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Abstract

Due to advancements in modern technology, the practice of manual brick crushing is being alternated over time
by machine-based method to produce coarse aggregates for concrete. These crushing methods lead to change in
brick aggregate properties which may subsequently affect concrete performance. This study aims to compare the
mechanical properties of concrete made with brick aggregates obtained from manual and machine crushing
processes. Two commonly used brick types in Bangladesh namely first-class and picket (over-burnt) were crushed
using both methods and the aggregates were tested for physical properties. Concrete samples with three mix ratios
(1:2:4, 1:1.5:3 and 1:1:2 by volume) were then evaluated after 28 days for compressive strength, splitting tensile
strength and modulus of elasticity. Results showed that picket bricks and machine-crushed aggregates provided
superior strength and elasticity, while higher mix ratios further enhanced concrete quality. The findings emphasize
that concrete properties are significantly influenced by the brick type, crushing technique, and mix ratio.

Keywords: Machine crushed aggregate; Manually crushed aggregate; Mix ratio; Concrete mechanical properties;
Brick aggregate.

1 Introduction

Concrete production requires vast amounts of natural resources, which has raised significant concern about
adopting more sustainable building practices. Around 60% to 75% of concrete’s total volume comes from coarse
and fine aggregates, which are mainly collected from natural stone sources. Since concrete is the world’s second
most used material after water, it is very important to find a proper alternative to natural crushed stone aggregates.
In Bangladesh, crushed stone aggregates are not locally available in sufficient quantities and are costlier compared
to crushed brick aggregates due to import duties, taxes, and transport costs. However, Bricks are widely produced
and used as the main building material across the country. Broken or over-burnt bricks can be crushed and used as
coarse aggregate in concrete, which makes brick aggregate a practical and cost-effective substitute for natural stone
aggregates in local construction (Lennon, 2005).

Although crushed brick aggregates typically possess higher porosity and absorb more water, leading to reduced
strength (Afroz et al., 2015), they are still widely used in construction. Cachim (2009) demonstrated that brick
chips could replace up to 15% of stone aggregates without compromising concrete strength if other conditions
remain the same. Previous studies have shown that high-strength concrete can be produced using well-burnt,
properly graded brick chips (Akhtaruzzaman et al., 1983) and ( Rashid et al., 2009). (Khalaf et al., 2004) observed
that concrete made with brick aggregates can even perform better than stone aggregate concrete when exposed to
high temperatures. Khaloo (1994) and Hansen (1992) found that both clinker and recycled brick aggregates can
improve concrete’s tensile strength. In addition, Adamson et al. (2015) noted that brick aggregates can partly
replace stone aggregates without major changes in durability, provided there is no embedded steel. The mechanical
properties of concrete, such as compressive and tensile strength, depend heavily on the characteristics of the
aggregates used (Ayub et al., 2012). Therefore, Prior to using brick chips in concrete mixtures, a proper
investigation of their strength and physical behavior is essential. Some researchers have highlighted that the shape
and strength of coarse aggregates strongly influence the quality of concrete. A high proportion of flaky and
elongated particles can decrease workability, impermeability, and compressive strength (Islam et al., 2020) and
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(Yuetal., 2015). In addition to these factors, properties such as void content, absorption capacity, unit weight, and
aggregate toughness also play crucial roles in determining concrete quality.

Bricks can be crushed manually or by machine, with both methods still used in Bangladesh depending on project
needs. While machine crushing offers speed and convenience, the impact of each method on aggregate quality and
concrete performance remains unclear. Some studies suggest manually crushed aggregates may yield stronger
concrete, but comparative data is limited. Crushing methods influence aggregate properties like size, shape, and
strength, which in turn affect concrete's workability, strength, and durability. The choice often depends on cost,
time, and resource availability. This study aims to compare concrete made with manually and machine-crushed
brick aggregates to evaluate their effects on mechanical properties, helping inform better construction decisions.

2 Materials

2.1 Properties of Bricks

Bricks are clay-based materials that harden upon firing and are commonly used in structural applications. Since
crushed bricks are used as coarse aggregates in concrete, their physical properties are crucial. As shown in Table
1, water absorption was measured per ASTM C67, indicating porosity and potential impact on concrete strength.
Higher absorption suggests lower unit weight and weaker performance. Additionally, compressive strength was
tested using soaked, leveled half-brick samples following ASTM C67, as bricks are typically subjected to
compressive loads in construction.

Table 1. Properties of bricks used in the study

Types of BuII§ unit Specific Absorp_tion Compressive
brick weight Vit capacity strength
e (Kg/m?) oraviy (%) (MP2)
FCB 1609.2 16 155 104
PB 1710.3 1.7 14.7 175

2.2 Properties of Coarse Aggregate

Coarse aggregates retained on a 4.75 mm sieve contribute a vital role in determining concrete volume, strength,
workability, and overall cost. In this investigation, locally sourced coarse aggregates were utilized, and their
physical properties are outlined in Table 2.

