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Abstract
Keywords:
Waste aggregate concrete is the most common project in the world of
construction. The waste materials are causing environmental pollution Concrete;
and hurting nature, the use of wastes give more clean nature and so that Waste aggregate;
the use of wastes in concrete can solve these problems. This study aims Granite;
to investigate the use of waste granite as coarse aggregate in concrete, Compressive strength;
studying also the use of waste concrete from old buildings as coarse Tensile strength.

aggregate, and then comparing between them. The study shows that
waste black granite aggregate gives best results in compression and
tensile strength, compressive strength increased from 33.6 to 43.9 MPa,
Using waste concrete as coarse aggregate increased also compressive
strength from 33.6 MPa for reference mix to 36.9 MPa with 100%
replacement.

1 Introduction

The remains of construction and demolition (C&D) denotes to any material that is generated by a
project from activity that includes construction, demolition, renovations/remodel, tenant improvement,
and/or grading/excavation. This material contains concrete, mortar, bricks and tiles, ceramics, stone,
gypsum, aerated concrete blocks, metal, wood, glass, paper, cloth and plastic etc. After a series of
processing such as screening, sorting, crushing, and light material separation, these solid wastes can
be reused or recycled so as to conserve the environment and make it friendlier [1]. The transform of
C&D wastes into aggregate can be considered as economic tool to minimize the solid waste in the
environment, this process also opens many work opportunities [2].

For more clean environment, waste materials are used widely to achieve several benefits such
as low cost concrete, sometimes lightweight concrete achieved by using plastic wastes [3, 4] or waste
wood as fiber in concrete [5] and that give less weight or dead loads if it is used as blocks in partitions
of concrete buildings, the mechanical properties of waste aggregate concrete can also be improved by
modify it with non-slip sand and micro steel fiber [6]. A lot of researchers used wide range of wastes in
their studies , Ameer ,G [7] studied the effect of waste ceramic on concrete and found that compressive
strength give 17% increment by using waste white ceramic compared with ordinary aggregate concrete
, waste glass also used in concrete and gives an increment in some mechanical properties of concrete
[8,9] , waste slag from iron and metals factories can also be used in concrete as coarse and fine
aggregates, 25% increment in compressive strength achieved by using waste slag iron as fine aggregate
in concrete [10, 11].

The waste granite is also used in concrete as coarse aggregate to improve the mechanical
properties and reduce the cost of concrete production [12, 13], where many researchers studied the use
of waste aggregate from construction and demolition waste such as waste bricks, waste glass, and
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waste minerals to reduce the environmental pollution and to produce the least cost of concrete [14 —
17], waste tiles is also recycled as aggregate in concrete to achieve advantages of concrete properties
and develop the environmental impact [18]. Jaafar et al [19] studied the effects of using recycled wastes
such as tiles, concrete, and bricks as aggregate in concrete, they found increasing in compressive
strength using waste clay bricks with increment of about 2.6% and 4.2% increment by using waste
concrete. Ubi et al [20] obtained concrete with 30.8 MPa by using waste granite as coarse aggregate in
concrete while for reference mix of M25 (mix with 25 MPa) and the increment was about 23 %, this study
shows increment in compressive strength from 33 to 43 MPa with increment near 31%. Tran et al [21]
evaluated the properties of recycled concrete aggregate for medium quality of structural concrete,
beside the effect of using waste concrete as aggregate in concrete, they found a reduction 5 =9 % in
compressive strength.

This research aims to improve the mechanical properties of ordinary concrete by using two types
of waste materials that including waste concrete from old structures and waste granite as coarse
aggregate to reduce cost and more clean environment.

2 Experimental work
2.1 Preparing the materials

In this research, the C&D waste is prepared so as to get the accepted and standard type of
aggregate. The materials firstly includes screening and sorting these remains into sizes greater and less
than 150mm, secondly the mulk less than 15mm is also screened out from both of these two sizes. After
that, the wood, plastic and light materials are removed and the left is also processed by air separator to
get rid of the impurities. Finally, the inorganic aggregates would be collected to be ready for using in this
study (Fig. 1).
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Fig. 1: Stages of transforming construction and demolition waste into aggregate.

2.2 Mixing the materials

Control mix ordinary concrete is used with mix proportions as 1:1.5:2.2 ( cement: fine aggregate
:coarse aggregate) with super-plasticizer (0.6 liter for each 100 kg cement) , the waste aggregate
concrete is used in two types as replacement from coarse aggregate , the first type of waste aggregate
is black granite aggregate that results from uses in buildings flooring, and grinding waste pieces of
granite to make it as coarse aggregate as shown in Fig. 2, the black granite properties is shown in Table
1, while its chemical composition is shown in Table 2, the waste granite is used as coarse aggregate
with replacement this type of waste aggregate with ordinary aggregate using different percentages of
20%, 40%, 60%,80% and 100% (total replacement).The second type of waste aggregate is waste
concrete aggregate, it was used in this work instead of ordinary aggregate with the same percentages.
Fig. 2 shows both waste concrete aggregate and waste granite aggregate that are used in this study.
The sieve analysis of coarse and fine aggregates which are shown in tables 3 and 4, are confirmed to
Indian standards 383 [22], which are a global standards used in different studies around the world.

