [1-3]. The studies on the use of recycled
aggregates have been going on several years. The
results showed that recycled aggregates are
unsuitable for concrete structures. Recycled
aggregates are being employed practically only as
base filler for road construction [4], when using up to
25% of recycled coarse aggregates in concrete, it is
suitable for concrete structures. According to the
different percentages of recycled coarse aggregates
were used for the production of the four concretes,

al of which had the same compressive strength [5].
Automatic mixing machine were used to produce the
concretes, and the recycled coarse aggregates were
used in a saturated surface dry state in order to
control the effective workability and water cement
ratio of the recycled aggregate concrete.

When natural coarse aggregate is replaced by
recycled aggregate, the concrete could be considered
as environment at friendly concrete for sustainable
congtruction [6]. The type of crusher (laboratory,
semi-industrial or industrial) does not have any major
influence on the relative residual cement paste
content. Additional crushing cycled aggregates could
decrease the residual paste content. However, from
an industrial point of view, this would generate
additional economic and environmental costs[7].

The benefits of using recycled aggregate concrete
include construction and demalition waste, and
reducing demand on origina aggregate sources [8].
Since aggregates make up 80% of concrete by mass,
there is a chance for economic and environmental
benefits in using recycled aggregate concrete (both
coarse and fine aggregate) in structural applications
[9]. In areas, such as Japan where sources are
limited, the need to get alternative sources for
aggregates is high. The recycling rate of concrete
waste in Japan had reached 98% [10]. Three Main
benefits are  economic  aspects, reducing
environmental impacts and saving resources.

It is important and economically option to use
recycled crushed concrete as  aggregates.
Manufactured RCA became more economical than
virgin aggregate in terms of transportation costs and
increased cost of landfilling construction and
demalition debris [3]. And in some cases, recycled
aggregates may be more economical due to reduced
transportation distances and energy costs (Ministry
of Natural Resources (M. N. R.), 2009) the total
aggregate usage in Ontario, Canada was 184 million
tones (M. N. R., 2010). This volume of resource
attains an economic value $1.3 hillion (M. N. R,
2010).

Results obtained from the Eco-Costs'Value Ratio
Model developed by Hendriks and Jansen [11] prove
the benefits of using concrete with recycled
aggregates. Hendriks and Janssen [12] found out that
the lower transportation cost of processed waste
concrete aggregates might be the incentive that
promoted the use of recycled aggregates in the U.S.
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although a large part was ill only suitable as
backfill or construction base.

[I. MATERAILSUSED
In this experimental study cement, sand, and
different types of recycled coarse aggregates
(crushed concrete, crushed marble, crushed mosaic,
crushed ceramic, and crushed bricks) were used.
Properties of sand and recycled coarse aggregates
used are shown in table (1) and table (2).

Table (1): Propertiesof Sand

. M easured Specification
Properties Values Limits
Specific gravity 2.55 25-2.7
Volume weight (t/m°) 152 1.4-1.7
Fineness modulus 2.57 2-2.73
Per centage of dust and 1.4% <3% by
fine material (by weight) ) weight

Table (2): Properties of Coar se Aggr egates

[1l. MIX PROPORTIONS

The mix design and testing program was
conducted in accordance with Egyptian code and
ASTM sandards. Twenty-one mixes containing
different percentages of water, cement, and different
types of recycled coarse aggregates were designed as
shown in Table (3). In Group (1), the cement content
was 300 kg/m3 and (W/C) = 0.52. While, in Group
(2), the cement content was 350 kg/m? and (W/C) =
0.50, and Group (3), the cement content was 400
kg/m? and (W/C) = 0.48. For each mixes 6 cubes
(150x150 mm), 3 Cylinders (150x300 mm),
and 3 beams (150x150x750 mm) were pouring.
Concrete samples were cured in water until testing.

IV. TEST PROGRAM

The dump test is used to measure the
consistency of fresh concrete. It was carried out
according to ASTM C143. The compressive and
splitting tensile strengths of hardened concrete were
determined using compression testing machine

