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Abstract
Due to demolition of construction, a huge amount of waste is produced in every year in the world. So there is an
urgent need for recycling or dumping these construction debris. In compromising with huge demolition debris
for saving waste land and protection of environment, recycle of these waste with Portland Cement Concrete
(PCC) for further using in construction works. In this study, the bond behavior of PCC by using various percent
of waste bricks was observed. On behalf of this surveillance, 25, 50, 75 and 100% replacement of brick wastes
mixed with 0.5 w/c (water cement ratio by weight) which amalgamated proportion was 1:1.5:3 (by volume).
After exploration of 7 and 28 days result of cast cylinders, the bond strength of 7 days test was maximum for
natural aggregate and dwindling with increasing of replacement natural aggregate by waste debris. In the
meanwhile, after 28 days these outcomes were 7.24 MPA and 5.26 MPA for 0 and 100% replacement of natural
aggregate by wasted bricks respectively.
Keywords: Demolition debris, Recycled Brick, Bond Strength
1 Introduction
Concrete is an artificial construction materials that has been using for construction. Concrete consumption in the
world is estimated at two and a half tons per capita per year (equivalent to 17.5 billion tons for 7 billion
population in the world) (CAMBUREAU, 2008; Mehta, 2009). On the other hand due to demolition and
renovation every year billion tons of construction debris produce in the world. Generation of construction and
demolition debris means those materials resulting from the alteration, construction, destruction, rehabilitation, or
repair of any manmade physical structure including houses, buildings, industrial or commercial facilities, and
roadways (Aatheesan et al., 2009). Construction and Demolition (C&D) activities usually create waste that
needs to be disposed. Waste disposal affects the environment, disposal costs and waste management. In
sustainably managing waste, all aspects should be environmentally, economically and socially acceptable
(Eunice, 2011). A comparative result of recycling of waste in Denmark, Germany and Holland recycled more
than 80% of the C&D waste produced in 2002 where Finland, Ireland and Italy recycled between 30% and 50%,
and Luxembourg only 10% (Nunes et al., 2006). Besides, European Council of Civil Engineers (1998) reported
about production of C&D materials in various European countries. It was reported that about 24 million tonnes
per years are generated as construction waste in France and possible reusable amount is 16 million tonnes and
around 4-5 million tonnes can be used as effectively. In Denmark, recycling of construction wastes showed a
rapid increase to 80% in 1993 compared to 10% in 1985. It was also reported that the UK government has set a
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plan to increase the use of secondary material instead of using virgin material. For instance, the targeted use of
recycled aggregate from 40 million tonnes in 2001 to 55 million tonnes by the year 2006 (Aatheesan, 2011).In
Northern Ireland, a survey by the Environmental and Heritage Service (2002) estimated that nearly 6 million
tonnes of C&D waste were produced in 2001. However, only 100,000 tonnes were estimated to have been
recycled or processed by C&D waste operations. In Bangladesh, the volume of demolished concrete is
increasing due to the deterioration of concrete structures as well as the replacement of many low-rise buildings
by relatively high-rise buildings due to the booming of real estate business. Disposal of the demolished concrete
is becoming a great concern to the developers of the buildings. If the demolished concrete is used for new
construction, the disposal problem will be solved, the demand for new aggregates will be reduced, and finally
consumption of the natural resources for making aggregate will be reduced. In some project sites, it was also
found that a portion of the demolished concrete is used as aggregate in foundation works without any research
on the recycled aggregates. In most of the old buildings, brick chips were used as coarse aggregate of concrete
(Alan, 1977; Ravindrajah et al., 1988 and Chen et al., 2003). This research provides a contribution to Structural
Engineering, Environmental Engineering, and Sustainability in Structural engineering particularly in the
applications of concrete. Therefore, this research will be carried out to identify the sound engineering and
environmental uses of recycled brick in new construction and maintenance projects. For investigation of
suitability of using waste brick in construction bond and elastic behaviour of waste brick with PCC is observed.
Bond refers to the interaction between reinforcing steel and the surrounding concrete, which allows transferring
of tensile stress from the steel into the concrete. It is the mechanism that allows the anchorage of straight
reinforcing bars and influences many other important features of structural concrete such as crack control and
section stiffness. Similarly the bond between concrete and development length of reinforcing steel is essential
for composite action in reinforced concrete construction. It is well known that the use of deformed bars can
greatly enhance the steel–concrete bond capacity. On the other hand, the elastic properties of concrete are of
importance not only because of their bearing upon the deformation of concrete structures under load but also for
the design of reinforced concrete, it is necessary to know the relative stresses in the steel and concrete under like
distortions. Concrete is not perfectly elastic for any range of loading. Elastic properties of concrete vary with the
richness of the mixture and with the intensity of stress. They also vary with age of concrete (Neville, 1995).
2 Materials and Methodology
2.1 Materials
All the key materials were used in this research work are as follows:







