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Abstract

In territories like Bangladesh, large amounts of demolition and construction waste, such as broken tiles and old
concrete materials, are typically dumped without being recycled. Besides, natural materials such as cement and
coarse aggregates are increasingly becoming rare and costly. This paper presents a sustainable alternative by using
waste tile powder (WTP) and recycled aggregates (RA) in concrete as partial replacements for cement and natural
stone materials. This approach helps reduce environmental damage, supports better waste management, and lowers
construction costs. The aim is to produce green and effective concrete with materials that are easily available but
usually overlooked. To try this alternative, cement can be substituted with WTP by 5%, 10%, and 15%, and
coarse aggregate can be substituted with RA by 10%, 20%, and 30%. A reference mix proportion of 1:1.5:3
(cement: sand: aggregates) with a constant water-cement ratio of
0.45 may be used to achieve consistency between mixes. Admixtures can be used to increase workability.
The concrete can be controlled about the behavior associated with factors like compressive strength, split tensile
strength, water absorption, shrinkage behavior, and thermal resistance. These evaluations can be carried out on
concrete cylinders cured over different time periods in controlled environments. Such combinations are expected
to offer a balanced performance in terms of strength, durability, and cost-efficiency. This approach promotes the
circular economy by reusing local waste and offers a simple, scalable, and environmentally responsible solution
for sustainable infrastructure, especially important in developing contexts like Bangladesh.
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1 Introduction

The global construction industry is under significant pressure to adopt sustainable practices. As the world's most
consumed man-made material, concrete production demands vast quantities of natural resources and energy, while
its primary binder, Portland cement, accounts for 5-8% of global CO2 emissions(Ahmad et al., 2023; Al-Fakih et
al., 2023). This environmental footprint necessitates a shift towards eco-friendly solutions aligned with a circular
economy(Gasik-Kowalska & Koper, 2025).

A primary challenge is the dual crisis of escalating waste and diminishing virgin resources (Saba et al., n.d.; Tawfik
et al., 2024a). Construction and Demolition (C&D) waste, rich in discarded concrete and ceramics, is a major
global waste stream often landfilled, which occupies valuable space and poses environmental risks(Afrin Priya et
al., 2024; Al-Fakih et al., 2023; Roig-Flores et al., 2023). This problem is particularly acute in developing nations
like Bangladesh, where rapid urbanization generates large volumes of C&D waste that is typically dumped without
recycling, even as essential construction materials become scarcer and more expensive(Roig-Flores et al., 2023).
This situation highlights the need to transition from a linear 'take-make-dispose’ model to a circular one, valorizing
waste as a resource to solve disposal issues and conserve natural ecosystems (Gasik-Kowalska & Koper, 2025;
Hashim et al., 2025).

In response, research has focused on C&D waste as an alternative concrete constituent (Paul et al., 2023). Recycled
Aggregates (RA), produced from crushed old concrete, offer a direct solution to conserve natural aggregate
deposits (Afrin Priya et al., 2024; Ahmad et al., 2023; Hashim et al., 2025; Islam et al., 2025). However, the
adhered mortar on RA surfaces can increase water absorption and weaken the interfacial transition zone (ITZ),
potentially compromising the concrete's performance(Ahmad et al., 2023; Basak et al., 2024). Another significant
area of investigation involves the utilization of waste ceramic materials, a major component of C&D waste due to
the widespread use of tiles, bricks, and sanitary ware (Saba et al., n.d.; Tawfik et al., 2024a). Concurrently, Waste
Tile Powder (WTP), derived from grinding waste ceramics, has emerged as a viable supplementary cementitious
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material (SCM) *(Elemam et al., 2023; Zghair et al., 2024). Its pozzolanic nature, attributed to high amorphous
silica (Si02) and alumina (Al>Os) content(Alotaibi et al., 2024; Tawfik et al., 2024a), allows it to react with calcium
hydroxide from cement hydration to form additional strength-giving C-S-H gel (Ahmad et al., 2023; Al-Fakih et
al., 2023; Zghair et al., 2024). This secondary reaction densifies the concrete's microstructure, enhancing long-
term strength and reducing permeability (Ahmad et al., 2023; Elemam et al., 2023; Roig-Flores et al., 2023; Zghair
etal., 2024).

The combined use of WTP as an SCM and RA as a coarse aggregate substitute presents a holistic approach to
waste utilization. The pozzolanic activity of WTP could potentially mitigate the weaknesses of RA by improving
the I1TZ and refining the pore structure of the cement paste (Ahmad et al., 2023). This is especially relevant for
producing cost-effective, sustainable concrete in regions like Bangladesh, where both waste streams are abundant.

Therefore, the objective of this study is to investigate the performance of sustainable concrete developed by
partially replacing cement with WTP (5%, 10%, and 15%). This research will provide a comprehensive evaluation
of key mechanical and durability properties, including compressive strength, split tensile strength, and flexural
strength. By systematically assessing these combinations, this paper aims to identify an optimal mix that promotes
the circular economy and offers a scalable, environmentally beneficial solution for infrastructure development.

