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ABSTRACT

This study investigates the performance of concrete incorporating various recycled fine aggregates,
including recycled brick aggregates, Fly Ash (FA), and Sugar Cane Bagasse Ash (SCBA). The test results
showed that the mechanical properties were adversely affected when utilizing recycled brick or concrete
aggregates, whereas FA or SCBA enhanced them. The water absorption potential of recycled bricks was
proportional to the reduction in mechanical properties. FA and SCBA enhanced compressive strength and
increased flexural strength up to 175.72% and 225.51%, respectively, at 20% replacement. The inclusion
of recycled brick and concrete aggregates raised water absorption, while FA and SCBA significantly

lowered it, improving the overall performance.
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I.  INTRODUCTION

Concrete is a fundamental building material extensively
utilized in engineering developments. In 2021, China's concrete
production amounted to 3.07 billion m®, marking an increase of
approximately 5.54% from 2020 [1]. Construction waste is
primarily managed through dumping and landfilling, which
leads to significant environmental issues [2, 3]. Approximately
35% of international construction and demolition waste is not

disposed properly [4]. By crushing these materials, recycled
aggregates can be produced and used to partly or fully
substitute Natural Aggregate (NA) in the production of
Recycled Brick Aggregate Concrete (ReBAC) [5]. This
approach helps conserve natural reserves, decreases the need
for landfill place, and supports the green production of building
materials [6]. Concurrently, it could effectively contribute to
achieving carbon peak and carbon neutrality goals [7, 8].
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Prior investigations have indicated that the inclusion of
recycled aggregates can compromise concrete properties [8-
10]. Nevertheless, the effect of recycled aggregates on the
mechanical properties of concrete has been argued with some
disagreement. The quantitative decline in mechanical
properties is inconsistent across various studies. Authors in [9]
observed a reduction of 16% in compressive strength and 7%
in tensile strength when 100% of Natural Fine Aggregate
(NFA) was replaced with recycled fine aggregate. Conversely,
authors in [10] stated a decrease of 4%-12% in compressive
strength and 24% in tensile strength under the same conditions.
These discrepancies highlight the need for further investigation
to ensure the proper design of concrete utilizing recycled
aggregates.

The current research focuses on recycling bricks as a partly
substitution of NFA. This approach is driven by the fact that a
substantial portion of annual construction waste is comprised of
bricks. The volume of clay brick waste produced annually is
increasing exponentially [11, 12]. Estimates indicate that China
generates approximately 400 million tons of brick waste
annually, contributing to 45% of the entire construction waste
produced [13, 14]. Three categories of bricks were considered:
fired clay solid bricks (RBA), fired clay hollow bricks (RBB),
and hydraulically compressed clay interlocking bricks (RBC).
Additionally, the results are compared with those from concrete
made using partial replacements of NFA aggregate with
Recycled Concrete Aggregate (RCA), Fly Ash (FA), and Sugar
Cane Bagasse Ash (SCBA).

II. RESEARCH SIGNIFICANCE

Although some studies have utilized recycled brick
aggregates as a substitute for NFA in concrete, the properties of
the resulting concrete have shown considerable variation. This
underscores the need to further examine the behavior of
recycled aggregate concrete. The present study replaces NFA
in concrete with recycled brick aggregates derived from three
different types of bricks. Additionally, FA and SCBA, both
pozzolanic in nature, are used as partial replacements to study
and compare their effects with those of recycled brick
aggregates.

III. EXPERIMENTAL FRAMEWORK

A. Test Specimens Details

In this study, the mechanical characteristics of concrete
made by replacing NFA with 10% and 20% of recycled brick
and concrete aggregates are explored. NFA was replaced with
10% or 20% of RBA, RBB, RBC, RCA, FA, and SCBA. Table
I lists the specimens tested for mechanical properties and water
absorption. Three specimens were tested from each category
and the results were average. The target compressive strength
was 15 MPa. The decision to use 10% and 20% replacement
ratios for recycled brick and concrete aggregates was taken
based on by prior studies and industry norms. These specific
percentages allow for a meaningful evaluation of the
mechanical properties while still achieving environmental
benefits by reducing the reliance on NA. Other ratios were
considered, but initial testing revealed that higher replacement
levels would lead to a significant decline in concrete strength,

making them impractical for most applications. The selected
ratios strike a balance between sustainability and structural
integrity.

TABLE L DETAILS OF TESTED SPECIMENS
ID Recycle aggregate origin Replacement (%)
Con Natural
RBAI10 Fired clay solid brick 10
RBA20 Fired clay solid brick 20
RBB10 Fired clay hollow brick 10
RBB20 Fired clay hollow brick 20
RBC10 Cement clay interlocking brick 10
RBC20 Cement clay interlocking brick 20
DRCI10 Demolished recycled concrete 10
DRC20 Demolished recycled concrete 20
FA10 Fly ash 10
FA20 Fly ash 20
SCBA10 Sugarcane bagasse ash 10
SCBA20 Sugarcane bagasse ash 20

B. Material Properties

The test matrix utilized recycled concrete from demolished
buildings and three different types of building bricks. The first
two types of bricks were composed of clay (solid and hollow),
while the third type was a hydraulically compressed cement
clay interlocking brick, as illustrated in Figure 1. Each type of
brick and concrete was locally acquired, and a crusher machine
was utilized to crush them. The crushed bricks were screened
to standard fine aggregate sizes. The grading for all mix
designs was kept constant to determine the grading of fine
aggregates. A standard sieve set with minimum of 0.15 mm
and maximum of 5 mm was utilized. The mechanical
properties of the bricks were determined through compressive
strength and water absorption tests, as shown in Table II. Table
IIT presents the physical and mechanical properties of the
RCAs, which were determined in accordance with ASTM
C128-07a.

