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Abstract This paper presents an experimental investigation on the properties of
cement-coated brick aggregate concrete. Natural coarse aggregate (NA) in concrete
was replaced with cement MO-coated aggregate (CCBA) for 25, 50, 75, and 100%.
CCBA was tested for the physical and mechanical properties to compare with the
NA. A total of 5 concrete mixes consists of one control mix MO and four CCBA
(M25-M100) concrete mixes were prepared and tested for the physical properties
and mechanical strengths. The physical properties of concretes such as workability
(fresh stage), hardened density, and water absorption were determined. The compres-
sive strength of the concrete was tested at 7, 28, and 56 days. Meanwhile, splitting
tensile strength was determined at 28 days only. The experimental results showed that
workability of the concrete was reduced with the increasing of CCBA in concrete.
Zero slump concrete was recorded for concrete containing 75 and 100% CCBA.
The water absorption of the concrete was increased with the increasing amount of
CCBA. There is no significant reduction of compressive strength for CCBA concrete.
However, CCBA concretes gained lower splitting tensile strength compared to the
normal concrete. More investigation has to be done to validate the potential usage of
recycled CCBA as coarse aggregate replacement for concrete construction.
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1 Introduction

The rapid growth of construction sector leads to a high amount of consumption
of construction minerals especially rock materials and sand which are the main
source of construction material. The construction cost might be increased due to the
shortage of these construction materials. Although the supply of natural aggregate
was considered to be adequate for development in the next few years [1], but the
high demand of aggregate may reduce the natural aggregate resources if no control
measures are implemented [2]. To prevent the impact of shortage, a sustainable
measure should be conducted. Coarse recycled brick aggregates recovered from the
demolition of masonry structures can be used in the manufacture of new concrete
mixtures. The utilization of masonry waste and crushed brick is an environmentally
friendly measure which brings along the advantages to economy and environment.
Brick aggregate as coarse aggregate in the manufacture of new concrete is adequate as
brick aggregate is lightweight compare to natural aggregate. However, the compres-
sive strength of the concrete with recycled clay brick aggregate is relatively lower
compared to natural aggregate concrete [3, 4].

Brick aggregates show high porosity and low compressive strength [4—6]. Due to
the high porosity of brick aggregates, hence, the water absorption of brick aggregate
is relatively higher [4-9]. In order to reduce the water absorption of aggregates,
application of cement coating on aggregate is necessary to reduce the porosity of
the aggregates [10, 11]. Two-stage mixing approach was proposed which premix the
recycled aggregate with proportional contents of required cement for 60 s before
mixed with remaining ingredients of concrete for 120 s [12]. Two ways of cement
coating were proposed which are single coat and double coat. Both of the coating
techniques are the same which the cement paste with W/C ratio of 0.50 was prepared
and mixed with the aggregates for 5 min [13].

Brick is known to be a high porous ceramic material which has high water absorp-
tion. Therefore, cement-coated brick aggregate is required to improve the perfor-
mance of brick as a coarse aggregate in manufacture concrete. This study aimed
to investigate the properties of concrete incorporating with cement-coated coarse
aggregate.

2 Experimental Design

The physical and mechanical properties of cement-coated brick aggregate (CCBA)
were investigated by conducting sieve analysis, water absorption, and aggregate
impact value tests. In order to study the physical and mechanical properties of CCBA



Properties of Cement-Coated Brick Aggregate Concrete 347

Fig. 1 Crushed clay brick
aggregate

concrete, 45 concrete cubes (100 mm x 100 mm x 100 mm) and 14 concrete cylinders
(150 mm diameter x 300 mm length) specimens were prepared. A total of 5 concrete
mixes were prepared with different percentage of CCBA ranging from 0 to 100%
used as the coarse aggregate in concrete.

