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Abstract

The use of recycled materials in construction is gaining attention as the industry seeks more sustainable building
practices. Among these, replacing natural aggregates with recycled bricks offers environmental benefits and
material reuse. This study investigates the use of 40-year-old recycled brick aggregates as partial replacements
(0-50%) for natural aggregates in the production of concrete tiles. The goal is to assess how this affects key
properties like compressive strength, modulus of rupture, and water absorption. Here, we show that increasing the
proportion of recycled brick aggregates leads to a steady decrease in both compressive strength and modulus of
rupture, while water absorption increases. These results differ from earlier studies using newer recycled materials,
which showed less strength loss. The aged bricks used in this study contributed to more noticeable reductions in
performance, likely due to their higher porosity and surface degradation. This suggests that while limited
replacement (up to 10%) may be feasible in non-load-bearing applications, higher amounts are unsuitable for
structural use. Our findings contribute to a better understanding of recycled materials in concrete and support
thoughtful integration of aged bricks in sustainable construction.
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1 Introduction

The construction industry uses many natural resources and creates a large amount of waste, which harms the
environment. Globally, about 3 billion tons of construction and demolition waste, mostly concrete, asphalt, wood,
and bricks, are produced annually (Rihan Maaze & Shrivastava, 2023; Wang et al., 2021). Concrete and brick
materials account for a major portion of construction waste (Wong et al., 2024). More than 70% of concrete’s
volume consists of aggregates (Zhao et al., 2024), and overusing natural aggregates is harming the environment.
So, reusing brick waste as a replacement in concrete has become an important and urgent research area (Fanijo et
al., 2023; Ghosh & Samanta, 2023). Many studies have tested different recycled materials in concrete tiles to
improve their strength and durability. For example, replacing up to 30% of cement with fly ash can boost tile
strength, with 20% fly ash increasing strength by about 21% after 28 days (Kr. Pati & Kr. Sahu, 2020). Similarly,
Prosopis Juliflora Ash (PJA) has demonstrated potential as an eco-friendly alternative binder by achieving
compressive strengths up to 30 MPa. However, its high alkalinity restricts widespread usage (Raguraman et al.,
2022). Adding nano-papyrus particles and carbon fibers can boost concrete tile flexural strength by 48% and 57%,
respectively. However, using too much reduces these benefits and worsens water absorption, so the right balance
is important (Jawad et al., 2024). Incorporation of polypropylene fibers and rice husk ash (RHA) has also been
found to improve flexural strength and abrasion resistance after 28 days of curing (K. Amudhavalli &
Harihanandh, 2018). Studies show that short chopped glass fibers improve split tensile and flexural strength, but
using more than 0.7% reduces workability and compressive strength. Partial replacement with waste plastics can
increase compressive strength by up to 45%. However, maintaining workability is difficult and sometimes strength
decreases. Similarly, adding PVC fibers slightly lowers compressive strength but improves tensile and flexural
strength, helping maintain structural integrity and durability after cracking (Hussain et al., 2020). Furthermore,
the use of bottom ash from medical waste incineration has proven effective in reducing heavy metal contamination
in concrete tiles. While addition of 10%, 20%, and 30% bottom ash lowered flexural strength below SNI
0096:2007 standards, the 20% mixture showed the most favorable results. All mixtures met water seepage
resistance requirements, indicating potential for sustainable application (Dewi et al., 2025). Additionally, thermal
studies show that light-colored cement tiles, like white and ivory, reflect more sunlight and stay cooler. But darker
tiles, such as grey and red, absorb more heat and are less efficient, even with reflective coatings. This highlights
the need for better pigments (Andrade & Dornelles, 2025). Although recycled materials have improved concrete
tiles, the effect of recycled brick aggregates on their strength and durability needs more study. This research tests
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concrete tiles made with different amounts of 40-year-old recycled bricks, focusing on compressive and flexural
strength. Lab tests will measure strength and water absorption. The results aim to prove that recycled brick
aggregates can help make sustainable, eco-friendly concrete tiles.

2 Experimental programme

2.1 Materials

This study used recycled brick aggregates (RBA), stone chips, cement, fine aggregates, water, and a chemical
admixture. The RBA was collected from a 40-year-old demolished building in Gazipur, Bangladesh, manually
crushed, and sieved through 10 mm. It had a fineness modulus of 6.22, specific gravity of 2.68, and high water
absorption of 20.60% due to its porous nature. Stone chips had a fineness modulus of 6.28, specific gravity (SSD)
of 4.52, water absorption of 2.19%, and compacted unit weight of 1526.49 kg/m3. Ordinary Portland Cement
(CEM 1) from Akij Cement was used, with specific gravity 3.0, and setting times of 160 (initial) and 320 (final)
minutes per ASTM. Fine aggregates were a 3:1 mix of Sylhet sand (FM 3.47) and river sand (FM 1.70), washed
and oven-dried at 105+ 5°C for 24 hours. Clean tap water was used for mixing and curing. A superplasticizer
(abcTileMIX™-SP900) was added at 0.21% of cement weight to enhance workability.

