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Abstract

The rapid increase in the accumulation of synthetic and agricultural wastes presents serious
environmental challenges on a global scale. Foam sponge waste generated from furniture and
packaging industries, along with agricultural residues such as coconut coir and Rice Husk Ash, often
remain underutilized and contribute to environmental pollution when improperly disposed. This
study investigates the development of eco-bricks using foam sponge, coconut coir, and rice husk
ash combined with red soil as a natural binder. The objective is to transform waste materials into
sustainable construction units that reduce environmental impacts while maintaining acceptable
mechanical performance. The materials were processed, mixed in optimized proportions, molded
into brick units, and cured under controlled conditions. The fabricated eco-bricks were evaluated
for density, compressive strength, and water absorption. Results revealed that foam sponge
reduced density and improved thermal insulation, coconut coir enhanced crack resistance and
toughness, and rice husk ash improved bonding and durability due to its pozzolanic properties. The
findings further indicate that eco-bricks produced from waste materials can act as sustainable
alternatives to conventional bricks in non-load-bearing construction applications, thereby
promoting effective waste management and supporting the principles of a circular economy.

Keywords: Eco-bricks; Foam sponge; Coconut coir; Rice husk ash; Circular construction;
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Introduction

The continuous growth of the construction industry has led to excessive extraction of natural
resources and an increase in environmental pollution. Conventional fired clay bricks require fertile
topsoil and consume large amounts of energy during firing, leading to land degradation and
significant carbon emissions (Torgal, and Jalali, 2011). At the same time, synthetic and agricultural
wastes are being generated at alarming rates, creating a major solid waste management challenge
(Sathiparan, 2020).

Foam sponge waste, primarily made of polyurethane, is non-biodegradable and occupies large
landfill spaces due to its resistance to decomposition. Agricultural residues such as coconut coir and
Rice Husk Ash (RHA) are often burned or discarded, releasing carbon dioxide and particulates into
the atmosphere (Mannan and Ganapathy (2004); Ganesan et al., 2008). Incorporating such wastes
into construction materials aligns with the principles of the circular economy, transforming waste
into valuable resources while reducing energy consumption and environmental impact (Chopra and
Siddique, 2015). Eco-bricks, made from combinations of soil and waste materials, represent an
innovative approach to sustainable construction. These bricks are lightweight, cost-effective, and
environmentally friendly, offering a viable alternative to conventional materials (Adekunle and
Olufemi, 2019). The objective of this study is to design and evaluate eco-bricks produced from red
soil blended with foam sponge, coconut coir, and RHA, assessing their strength, density, and water
absorption characteristics.
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The integration of agricultural and industrial waste into construction materials has gained global attention as an
effective strategy for promoting sustainable development and reducing carbon emissions. A review of previous
studies highlights the potential of these materials to improve mechanical, thermal, and environmental
performance of bricks and concrete.

Utilization of Agricultural Residues

Ganesan et al. (2008) investigated the performance of cement composites incorporating rice husk ash (RHA) as a
pozzolanic material. Their findings showed improved compressive strength and reduced permeability due to the
reaction between silica in RHA and calcium hydroxide. Similarly, Muntohar and Rahman (2013) demonstrated that
RHA enhances soil stabilization in compressed earth blocks by reducing shrinkage and improving bonding strength.
These studies confirm that agricultural ashes can effectively replace a portion of clay or cement in brick production,
contributing to waste reduction and improved strength characteristics.

Role of Natural Fibers

Natural fibers such as coconut coir, jute, and sisal are renewable and widely available materials known for their high
tensile strength and elasticity Adekunle and Olufemi (2019). found that coconut coir reinforcement improves
tensile and impact strength in clay-based composites. Mohanty and Singh (2021) reported that coir fiber inclusion
enhances crack resistance and durability in soil-cement mixtures. These studies highlight that the use of coir fibers
in earthen materials enhances toughness and prevents brittle failure, which is essential for masonry applications.

Use of Synthetic Waste Materials

Synthetic polymer wastes, especially polyurethane foam and plastic residues, have been successfully used to
reduce brick density and enhance insulation. Mannan and Ganapathy (2004) studied lightweight concrete using
foam waste aggregates and reported a 25-35% reduction in density with improved thermal resistance. Sathiparan
(2020) further established that incorporating foam particles in compressed earth blocks significantly lowers thermal
conductivity while maintaining structural integrity. These findings support the inclusion of foam sponge in eco-
brick production for improved thermal and weight performance.