2.3 Testing the materials

In this work, compressive strength, tensile strength, absorption and density of concrete are
calculated, the compressive strength is done by using 100*100*100 mm cubic molds and tested the
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Fig. 3 for reference mix, Fig.4 shows concrete
on test, Fig.5 shows waste granite with 100%
for compressive strength also. Tensile strength
test is done by using 100*200 mm cylinders and tested them by using splitting tensile test as shown in

Fig.6.
Table 1: Some properties of black granite used as coarse aggregate.
Color Compressive strength, Tensile strength, Hardness (Moh's Density
[MPa] [MPa] scale [kg/m?]
Black 301 28 6-7 2989
Table 2: chemical composition weight percentages of black granite.
Sio? FeO, Fe,0; Al,O; K0 Na,O CaO Others
72 2.9 14.4 4.1 3.7 1.8 1

Table 3: Grading of fine aggregate confi

rmed with Indian Standards-383.

Sieve size % pass by weight Limits of Indian standards 383 ZONE 2
10* 100 100
4.75* 941 90 - 100
2.36* 78.3 75-100
1.18* 63.2 55-90
600™** 47.9 35-59
300** 13.4 8-30
150* 2.8 0-10

* = mm, ** = micron

Table 4: Grading of coarse aggregate confirmed with Indian Standards-383.

Sieve dimension -mm % pass by weight 20 MM ,Indian standards 383
40 100 100
20 96.1 95 - 100
10 28.9 25-55
4.75 3.1 0-10
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Fig. 2: lllustrative picture for waste concrete aggregate and waste black granite used in the study.
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Fig. 5: Concrete with 100% waste granite aggregate under the compression test.
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Fig. 6: Waste granite aggregate concrete under the tensile test.

3 Results and discussion

Table 5 shows the properties of waste concrete aggregate as coarse aggregate, it illustrates that
a reference mix gives 33.65 MPa strength in compression while it gives 36.9 MPa by using 100%
replacement of waste concrete as aggregates and that may be attributed to rough texture of crushed
waste concrete, tensile strength also increased from 1.7 to about 2.8 MPa by using waste concrete
aggregate. The absorption slightly increased from 1.9% to 2.3 % by using waste concrete and density
decreases from 2487 to 2384 Kg/m3. Table 6 shows properties of concrete using waste granite as coarse
aggregate, the density of concrete is highly increased from 2487 to 2708 kg/m3 by using 100%
replacement of waste granite and that because of high density of granite itself (2990 kg/m3). The
compressive strength increased from 33.65 to 43.97 MPa and that is much higher value than the value
obtained from waste concrete which was 36.9 MPa, this may be attributed to the excellent mechanical
properties of the used granite, which have compressive strength greater than 300 MPa. The tensile
strength also increased from 1.7 for reference mix to 3.57 MPa and this may also be indicated to the
high tensile strength of granite in addition to the good bond with cement paste. The absorption deceases
from 1.9% to 1.5% by using waste granite.

Fig. 7 illustrates the relation between the percentages of waste concrete aggregates and
compressive strength of concrete, Fig. 8 clarifies the relation between the percentages of waste granite
aggregates and compressive strength of concrete, while figures 9 and 10 show the development of
tensile strength for both concretes. The density changes for both two new types of waste concrete
aggregate changed with different styles, waste concrete causing slightly lower changing in density when
it used as coarse aggregates as shown in Fig. 11, however the waste granite aggregate caused higher
increment in density when it is used as coarse aggregate as shown in Fig. 12, both concretes show
higher increment in compressive strength and tensile strength compared with ordinary concrete. Less
absorption achieved by using waste granite as a coarse aggregate and that can give higher durability
for concrete.

4 Conclusions

It can be concluded from this study that the waste materials can be used in concrete with multiple
benefits such as using waste concrete from old buildings and waste granite that results from construction
works. The density changed for the both new types of waste aggregates concrete in this study, waste
concrete caused slightly changing (give lower values) in density when it is re-used as coarse
aggregates, while waste granite aggregate caused higher increment in density when it is used as coarse
aggregate, from other side the both concretes show higher increment in compressive strength and
tensile strength comparing with ordinary concrete. The use of the two waste materials give very
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satisfying results in compressive and tensile strength and also less absorption achieved by using waste
granite as coarse aggregate.

Table 5: The properties of waste concrete aggregate (concrete contain waste concrete).

Mix type Compressive Tensile Densit3y Abs?’rption
[MPa] [MPa] [kg/m?] [%]
Reference mix of \_Naste concrete 3365 174 2487 1.96
as aggregate in concrete
20% rep 34.11 1.78 2472 2.02
40% rep 34.76 1.87 2459 2.1
60% rep 35.42 2.08 2434 2.23
80% rep 36.81 2.45 2406 2.29
100% rep 36.90 2.79 2384 2.32

Table 6: The properties of waste granite concrete aggregate.

Mix type Compressive Tensile Densigy Absc())rption
[MPa] [MPa] [kg/m?] [%]
Reference mix of waste granite 33.65 1.74 2487 1.96
concrete
20% rep 35.90 2.20 2543 1.93
40% rep 37.84 2.69 2587 1.85
60% rep 40.05 3.13 2642 1.79
80% rep 42.18 3.40 2673 1.68
100% rep 43.97 3.57 2708 1.54
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Fig. 7: Compression development using different waste concrete percentages.



Civil and Environmental Engineering

Vol. 20, Issue 2, 711-719

Compressive
Strength (fc),
MPa

50

45

40
35

w

0

20

15

10

0 20 40

60

80 100
% replacement from coarse aggregate

120

Fig. 8: Compression development using different waste granite percentages.
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Fig. 9: Tensile strength (Ft) development using different waste concrete percentages.
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Fig. 10: Tensile strength (Ft) development using different waste granite percentages.
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Fig. 11: The change of density of concrete with different waste concrete aggregate.
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Fig. 12: The change of density for concrete with different waste granite aggregate.
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