2 Literature Review
2.1 Recycling Construction and Demolition (C&D) Waste

With the increasing global construction activities, C&D waste is becoming an immense area of concern. A
considerable proportion of Construction and Demolition (C&D) waste is concrete, ceramics, and tiles cement. In
many countries, construction and demolition waste is still landfilled, which not only wastes land, but also poses a
threat to the environment((PDF) Entwicklung Der Gesundheitskompetenz in Einrichtungen Der
Gesundheitsversorgung (EwiKo): Darstellung Des Studiendesigns Und Erstellung Der Erhebungsinstrumente Fir
Die Pflege, Das Krankenhaus Und Die Eingliederungshilfe (ID 318), n.d.).Valuable materials are left to rot whilst
C&D waste holds great possibilities of being recycled into Recycled Aggregate (RA), which is a greener alternative
to natural aggregates.

2.2 Improvements of WTP and RA on the Interfacial Transition Zone (1TZ)

The interfacial transition zone (ITZ) has a significant impact on the performance of concrete. The region of ITZ is
normally the weakest cement paste and aggregate interface, which develops during the concrete setting. The
introduction of recycled aggregates (RA) within concrete and their associated weaknesses, along with the cement
adhered mortar 1TZ, creates greater interfacial weakness, which weakens the concrete’s structural integrity.
Incorporation of WTP has shown improvement in this zone. The pozzolanic reaction of WTP improves the bond
between RA and cement paste, which makes concrete more durable and stronger(Popa & Strer, 2016).

2.3 Influence of WTP and RA on Concrete Mechanical Properties

The effect of waste materials on concrete’s mechanical properties has been studied extensively. According to the
findings of Aslam et al. (2020), increasing the WTP proportion may reduce the compressive strength of concrete;
however, the benefits in terms of reduced cement use and recycling outweigh the disadvantages, especially at
moderate WTP levels (5%-10%). Other research also indicates that RA, when produced under proper conditions,
functions as a substitute for natural aggregates(Chang, 2020).

3 Materials and Methods

3.1 Materials

This study utilizes locally sourced materials from Bangladesh. The binder is Ordinary Portland Cement (OPC),
which conforms to ASTM C150 standards(Elemam et al., 2023). The physical properties of all aggregates are
detailed in Table 2. A polycarboxylate-based superplasticizer is used to maintain consistent workability across all
mixtures (Ahmad et al., 2023; Zghair et al., 2024). Potable tap water is used for both mixing and curing of the
specimens (Elemam et al., 2023).
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Table 1. Physical and Chemical Properties of Cement.
Constituents ALO; CaO Loss of Insoluble
SiO: Fe:0s MgO SOs  Ignition Residue
£?LOI) (IR)

Weight (%) 20.6 476 328 6482 184 2.4 173 038

Key physical and chemical properties of the cement are provided in Table 1. Waste Tile Powder (WTP) is
produced from discarded ceramic floor tiles (Hashim et al., 2025; Zghair et al., 2024). The tiles are cleaned,
crushed, and ground into a fine powder, then sieved to ensure all particles pass a 125 pm sieve (Tawfik et
al., 2024b, 2024a). This powder serves as a supplementary cementitious material (Gasik-Kowalska &
Koper, 2025; Islam et al., 2025). The aggregates consist of two types. Recycled Aggregate (RA) is derived
from crushed and sieved hardened concrete waste and is prepared in a Saturated Surface Dry (SSD)
condition to mitigate its higher water absorption (Ahmad et al., 2023; Saba et al., n.d.). Fine Aggregate
(FA) is locally sourced natural river sand (Basak et al., 2024; Hashim et al., 2025).

Table 2. Properties of Aggregates.

Properties Fine Aggregate (Sand) Recycled Aggregate (RA)
Fineness Modulus 2.30 6.95
Specific Gravity (SSD) 2.60 2.48
Water Absorption (%0) 1.25 450
Bulk Density (kg/m3) 1638 1420

The physical properties of all aggregates are detailed in Table 2. A polycarboxylate-based superplasticizer is used
to maintain consistent workability across all mixtures (Ahmad et al., 2023; Zghair et al., 2024). Potable tap water
is used for both mixing and curing of the specimens (Elemam et al., 2023).

3.2 Mixture Design

The experimental program includes concrete mixtures designed with a constant water-to-binder (w/b) ratio of
0.45(Hashim et al., 2025). The control mixture (CM) follows a standard weight ratio of 1:1.5:3 (Cement: Fine
Aggregate: Coarse Aggregate) (Hashim et al., 2025). The subsequent mixtures feature partial replacement of
cement with WTP (5%, 10%, and 15%) (Ahmad et al., 2023; Islam et al., 2025)as detailed in Table 3. Mixing
follows ASTM C192 standards to ensure uniformity.