Table 2. Properties of coarse aggregate

First class brick Picket brick
Properties of brick aggregate Manually Machine Manually Machine
crushed crushed crushed crushed
aggregate aggregate aggregate aggregate
Fineness modulus 74 6.83 7.56 6.78
Absorption capacity (%) 17.95 15.29 11.62 11.11
Specific gravity 191 1.96 2.12 2.2
Compacted unit weight (Kg/mq) 1093.81 1089.69 1115.46 1110.31

Gradation was determined through sieve analysis as per ASTM C136, and the fineness modulus (FM) was
computed to indicate particle size. To evaluate specific gravity and water absorption, both tests were tested
following ASTM C127, as these affect solid volume and workability. Additionally, loose and compacted unit
weights, important for mix design, were also determined according to ASTM C127.

2.3 Properties of Fine Aggregates

Fine aggregate consists of particles passing through a 4.75 mm (No. 4) sieve. This study used a 50:50 mix of Sylhet
and local sand, which was clean and well-graded, with a fineness modulus (FM) of 2.12. Table 3 represents the
physical properties of sand. Gradation was determined by sieve analysis (ASTM C136), Unit weights (loose and
compacted) were measured for mix design purposes. Water absorption and specific gravity were tested as per
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ASTM C128. These properties are critical for accurate mix proportions and improving concrete performance.

Table 3. Properties of fine aggregate

Components of fine aggregate Value
Maximum size (mm) 4.75
Minimum size (mm) 0.75

Fineness modulus 2.12
Specific gravity 2.45
Water absorption(%) 3

2.4 Properties of Cement

Portland Composite Cement was used as the binding material in this study. Its physical properties are listed in
Table 4. Consistency and setting times were tested using Vicat’s apparatus according to ASTM C187 and C191.
Since neat cement paste is difficult to mold and test reliably, compressive strength is typically evaluated using
cement mortar.

Table 4. Properties of Cement

Properties of cement Value

Normal Consistency (%) 27

Initial setting Time (min) 90

Final Setting Time (min) 210
Compressive strength at 28 days (MPa) 22.96

2.5 Water
Clean potable water was used per ACI code, with aggregates pre-soaked and wiped to avoid impurities.

3 Curing of Concrete and Testing Specimens

To prepare concrete test cylinders, materials were proportioned by volume using a water—cement (w/c) ratio of
0.50. Fine aggregates were used in field condition and coarse aggregates in saturated surface dry (SSD) condition.
The aggregates were soaked and drained to maintain water quality in the mix. Mixing was carried out using a
power-driven rotating drum mixer. Initially, coarse aggregates and part of the mixing water were added; then, fine
aggregates, cement, and remaining water were introduced while the mixer was in operation. The materials were
mixed for 3 minutes, rested for 3 minutes, and then remixed for 2 minutes to ensure uniform distribution and
coating of particles.

Slump testing was conducted to assess the workability of fresh concrete. The concrete was then placed into molds
in three layers, each compacted with 25 tamping rod strokes. For all specimens, molds were cleaned, dampened,
and set on level surfaces before casting. After filling and leveling, the molds were left for 24 hours before
demolding. The specimens were labeled and transferred to water curing tanks maintained at 23°C for 28 days to
ensure proper hydration and strength development.

After curing, specimens were dried and prepared for testing. Compressive strength was measured according to
ASTM C39 using 4"x8" cylinders, with dimensions taken at three points to calculate the average. Cylinders were
tested using a 3000 kN capacity machine, ensuring axial alignment for accurate load application. Splitting tensile
strength was evaluated per ASTM C496 by applying a diametral compressive load with steel strips, and tensile
strength was calculated using standard equations. The modulus of elasticity was measured following ASTM C469
by installing compressometers and recording stress—strain responses up to 40% of the ultimate strength. Three
specimens were tested for each mix ratio (1:2:4, 1:1.5:3, and 1:1:2), and the average results were recorded for
compressive strength, splitting tensile strength, and modulus of elasticity.

4 Test Results and Discussion
4.1 Effect of Crushing Methods on Compressive Strength
This study found that Concrete made with machine-crushed aggregates show higher compressive strength than that

with manually-crushed aggregates. Although both brick types had similar gradation, significant differences in
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specific gravity and absorption capacity were observed. Therefore, Picket bricks had higher specific gravity, lower
absorption, and a rougher surface texture, resulting in stronger bonding with cement paste and higher
compressive strength. Conversely, lower specific gravity in first-class bricks increased voids, reducing strength.
Moreover, richer mix ratio consistently produced concrete with higher compressive strength, confirming that mix
ratio has a significant effect on concrete performance. In the following Figure 1, comparative study of
compressive strength of PB aggregate concrete vs FCB aggregate concrete in machine-crushed and manually-
crushed method has been illustrate.
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Figure 1. Variation of compressive strength with variations of aggregate crushing process for (a) first - class
brick (FCB) aggregate concrete, and (b) picket brick (PB) aggregate concrete.