2.1 Materials

The materials used in this study are ordinary Portland cement (OPC), natural fine
and coarse aggregates, CCBA, and tap water. Clay bricks were broken manually
using hammer before crushed to the smaller size using mechanical crusher into brick
aggregates. The brick aggregates used were sieved passing through 20 mm sieve and
retained in 5 mm sieve. The cement pastes with the water/cement ratio of 0.5 were
used to treat the clay brick aggregate. The brick aggregate was submerged in the
cement paste for about 5 min and let it dry naturally under ambient condition for
bonding purpose. Figure 1 shows the crushed clay brick aggregate before treatment
as CCBA, and Fig. 2 shows the brick aggregate after cement coating.

2.2 Properties of Coarse Aggregates and Mix Proportion

Sieve analysis was conducted for the CCBA. Besides, loose bulk density, water
absorption, specific gravity, and impact value tests were carried out for both natural
coarse aggregates (NA) and CCBA. Figure 3 shows the gradation of the CCBA. The
properties of NA and CCBA are summarized in Table 1. CCBA used in the study is
almost in the range between the upper and lower limit of the coarse aggregate size
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Fig. 3 Gradation of CCBA

based on BS standard. The distribution curve shows CCBA has lesser aggregate in
10 mm size. As predicted, CCBA is much lighter, higher water absorption, and lower
mechanical strength compared with NA.

Fives concrete mixes were prepared as given in Table 2. The mix was designed to
have a 28-day target compressive strength of 30 MPa with a constant water/cement
ratio of 0.55. The control mix (MO) is the normal concrete without CCBA. CCBA
was used to replace NA based on the control mix for another four mixes (25, 50, 75,
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Table 1 Properties of aggregates

Type of Bulk density | Specific gravity | Water absorption | Aggregate impact
aggregates (kg/m3) (%) value

Natural coarse 1617 1.62 3.63 16.09

aggregate (NA)

Cement-coated | 1019 1.02 11.07 41.14

brick aggregate

(CCBA)
Table 2 Mix proportions

Mix Id Materials (kg)

Cement | Water |CCBA |NA Natural fine aggregate

MO (100% NA, 0% CCBA) 7.20 3.96 0.00 13.10 |13.10

M25 (75% NA, 25% CCBA) | 7.20 3.96 2.02 9.83 |13.10

M50 (50% NA, 50% CCBA) | 7.20 3.96 4.05 6.55 |13.10

M75 (25% NA, 75% CCBA) | 7.20 3.96 6.07 3.28 |13.10

M100 (0% NA, 100% CCBA) |7.20 3.96 8.09 0.00 |13.10

and 100%) The mass of the CCBA used in the mix is calculated by considering the
density of the aggregates.

2.3 Specimens and Tests

The properties of concrete were determined accordance to the standard procedures.
100 mm cubes specimens were used to test the compressive strength at 7, 28, and
56 days and water absorption at 28 days. Water absorption of the hardened concrete
was measured up to 120 min. 150 mm diameter x 300 mm length cylinder specimens
were used to study the flexural strength at 28 days. All concrete specimens were
subjected to water curing. Workability for fresh concrete, compressive, and splitting
tensile strengths of hardened concrete were measured according to the procedure
prescribed in BS 1881 [14, 15] and ASTM C496 [16], respectively. The reported
results are the averages of the measurements for all properties.
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Fig. 4 Workability of concrete

3 Results and Discussions

3.1 Workability

Workability of the concrete mixes was determined by using slump test. Figure 4
shows the results of the slump test. The slump value of the concrete reduced with the
increasing portion of CCBA in concrete. Zero slump was recorded for the concrete
mix containing 75 and 100% CCBA. The reduction of workability in CCBA concrete
is due to the higher water absorption of CCBA, and the irregular shape of CCBA
provides more friction among the particles.