Aggregate Type having 2000 KN capacity. The loading rates applied
Properties [ e [ G | G | Guse | Gl in the comprve and spllttl_ng tensile tests were _0.6
rav Concrete Marble M osaic Ceramic Bricks and 0.03N/mm°“/sec respectlvely. The compressive
Specific 257 25 262 222 212 2.00 strength was measured by using cubes (150x150
Ay mm) at the ages of 7, and 28 days while the tensile
o) 375 | 375 375 315 375 | 315 Sp:i-tt:j ng fgg‘gg}, was a(t)n% dmeasgedthbyf | us na|g
Bulk densit cylinder X300 mm s. For the flexur
(t/m°) o R 162 124 115 - st);ength E)f hardened goncrete, at))/eam specimens of
Absoor/"pti o | %2 | 610 | 0ao% | sore | 1082 | 1283 1 dize 150x150x750 mm were used. The specimens
were placed in UTM and tested for flexural strength.
The loading
Table (3): Mix Proportions of Concrete Mixes
Mix Grou Water Cement Sand Aggr egate
No. No. kgm®) | kgm?) | (kgm?) ?kgg/engs) Type of Aggregates
1| M1-1 156 300 631 1262
M1 2| M1-2 175 350 601 1202 Gravel
3| M1-3 192 400 573 1146
1| M2-1 156 300 619 1239
M2 2| M2-2 175 350 590 1180 Crushed Concrete
3| M2-3 192 400 562 1124
1| M3-1 156 300 639 1278
M3 2| M3-2 175 350 609 1218 Crushed Marble
3| M3-3 192 400 580 1160
1| M4-1 156 300 571 1142
M4 2| M4-2 175 350 544 1087 Crushed Mosaic
3| M4-3 192 400 518 1036
1| M51 156 300 552 1105
M5 2| M5-2 175 350 526 1053 Crushed Ceramic
3| M5-3 192 400 502 1003
1| M6-1 156 300 530 1060
M6 2| M6-2 175 350 505 1010 Crushed Bricks
3| M6-3 192 400 481 962
1| M7-1 156 300 594 594 594
M7 | 2| M7-2 175 350 566 | 566 | 566 Cr“Sh?\";l (();?2? ee&
3| M7-3 192 400 359 359 359
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rates applied was 0.06 N/mm?sec, as shown in figure
(). The average results of three samples were
calculated for al tests.

|... 150 mm ..|

Fig.(1): Flexural Strength Test

V. RESULTSAND DISCUSSION

Results of dump test, density, compressive
strength, splitting tendle drength, and flexural
strength for twenty-one mixes of concrete were
calculated. Table (4) shows these results.

A.SLUMP

The dlump for the seven types of recycled coarse
aggregates and cement content with different (w/c)
ratio is shown in Figure (2). It is observed that slump
for crushed

Table (4): Results of Slump, Compressive Strength, Split Tensile Strength and Flexural Strength Testsfor
Recycled Coar se Aggregates Concrete

c . c . STpIitti_lng Flexural
. . ompressive ompressive ensile
IKII(I)X Glr\l%up S'ﬂgmp D(te/nn?at)y Strengthat 7 | Strengthat 28 | Strength at St;gdgatlhsat ATyrpe z(a)Ies
: : (mm) days (kglcm?) | days (kg/cm?) 28 days k g/crr):z) 9ar eg
(kg/em?)
1 M1-1 45 2.407 158 208 231 338
M1 2 M1-2 62 2.439 190 252 24.9 355 Gravel
3 M1-3 85 2.485 235 303 29.0 37.8
1 M2-1 70 2.298 152 195 18.0 20.1
M2 2 M2-2 88 2.310 180 242 21.8 32.1 Crushed
- - - Concrete
3 M2-3 112 2.311 230 275 25.7 37.1
1 M3-1 35 2.537 215 242 24.5 34.6
Crushed
M3 2 M3-2 41 2.591 231 261 26.7 37.7 Marble
3 M3-3 52 2.624 252 314 29.8 415
1 M4-1 75 2.275 145 171 16.2 27.5
Crushed
M4 2 M4-2 83 2.215 172 218 20.6 30.2 Mosaic
3 M4-3 90 2.226 194 235 22.9 34.6
1 M5-1 152 2.151 105 155 15.2 22.0
Crushed
M5 2 M5-2 161 2177 131 184 19.8 26.3 Ceramic
3 M5-3 168 2.211 170 203 21.7 30.1
1 M6-1 159 2.097 99 146 15.0 20.7
Crushed
M6 2 M6-2 168 2.153 117 171 17.3 239 Bricks
3 M6-3 179 2.207 134 185 20.5 26.9
1] M7-1 55 2.273 146 192 18.2 30.8 Crushed
M7 2 M7-2 72 2.218 169 238 21.3 32.7 (Concrete &
3| M7-3 103 2.146 198 270 25.7 35.8 Mosaic)

bricks concrete has the highest values (159, 168, and
179 mm), and crushed marble concrete has the
lowest values (35, 41, and 52 mm) as compared to
gravel concrete values (45, 62, and 85mm).

B.DENSITY

The dendty of concrete for the seven types of
recycled coarse aggregates and cement content with
different (w/c) ratio is shown in Figure (3). It is
observed that density for crushed bricks concrete has
the lowest values (2.097, 2.153, and 2.207 t\m®), and
crushed marble concrete has the highest values

(2.537, 2.591, and 2.624 t\m°) as compared to gravel
concrete values (2.407, 2.439, and 2.485 t\m°).

C.COMPRESSION STRRENGTH

The results of compressive strength test at 7 days
for the seven types of recycled coarse aggregates and
cement content with different (w/c) ratio is shown in
Figure (4). It is observed that compressive strength at
7 days for crushed bricks concrete has the lowest
values (99, 117, and 134 kg\cm?), and crushed
marble concrete has the highest values (215, 231, and

ISSN: 2231-5381

www.ljettjournal.org

http:

Page 135


http://www.ijettjournal.org/

International Journal of Engineering Trends and Technology (IJETT) — Volume 46 Number 3 April 2017

252 kg\em?) as compared to gravel concrete values
(158, 190, and 235 kg\cm?).