4.2 Effect of Crushing Methods on Splitting Tensile Strength

Concrete's tensile strength is influenced by pore space, microcracks, and the bond between cement paste and
aggregates. Since tensile strength is approximately proportional to the square root of compressive strength, the
finer gradation of machine-crushed aggregates made with picket bricks leads to improved tensile performance
compared to manually crushed aggregates with higher mix ratio. As illustrated in Figure 2, this trend holds across
various mix ratios for both first-class and picket bricks.
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Figure 2. Variation of tensile strength with variations of aggregate crushing process for (a) first - class brick
(FCB) aggregate concrete, and (b) picket brick (PB) aggregate concrete.

4.3 Effect of Crushing Methods on Modulus of Elasticity

The modulus of elasticity depends on both the compressive strength (f'c) of the concrete and the strain it undergoes.
Concrete with higher f'c and lower strain shows greater elasticity. Although aggregates from picket bricks had
higher specific gravity, lower absorption, and rougher surfaces, machine-crushed aggregates had a lower fineness
modulus (FM), providing better bonding and strength. Therefore, machine-crushed concrete achieved higher
compressive strength and modulus of elasticity with increasing mix ratios, as shown in Figure 3.

In summary, for the same type of bricks, machine-crushed aggregates enhance strength due to better gradation with
higher mix ratios. Additionally, picket bricks provide higher strength than first-class bricks because of their lower
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water absorption, rougher surface texture, and higher specific gravity.
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Figure 3. Variation of modulus of elasticity with variations of aggregate crushing process for (a) first - class

brick (FCB) aggregate concrete, and (b) picket brick (PB) aggregate concrete.

The strength was slightly higher for machine-crushed aggregates because, although the crushing system produced
more uniform and angular particles that improved bonding, the overall material properties of both aggregate types
were similar. As a result, the benefit from better particle shape and gradation was limited, leading to only a small
increase in strength.

5 Conclusion

The outcomes of this research lead to the following conclusions:

Vi.

Vii.

The richer is the mixing ratio, the higher is the compressive strength, splitting tensile strength, and modulus
of elasticity of brick aggregate concrete.

For first-class brick aggregate (FCB), the compressive strength of machine crushed brick aggregate
concrete is 0.68% ,4.59%, and 7.24% higher than those of manual-crushed brick aggregate concrete for
mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 respectively. Similarly for picket-brick (PB), this is 4.06%, 10.75%,
and 7.01% higher than those of manually crushed brick aggregate concrete for mix ratio 1:2:4, 1:1.5:3, and
1:1:2 respectively.

In machine-crushing method, the compressive strength of PB aggregate concrete is 13.53% ,27.24%, and
28.64% higher than those of FCB aggregate concrete for mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 respectively.
Similarly, in manual-crushing method, this is 10.48%, 22.22%, and 28.82% higher than those of FCB
aggregate concrete for mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 respectively.

For first-class brick aggregate (FCB), the splitting tensile strength of machine-crushed brick aggregate
concrete is 11.40% ,19.75%, and 29.47% higher than those of manually crushed brick aggregate concrete
for mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 ratios respectively. Similarly for picket-brick (PB), this is 19.44%,
9.71%, and 5.26% higher than those of manual-crushed brick aggregate concrete for 1:2:4, 1:1.5:3, and
1:1:2 respectively.

In machine-crushing method, the splitting tensile strength of PB aggregate concrete is 20.83%, 7.43%, and
16.67% higher than those of FCB aggregate concrete for mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 respectively.
Similarly, in manually-crushing method, this is 12.93%, 17.72%, and 37.96% higher than those of FCB
aggregate concrete for mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 respectively.

For first-class brick aggregate (FCB), the modulus of elasticity of machine-crushed brick aggregate
concrete is 17.55% ,12.43%, and 17.51% higher than those of manually crushed brick aggregate concrete
for mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 respectively. Similarly for picket-brick (PB), this is 11.84%,
0.25%, and 2.61% higher than those of manually crushed brick aggregate concrete for mix ratio of 1:2:4,
1:1.5:3, and 1:1:2 respectively

In machine-crushing method, the modulus of elasticity of PB aggregate concrete is 4.35%, 15.27%, and
11.51% higher than those of FCB aggregate concrete for mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 respectively.
Similarly, in manual-crushing method, this is this is 10.56%, 25.63%, and 25.05% higher than those of
FCB aggregate concrete for mix ratio of 1:2:4, 1:1.5:3, and 1:1:2 respectively.
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