Figure 1. Collection of recycled bricks from a demolished structure

2.2 Preparation of Recycled Brick
The recycled bricks were first broken into small pieces by hand. Then, they were passed through a 10 mm sieve
to get smaller aggregates. After that, the pieces were washed well to remove dust, mortar, and dirt.

2.3 Mixing Method

In total, 54 different concrete mixes were prepared for this study. All mixes followed a volumetric ratio of 1:4:2
for cement, fine aggregate, and coarse aggregate, respectively. The water-to-cement (w/c) ratio was fixed at 0.45
across all mixes. The mixing process began by placing the coarse aggregate, fine aggregate, and a portion of the
mixing water into a pan mixer. These were mixed for 30 seconds to ensure uniform distribution. Next, cement
was added and mixed for another 1-minute. After that, the remaining water and the measured dosage of
superplasticizer were added. This was followed by an additional 1-minute mixing period. Recycled brick
aggregates were used as partial replacements for stone chips in different proportions: 0%, 10%, 20%, 30%, 40%,
and 50%. For each replacement level, separate mixes were made.

2.4 Sample Preparation

Concrete samples were cast in molds with dimensions of 300 mm x 300 mm x 25 mm. The mixing process was
carried out using a pan mixer to ensure uniformity and consistency in the mix. After placing the fresh concrete
into the molds compaction was performed using a table vibrator for 30 seconds. This process helped remove
entrapped air and ensure proper densification. The specimens were demolded after 24 hours and subsequently
cured in water for a period of 28 days. The curing temperature was maintained at 23 + 2°C throughout the curing
period. For each test, three specimens were evaluated, and the average value was reported for analysis.
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Figure 2. Tiles manufacturing process

Figure 3. Tiles after 28 days curing

2.5 Testing of Specimens

After curing, three tests were performed: compressive strength, modulus of rupture, and water absorption. For
each test, the average of three specimens was taken. Compressive and flexural strength tests followed IS 13630-
2006 (Part 6), and their setups and failure modes are shown in Figures 4 and 5. Water absorption was measured
as per 1S 1237:2012.

Figure 5. Modulus of rupture test setup and failed specimen
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3 Results

3.1 Compressive Strength

The compressive strength decreased steadily with increasing mix replacement percentages. At 14 days, the
strength dropped from 43.47 MPa for the control mix (0%) to 35.07 MPa at 50% replacement. A similar trend
was observed at 28 days, where strength reduced from 49.90 MPa to 40.32 MPa. These results are illustrated in
Figure 6, which clearly shows the inverse relationship between replacement percentage and compressive strength
at both curing ages.
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Figure 6. Compressive strenath vs replacement (%)

3.2 Modulus of Rupture

The modulus of rupture (MoR) decreased gradually with increasing mix replacement percentages. The control
mix (0%) showed an average MoR of 5.10 MPa. With 10% replacement, MoR slightly dropped to 5.02 MPa and
further decreased to 4.34 MPa at 50% replacement. This consistent decline indicates that higher replacement
levels reduce the Modulus of Rupture strength of the concrete (Figure 7).
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Figure 7. Modulus of rupture vs replacement (%)
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3.3 Water Absorption Capacity

Water absorption capacity increased progressively with higher mix replacement percentages. The control mix
(0%) showed a water absorption of 2.39%, which rose to 5.51% at 50% replacement. This trend indicates that
increasing replacement levels lead to higher porosity and greater water absorption in the concrete (Figure 8).
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Figure 8. Water absorption capacity vs replacement
4 Conclusion

This study looked at using old crushed brick to partly replace natural stone in concrete tiles. The results showed
strength decreased as more aged brick was added. At both 14 and 28 days, compressive strength dropped when
recycled brick content increased from 0% to 50%. The bending strength also decreased, showing the concrete
became less flexible. Water absorption values increased with higher percentage of aged brick replacement,
meaning the concrete had more pores and may not last as long. Using over 10% recycled brick may not be good
for strong or long-lasting parts. But small amounts can be used in non-structural parts to help the environment.
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