RBA

 SCBA

Various fine aggregate types used.

RCA FA
Fig. 1.

C. Specimen Details

In this work, cylinders of 150 mm and 300 mm diameter
and height, respectively, were used to measure the compressive
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strength and splitting tension of concrete. The dimensions of
the flexural beam specimens were 100 mm in height and width,
and 500 mm in length. The water absorption test cubes edge
was 150 mm. Dimension details of the test specimens are
graphically shown in Figure 2.

TABLE II. MECHANICAL PROPERTIES OF BRICKS
Tvpes Density Compressive Water
yp (kg/m3) strength (MPa) absorption (%)
RBA 1200 3.14 22
RBB 1400 8.10 13.10
RBC 1450 6.26 12.30
TABLE III. PROPERTIES OF FINE AGGREGATES
Property NA | RBA | RBB | RBC | DRC | FA | SCBA
Bulk specific
gravity (kg/ms) 2271240 | 244 | 230|228 | 199 1.59
Water ?,'7’:)"“’""“ 044|147 | 06 | 0.94 | 244 | 051 | 0.65

DIA 150.00 mn

~

300 mm

< >

150 mm

(a) (b)

500 mm

100 mm

"

()

Fig. 2. Specimen details for: (a) compression and split tensile testing, (b)
water absorption testing, and (c) flexural testing.

D. Test Setup

For compression testing, each cylinder was subjected to a
load using a Universal Testing Machine (UTM). To ensure
even load distribution, the top and bottom surfaces of each
cylinder were meticulously cleaned and smoothed, as shown in
Figure 3(a). For the splitting test, the cylinder specimens were
laid horizontally, and a deformed steel bar was attached at the
top of the specimen along a height of 200 mm. The load was
applied using the UTM machine, as depicted in Figure 3(b).
The flexural test prisms, each 500 mm in length, were set up in
the flexural test equipment, as shown in Figure 3(c). A 10-ton
load cell was placed at the top of the specimens. The 150 mm
cubes underwent the water absorption test according to ASTM-
C-642-06.

C
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LVDT
mﬁ/ LVDT Stand

Ut™m

Specimen &

Load

(b) Supplementary ;
Pl d St
Steel Bar ywood St
Failure Plane
Load
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Base of UTM

L,/ 3] /3
—=—=Span Length =L—

Fig. 3.
loads.

Test configuration for (a) compressive, (b) tensile, and (c) flexural

IV. EXPERIMENTAL RESULTS

A. Compressive Strength

The compressive strength of specimens can be seen in
Figure 4. A reduction was shown in all cases with the exception
of FA and SCBA. The maximum reduction was observed in the
case of RBA10. Another important observation is that the
increase in replacement ratio from 10% to 20% reduced the
compressive strength in all cases of recycled brick and concrete
aggregates. The inclusion of FA and SCBA enhanced the
compressive strength. However, the compressive strength did
not show significant alteration by changing the replacement
ratio of SCBA. Similar observations were also reported by the
authors in [15], who replaced NFA with SCBA with various
replacement ratios. It was noted that the compressive strength
was enhanced at 10% substitution by SCBA, but it slightly
reduced when the replacement ratio increased to 20%. It should
be noted that the decrease in compressive strength with
increase in replacement ratio is documented in [16, 17]. The
decrease was found to depend on the type of recycled brick.

B. Split Tensile Strength

The splitting tensile strength of specimens can be seen in
Figure 5. Except for FA and SCBA, the splitting tensile

www.etasr.com

Weesakul et al.: Mechanical Properties of Recycled Aggregate Concrete with Industrial Waste Ash



Engineering, Technology & Applied Science Research

Vol. 14, No. 6, 2024, 18042-18047 18045

strength decreased in all cases, with RBA10 exhibiting
maximum reduction. Another important observation is that
increasing the replacement ratio from 10% to 20% reduced the
splitting tensile strength further for all types of recycled brick
and concrete aggregates. The splitting tensile strength showed
significant enhancement by increasing the replacement ratio of
SCBA. It is noteworthy that the decrease in splitting tensile
strength with an increased replacement ratio is well-
documented [18]. In this study, the highest reduction in
splitting tensile strength was observed for RBA, followed by
RBB and RBC. For 20% replacement ratio, the reduction in
split tensile strength ranged from -5.95% to -41.68%. For the
10% replacement ratio, this variation ranged from +2.01% to -
40.10%.
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Fig. 4. Compressive strength result comparison.