Materials are mixed progressively; aggregates and binders mix first, followed by the gradual addition of water and
superplasticizer(Ahmad et al., 2023). Cylindrical specimens (100 mm x 200 mm) are cast and compacted (Hashim
etal., 2025), (Elemam et al., 2023). The specimens cure for 24 hours at ambient temperature before being demolded
and immersed in water until the testing dates (Saba et al., n.d.)(Paul et al., 2023).

Table 3. Concrete Mix Proportions (kg/m3)

Waste Sand (Fine  Recycled Water-

Batch Name Tile Cement  Tile Powder Aggregate)  Aggregate Cement
F;O(‘gv/gf Mass (kg) ~ Mass (ko) (kg?) (Coarseg (kg) Ratio
R-0 0 0.675 0.000 1.013 2.025 0.45
R-5 5 0.641 0.034 1.013 2.025 0.45
R-10 10 0.608 0.067 1.013 2.025 0.45
R-15 15 0.574 0.101 1.013 2.025 0.45
R-20 20 0.540 0.135 1.013 2.025 0.45

3.3 Research Methodology Flowchart

The process follows a step-by-step approach to incorporate waste tile powder and recycled aggregates in concrete.
The waste products are collected, processed, and characterized to determine their potential to be utilized in the
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manufacturing of concrete. Experimental variables such as the proportion of waste tile powder are decided, and
mix designs are thus established. Specimens are developed through casting and curing and their mechanical
properties and durability are tested. Mostly, the procedures are appropriate, well-structured, and sufficiently clear
to replicate the experiments. The overall methodology of this research, from material sourcing to performance
evaluation, is summarized in the flowchart below (Figure 1).

Collecting Waste .
1 i
Manufacturing (Casting & Curing)
Processing of
Wastes
—
Characterization Experimental Fresh Concrete Hardened
of Materials Variables (WTP) Test Concrete Test

(Slump Test) (Strength, Durability)

Figure 1. The flowchart of the research methodology.

3.4 Test Procedure

The slump test, following ASTM C143, is performed to assess the workability of fresh concrete (Hashim et al.,
2025)(Elemam et al., 2023). The mechanical properties are evaluated using hardened specimens.
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Figure 2. Slump Test

The slump value was noted to be higher with greater WTP content due to the smoother surface and finer size of
tile powder, which improves workability by reducing internal friction. However, at higher replacement ratios, this
influence might be leveled off. Compressive strength is tested at 7 and 28 days according to ASTM C39 (Saba et
al., n.d.)(Basak et al., 2024; Paul et al., 2023). Splitting tensile strength is determined at 28 days as per ASTM
C496 (Hashim et al., 2025)(Basak et al., 2024). Flexural strength is determined at 28 days on prism specimens
according to ASTM C78 (Tawfik et al., 2024b)(Islam et al., 2025). The average of three samples is recorded for
each test (Afrin Priya et al., 2024; Saba et al., n.d.).
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Figure 3 illustrates the effect of waste tile powder (WTP) on compressive, splitting tensile and flexural strength at
different curing ages. The control mix (0% WTP) achieved the highest strength across all tests, with compressive
strengths of 19.4 MPa, 29.5 MPa, and 31.4 MPa at 7, 28, and 56 days, respectively. Increasing WTP content led
to a gradual decline in strength; at 20% replacement, compressive strength dropped to 14.7 MPa, 23.8 MPa and
25.7 MPa for the same curing periods. Similar decreasing trends were observed in splitting tensile strength, where
values fell from 2.43 MPa (control, 7 days) to 1.73 MPa at 20% WTP. Flexural strength exhibited less sensitivity,
with a peak of 4.31 MPa at 5% WTP (56 days), indicating a potential optimum at low replacement levels.

5 Conclusion

The investigation reveals that the mechanical properties of concrete namely compressive, splitting tensile and
flexural strengths generally decrease with increasing percentages of waste tile powder (WTP). This decline is
primarily due to WTP’s lower pozzolanic reactivity compared to cement, which limits hydration and reduces binding
efficiency within the matrix. Additionally, WTP contributes less to the formation of calcium silicate hydrate (C-S-
H) gel, a key factor in strength development. Up to 10% replacement, compressive and splitting tensile strengths at
28 days dropped by approximately 6% and 7% respectively, though the concrete still achieved the minimum required
strength for structural applications. Flexural strength was less impacted, with 5% WTP even showing slightly
improved results at 56 days of curing. Although strength slightly decreases with higher WTP content, its utilization
contributes to environmental sustainability by reducing cement consumption, cutting CO- emissions, and minimizing
ceramic waste disposal. At moderate levels (5-10%), the mechanical performance remains acceptable while
providing significant ecological and cost benefits. From a sustainability perspective, incorporating WTP in concrete
offers environmental and economic advantages for Bangladesh by reducing cement usage and repurposing ceramic
waste. This aligns with the country’s green construction goals and carbon reduction efforts. Further studies using
chemical admixtures and microstructural analysis (e.g., SEM, XRD) are recommended to enhance WTP’s reactivity
and optimize its performance in eco-friendly construction.
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