3.2 Hardened Density

Figure 5 shows the density of the hardened concrete with different portion of CCBA
as coarse aggregate. The density was measured based on the 100 mm cubes before
subjected to compressive strength test. The density of the hardened concrete was
decreasing with the increasing of CCBA replacement as coarse aggregate in concrete.
M100 achieved the lowest density with an average of 8.3% lower than MO. The reduc-
tion in density of concrete can be attributed to the aggregate density and shape [17].
Therefore, concrete containing CCBA gained lower density is due to the lightweight
properties of CCBA.
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Fig. 5 Hardened density

3.3 Water Absorption

The results of the 28 days water absorption are shown in Fig. 6. The water absorption
of the concrete was measured based on 100 mm cubes. The reading of the water
absorption was taken at 10, 20, 30, 60, and 120 min. The water absorption of the
concrete is gradually increase over time. The increasing of CCBA in concrete has
caused the increasing of water absorption. M100 consists of 100% which CCBA
shows the highest water absorption with an increment of 68% compared with MO.
The result shows that the water absorption of concrete was increased as the amount of
replacement of coarse aggregate using CCBA increase. Brick aggregate is generally
having higher porosity and water absorption [6]. Therefore, the water absorption of
concrete containing CCBA is relatively higher than the concrete with NA due to the
higher capillary for concrete containing CCBA.

3.4 Compressive Strength

Figure 7 shows the compressive strengths of different concrete mix at 7, 28, and
56 days. All mixes achieved the 28-day design targeted strength of 30 MPa with
the highest and lowest strengths associated with concrete MO (38.2 MPa) and M75
(34.9 MPa), respectively.

The results show that the replacement of NA with CCBA did not show a significant
reduction of the compressive strength for all ages. At 56 days, all CCBA concretes
except M100 have gained higher compressive strength compared with MO. The
highest compressive strength was achieved by M25 of 42.0 MPa at 56 days which
is 4.74% higher than M0O. M25 has showed the highest increment in compressive
strength which is 96.26% at 56 days compared to its 7 days strength. While, MO shows
an increment of almost 80% in compressive strength at the age of 56 days compared
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Fig. 7 Compressive strength of concrete

to its 7 days strength. Based on the compressive strength results, all concrete mixes
containing CCBA were achieved structural grade with reasonable strength.

3.5 Splitting Tensile Strength

Splitting tensile strength of the concrete was measured at the age of 28 days. Figure 8
shows the relationship between the percentage of CCBA as partial replacement in
concrete and the splitting tensile strength. The splitting tensile strength of concrete
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Fig. 8 Splitting tensile strength of concrete

is found to decrease with the increase of percentage replacement of CCBA as coarse
aggregate, Concrete which containing 100% of NA (MO) shows the highest split-
ting tensile strength of 3.17 MPa. Inversely, concrete containing 100% of CCBA
(M100) gained the lowest splitting tensile strength of 2.65 MPa. The use of CCBA in
concrete has caused a reduction of splitting strength ranging between 12 and 16.4%
compared to MO. The splitting tensile strength of concrete reduces when the increase
of percentage of CCBA in concrete might due to the lower internal friction of the
aggregate. The application of cement coating on brick aggregate reduced the internal
friction of the aggregate and as a result the splitting tensile strength of the concrete
decreased. This is due to the formation of a weaker interfacial transition zone (ITZ)
around coated aggregate as the failure surface [13].

4 Conclusions

This study has exclusively focused on the physical and mechanical properties of
cement-coated brick aggregate (CCBA) concrete. CCBA has a low density, high
aggregate impact value, and high water absorption due to the high porosity of brick
aggregates. The high water absorption of CCBA leads to the low workability of
concrete with the same water/cement ratio compared to natural aggregate concrete.
The compressive strength of concrete containing CCBA did not show a significant
reduction without changing the water/cement ratio. The splitting tensile strength
of the concrete decreases as the percentage of CCBA as partial coarse aggregate
replacement in concrete increases. The main reason for this is attributed to the weak
interfacial transition zone (ITZ) around the coated aggregate. Based on the experi-
mental results, CCBA concrete has good advantage in weight reduction, comparable
compressive strength to NA concrete, but the workability and splitting tensile strength
need further investigation before practical application in concrete construction.
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