C. Flexural Strength

The comparison of flexural strength is observed in Figure 6.
The flexural strength demonstrated a reduction in the case of
recycled brick and concrete aggregates. Again, the maximum
reduction in flexural strength was reported for RBA bricks,
followed by RBB, and RBC. The increase in replacement ratio
reduced the flexural strength further of recycled brick and
concrete aggregates. On the contrary, the increase in
replacement ratios of FA and SCBA further enhanced the
flexural strength. At 10% and 20% replacement ratios, the
flexural strength of FA-based concrete was 135.80% and
175.72% greater than the control mix, respectively. Similarly,
the same enhancement for SCBA-based concrete was 202.88%
and 225.51%, respectively.
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Fig. 5. Split tensile strength result comparison.

For 10% replacement ratio, the decrease in flexural strength
of recycled brick-based concrete ranged from -4.53% to

-26.34%. This reduction for the 20% replacement was further
enhanced and ranged from -8.64% to -37.29%. This reduction
in flexural strength is attributed to the issue that the inclusion of
recycled aggregates decreases the content of hydration
products, leading to a decrease in the flexural strength of
concrete [19]. The reduction in flexural strength by the
incorporation of recycled brick aggregates has been reported in
[20, 21]. In [22], NFA was replaced with FA with replacement
ratios ranging from 10% to 40%. It was noted that the inclusion
of FA had a positive influence on flexural strength.
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Fig. 6. Flexural strength result comparison.

D. Water Absorption

The comparison of water absorption ratios can be seen in
Figure 7. Compared to the water absorption of the control mix,
the mixes with recycled brick and concrete aggregates
exhibited greater potential for water absorption. This can be
attributed to their reduced mechanical properties, ascribed to
the lower water quantity left for hydration. On the other hand,
mixes with FA and SCBA demonstrated significantly lower
water absorption than the control mix. The 10% and 20%
replacement ratios of FA demonstrated lower water absorption
ratios than control mix by 20.14% and 25.18%, respectively.
SCBA-based mixtures at 10% and 20% demonstrated 30.57%
and 40.04% reduced water absorption ratios than the control
miXx, respectively.
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E. Failure Modes

The established failure patterns of concrete specimens
subjected to compression, flexure, and splitting are well-
recognized. Figure 8 depicts the failure modes under
compression, showing that all specimens displayed typical
behavior characterized by concrete crushing and longitudinal
splitting of cylinders.
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Cracks propagated along the full height of the samples, and
the failure patterns were notably similar, as illustrated in Figure
9. Similarly, Figure 8 highlights the flexural failure modes,
where all specimens exhibited splitting perpendicular to the
beams' longitudinal axis. Figure 10 shows the splitting failure
modes, indicating a consistent failure pattern across all
specimens. The differences in mechanical performance among
the recycled brick types (RBA, RBB, RBC) can be traced back
to their varying physical characteristics. RBA, which is made
from fired clay solid bricks, absorbed the most water and had
the lowest compressive strength, resulting in weaker concrete.
In contrast, RBB and RBC performed better due to their lower
water absorption and higher intrinsic strength.

RBB10 RBB20

DRC10 DRC20

'

FA20 SCBA10 SCBA20

Fig. 8. Failures modes in compression.

SCBAI0 SCBA20

Fig. 10.  Failures modes in flexure.

V. CONCLUSIONS

The study addresses the variability in concrete properties
when recycled brick aggregate is used as a substitute of Natural
Fine Aggregate (NFA). To better understand this, in this study,
NFA was replaced with recycled brick aggregates derived from
three different brick types. Additionally, the effects of partial
replacements with Fly Ash (FA) and Sugar Cane Bagasse Ash
(SCBA), both of which are pozzolanic materials, were
examined to compare their impact with that of the recycled
brick aggregates.

e The compressive strength of concrete reduces with the
incorporation of 10% recycled brick and concrete
aggregates, with the most significant reduction observed
when using recycled brick aggregates. Increasing the
replacement ratio to 20% further diminished compressive
strength across all types of recycled aggregates. However,
the addition of FA and SCBA enhanced the compressive

FA20 SCBA10 SCBA20

Fig. 9. Failures modes in split tension.
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strength, with FA showing a more
improvement as the replacement ratio increased.

pronounced

The decrease in compressive strength is influenced by the
type of recycled brick used, with the highest reduction
associated with RBA, followed by RBB and RBC.
Additionally, water absorption characteristics align with the
same order of recycled brick types.

Using recycled brick and concrete aggregates reduces the
splitting tensile and flexural strength of concrete, with the
greatest reduction observed for RBA10. Increasing the
replacement ratio from 10% to 20% further decreases these
strengths. However, FA and SCBA improve both splitting
tensile and flexural strengths, with FA showing increased
benefits at higher replacement ratios. For FA-based
concrete, flexural strength increased by up to 175.72% at
20% replacement, while SCBA-based concrete saw
improvements of up to 225.51%.

The inclusion of recycled brick and concrete aggregates
increases water absorption due to their reduced mechanical
properties. In contrast, FA and SCBA significantly decrease
water absorption, enhancing the overall performance.
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