Brick aggregates (Waste Brick)
Natural sand(Fine aggregate)
Crushed stone chips( coarse aggregate)
Binder ( Cement)
12mm dia deform bar.

2.2 Collections and preparation of brick aggregate
One of the most important tasks of this study was collection of waste brick (Figure 1) and preparation of brick
aggregate. The main ingredient of study waste brick was collected from the demolition of Civil Building, KUET
during its horizontal extension. After the collection of the waste brick these were manually crushed to get coarse
aggregate. The coarse brick aggregate was collected by separating from the crushed aggregate using a No. 4
ASTM standard sieve which is painted in Figure 2. Crushed glass retained on N0. 4 sieve was used as coarse
aggregate and passing material is known as fine aggregate.

Figure 1: Collection of waste brick

Figure 2: Preparation of coarse aggregate
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2.3 Properties of Materials
2.3.1 Fine Aggregate and Black Stone (As Natural Coarse Aggregate)
The natural sand used in this research was locally available river sand, known as Sylhet sand following ASTM
C33 (ASTM 2011c), with a saturated surface dry (SSD) specific gravity 2.4, water absorption 4.10%. Besides
fineness modulus (FM) was 2.97. The dry unit weight of the natural sand was determined 1600 kg/m3.The
natural coarse aggregate used in this research was crushed stone chips adhered to the ASTM C33 (ASTM
2011c) gradation as coarse aggregate with a dry rodded unit weight of 1530 kg/m3, SSD specific gravity of 2.75,
and water absorption 1.80%.
2.3.2 Binder and Steel
Portland cement was used as binder. Specific gravity, initial setting time and final setting time of Portland
cement were found 3.02, 120 minute and 180 minute respectively. 500W deform steel reinforcement bar were
used. Yield strength, Ultimate strength and elongation at maximum stress of 12 mm diameter bar were found
518MPa.
2.3.3 Crushed Waste Brick
The artificial coarse aggregate used in this research was waste brick chips adhered to the ASTM C33 (ASTM
2011c) gradation as a #57 coarse aggregate with a dry rodded unit weight of 910 kg/m3 ,SSD specific gravity of
1.97, and water absorption 18.60%.
2.4 Concrete Mix Proportion
The main ingredient of this study, waste brick, was collected from the demolition of Civil Engineering Building,
KUET during its horizontal extension. Concrete was mixed according to ASTM C192 using a standard concrete
mixture. 100 mm x 200 mm concrete cylinders were cast and compacted according to ASTM C31. In this study
total five batches of concrete were cast having the proportion of waste and natural aggregates that is represented
in Table 1. Each batch contains fifteen cylinder (each percentage having 3 cylinders) for 7 days and 28 days
bond and static elastic modulus test.
Table 1. Mix proportion of natural and waste aggregates

Sample Designation

% of Coarse Aggregate
Waste brick

Stone chips

% Fine Aggregate

F1

100

0

100

F2

75

25

100

F3

50

50

100

F4

25

75

100

F5

0

100

100

The concrete mix for every specimen was based on the mix design. The weight portion of the concrete mixture
was 1 (cement): 1.5 (fine aggregate): 3 (coarse aggregate), providing water to cement ratio of 0.5.
2.5 Mechanical Properties
2.5.1 Static Elastic Modulus
The elastic modulus was measured at 28 days for each of the mixtures. The test was performed using three
duplicate 100×200 mm cylinder per mixtures. Similar to compressive strength test, the cylinders were demolded
at 24 hour and moist cured until moments before testing at 28 days. This measurement was performed by
applying 40% of its ultimate (failure) load in accordance with ASTM C469-10 (ASTM 2010b). Hence the
elastic modulus was measured from the stress- strain diagram. The details of testing has been mentioned into the
following Figure 3.
2.5.2 Bond Strength
Three duplicate 100×200mm cylinders with 12mm dia rebar were tested for each mixture at 7 & 28 days after
casting. The cylinders were demolded at 24 hour and moist cured for the duration of their lifetime. Using the
standard load frame of universal testing machine, load was applied for various types of sample. The details of
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testing has been mentioned into the following Figure 4 The bond stress-slip evolution generally obtained
through classical pull-out tests using Equation 1.