The results of compressive strength test at 28
days for the seven types of recycled coarse
aggregates and cement content with different (w/c)
ratio is shown in Figure (5). It is observed that
compressive strength at 28 days for crushed bricks
concrete has the lowest values (146, 171, and 185
kg\cm?), and crushed marble concrete has the highest
values (242, 261, and 314 kg\cm?) as compared to
gravel concrete values (208, 252, and 303 kg\cm?).

Relation between compressive strength at 28 days
and compressive strength at 7 days for the twenty-
one mixes with different types of recycled coarse
aggregates is shown in Figure (6). It is observed that:

F., at 7 days=0.7823 f, at 28 day
Where: f,,- compressive strength

D.SPLITTING TENSILE STRRENGTH

The results of splitting tensile strength test at 28
days for the seven types of recycled coarse
aggregates and cement content with different (w/c)
ratio is shown in Figure (7). It is observed that
splitting tensile strength for crushed bricks concrete
has the lowest values (15.0, 17.3, and 20.5 kg\cm?),
and crushed marble concrete has the highest values
(24.5, 26.7, and 29.8 kg\cm?) as compared to gravel
concrete  values (23.1, 24.9, and 29.0 kg\cm?).
Relation between gplitting tensile strength and
compressive strength for the twenty-one mixes with
different types of recycled coarse aggregates is
shown in Figure (8). It is observed that:

fi = 0.0978 £,

Where: f, = splitting tensile strength.

E.FLEXURAL STRRENGTH

The results of flexural strength test at 28 days for
the seven types of recycled coarse aggregates and
cement content with different (w/c) ratio is shown in
Figure (9). It is observed that flexura strength for
crushed bricks concrete has the lowest values (20.7,
23.9, and 26.9 kg\cm?), and crushed marble concrete
has the highest values (34.6, 37.7, and 41.5 kg\cm?)
as compared to gravel concrete values (33.8, 35.5,
and 37.8 kg\cm?). Relation between flexura strength
and compressive strength for the twenty-one mixes
with different types of recycled coarse aggregates is
shown in Figure (10). It is observed that:

fr = 0.1407 fg,

Where: f; = flexural strength
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VI. CONCLUSION

Based on the experimental results presented in
this paper, the main conclusions are as the follows:

1- Slump of recycled coarse aggregates concrete is
greater than natural coarse aggregate for al mixes
except for crushed marble As a result of
increasing water cement ratio in the mix due to
increase the absorption of recycled aggregates.
Increase the content of cement increased value of
slump.

2- Density of gravel concrete is greater than all
recycled concrete mixes (crushed concrete,
crushed mosaic, crushed ceramic and crushed
bricks) except for crushed marble concrete mix.

3- Compressive strength at 7 days for gravel concrete
is greater than all recycled concrete mixes
(crushed concrete, crushed mosaic, crushed
ceramic, crushed bricks, and crushed (concrete
and mosaic)) by average 4%, 12%, 30%, 40%,
and 12%, except for crushed marble concrete mix
where the compressive strength is greater than
gravel concrete by average 20%.

4- Compressive strength at 28 days for gravel
concrete is greater than al recycled concrete
mixes (crushed concrete, crushed mosaic, crushed
ceramic, crushed bricks, and crushed (concrete
and mosaic)) by average 7%, 18%, 29%, 34%,
and 8%, except for crushed marble concrete mix
where the compressive strength is greater than
gravel concrete by average 7%.

5- Compressive Strength a 7 days = 0.7823
Compressive Strength at 28 day.

6- Splitting tensile strength at 28 days for gravel
concrete is greater than al recycled concrete
mixes (crushed concrete, crushed mosaic, crushed
ceramic, crushed bricks, and crushed (concrete
and mosaic)) by average 15%, 22%, 26%, 31%,
and 18%, except for crushed marble concrete mix
where the splitting tensile strength is greater than
gravel concrete by average 5%.

7- Splitting Tensile Strength = 0.0978 Compressive
Strength

8- Flexura drength at 28 days for gravel concrete is
greater than all recycled concrete mixes (crushed
concrete, crushed mosaic, crushed ceramic,
crushed bricks, and crushed (concrete and

mosaic)) by average 17%, 14%, 27%, 33%, and
7%, except for crushed marble concrete mix
where the flexural strength is greater than gravel
concrete by average 6%.

9- Flexura Strength = 0.1407 Compressive Strength

10-

1
[2

[3

[9

Crushed recycled marble and crushed concrete are
the best recycled aggregates to use in reinforced
concrete. Crushed mosaic, crushed ceramic, and
crushed bricks can be used in plain concrete but
cement content must be increased.
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