Where,
P = failure load;
db = nominal bar diameter;
ld = embedment length.

Figure 4. Bond strength test

Figure 3. Experimental setup
for elastic modulus test

3.0 Result and Discussion
3.1 Static Modulus of Elasticity
The stress-strain curves for various specimen are plotted in the same graph (Figure 5) to compare their stressstrain behaviors. It is evident that concrete made by stone carries more stress and undergoes large deformation
till failure than concrete made by recycled brick. The elastic modulus of various mixtures are shown in Table 2
and a diagram of elastic modulus vs. percent replacement of recycled brick by stone chips is shown in Figure 6.

Table 2. Static Elastic Modulus of different concrete mixtures at 28 days
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Mix Identifier
Elastic Modulus
(MPa)

F1

F2

F3

F4

F5

13453.8

14139.2

14663.4

14887.8

16159.4

3.2 Bond Strength
Table 3 shows the bond tests of the cylinder specimens. By observing it is seen that, 7 days bond strength with
natural aggregate is 5.2 MPa. As the replacement of coarse aggregate by recycled brick aggregate increases,
strength values are decreased to 3.7 MPa with 100% replacement. For 28 days strength, natural coarse aggregate
concrete strength is 7.24MPa whereas bond strength values are slowly decreased to 5.26MPa after 100%
replacement. The graphical presentation is shown in Figure 7.
Table 3. Result of bond strength for various mix proportion
Mix
Identifier

F1
F2
F3
F4
F5

7 days

28 days

Avg.
Load
(KN)

Avg.
Strength
(MPa)

Avg.
Load
(KN)

Avg.
Strength
(MPa)

28.9
31.2
36.1
37.0
40.0

3.7
4.1
4.6
5.1
5.2

44.9
45.4
48.2
51.5
54.6

5.9
6.1
6.4
6.8
7.2
Figure 7. Bond strength vs. % replacement of
RBA

3.2.1 Bond-slip relation
Bond-slip relationship is shown for 7 days and 28 days relationship is shown in Figure 8 and Figure 9
respectively.

Figure 8. Bond strength vs. slip relation for
various % RBA for 7 days

Figure 9. Bond strength vs. slip relation for
various % RBA for 28 days
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The bond strength for 7 days of sample F1, F2, F3, F4 and F5 was found 3.65 MPa, 4.10 MPa, 4.59 MPa, 5.05
MPa and 5.24 MPa. The figures show that slip is high for F1 sample (6.64 mm) and F5 sample shows
comparatively less slip (5.32 mm) among all the sample. Again the strength for 28 days of sample F1, F2, F3,
F4 and F5 was found 5.96 MPa, 6.02 MPa, 6.39 MPa, 6.83 MPa and 7.24 MPa. The figures show that slip is
high for F1 sample (7.28 mm) and F5 sample shows comparatively less slip (6.30 mm) among all the sample.

4 Conclusion
This research compared the performance of conventional natural aggregate concretes with concretes containing
recycled brick aggregate as 100% replacement of coarse aggregates. This research also studied the effect of
partial replacement of conventional natural aggregates (coarse) by recycled brick aggregates. The major findings
are as follows:



Recycled crushed bricks can be used satisfactory as coarse aggregate for making concrete of
acceptable strength characteristics.



Concrete made by stone carries more stress and undergoes large deformation till failure than
concrete made by recycled brick.



Natural coarse aggregate concrete strength is 7.24MPa whereas bond strength values are slowly
decreased to 5.26MPa after 100% replacement.



Slip of rebar is increased, also it possibly as a result of a lower fracture toughness of aggregate
particles or weaker bonding between aggregates and cement paste.



Maximum slip is 7.28 for 100% replacement of black stone by recycled brick where minimum is
6.30 for 0% replacement.



Maximum and minimum static elastic modulus are 16159.4 and 13453.8 MPa for 0 & 100%
replacement of black stone chips by recycled brick aggregates.
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