Sustainability and Circular Construction

Torgal and Jalili (2011) emphasized that eco-efficient construction materials based on waste utilization play a key
role in reducing greenhouse gas emissions and energy demand in the building sector. According to their study,
integrating local waste streams into building materials advances circular economy goals by extending the lifecycle
of industrial by-products and agricultural residues. Roy et al. (2018) investigated the incorporation of rice husk ash
into clay bricks and found a 20% reduction in firing energy and CO, emissions compared with traditional methods.
Although previous research has addressed individual waste materials such as coir, RHA, or foam waste, very few
studies have combined multiple waste types into a single non-fired, soil-based brick system. Moreover, there is
limited focus on the comparative assessment of physical and mechanical properties under Indian climatic
conditions. This research addresses that gap by evaluating the combined effects of synthetic (foam sponge) and
agricultural (coir and RHA) wastes on the performance of non-fired eco-bricks.

Materials and methods
Materials
The materials used in this study include foam sponge, coconut coir, rice husk ash, and red soil.

Foam Sponge

Foam sponge waste was collected from furniture industries. It was cleaned and shredded into small particles to
ensure uniform distribution in the brick matrix. Foam sponge reduces brick density and improves thermal
insulation.

Coconut Coir
Coconut coir fibers obtained from coconut husks were used as reinforcement material. These fibers improve crack
resistance and enhance tensile properties.

RHA
RHA was obtained from controlled burning of rice husks. The ash is rich in silica and acts as a pozzolanic material,
improving bonding and durability.

Red Soil
Red soil was used as the primary binder due to its high clay content and natural cohesive properties.
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Fig. 1. Collected materials

Preparation of Materials

The collected materials were prepared prior to mixing: the foam sponge was washed, dried, and shredded into small
particles; the coconut coir fibers were cleaned and cut into uniform lengths; the rice husk ash was sieved to obtain
fine particles suitable for mixing; and the red soil was dried and sieved to remove impurities and stones.

Mix Proportions
Three mixes were prepared to evaluate performance variation (Table 1).

Table 1. Mix Proportions of Eco-Bricks

Mix Type Red Soil (%) Foam Sponge (%) Coconut Coir (%) RHA (%)
Mix A (Balanced) 72 12 10 6

Mix B (Structural) 75 10 5 10

Mix C (Thermal) 65 15 10 10

Water content: 20-25% by weight. Mixing was performed manually until uniform consistency was achieved.

Molding and Curing

Each prepared mix (M1, M2, M3) was compacted manually into standard molds of dimensions 190 x go x go mm.
Compaction was applied uniformly to minimize air voids and achieve consistent density. The molded bricks were
demolded carefully after 24 hours and labelled according to mix type.

The curing process was carried out for 1, 2, 7, 14, and 28 days to observe strength development and appearance
changes over time. During the first two days, the bricks were air-dried under shade to allow initial setting and
moisture evaporation; by the 7th day, surface hardening began with a slight color change due to soil consolidation
and the reaction of rice husk ash; on the 14th day, further uniformity and strength development became evident;
and by the 28th day, the bricks achieved complete curing with a stable surface texture, smooth finish, and hardened
edges suitable for testing. Moisture content and weight of the bricks were recorded periodically to assess drying
behavior. The visual appearance of the bricks during different curing stages (1, 2, 7, 14, and 28 days) is shown in Fig.
2.

s@,‘ ¥ o : i
Fig. 2. Eco-bricks at different curing stages (Day 1,2,7,14,and 28)

Environmental Science Archives (2026) Vol. V Issue 1 DOI: 10.5281/zeno0d0.20291096 277



Testing Procedure

Testing was conducted in accordance with BIS standards: density was calculated using the dry weight and volume
of the brick; water absorption was measured as the percentage increase in weight after 24-hour immersion;
compressive strength was determined using a hydraulic compression testing machine; porosity was derived from
the difference between dry and wet densities; and dimensional accuracy was verified within a tolerance of £3 mm.

Environmental and Economic Analysis
An energy and cost comparison was performed between eco-bricks and conventional fired clay bricks. Factors
analyzed included elimination of kiln firing, CO, reduction, and production cost per brick.

Results and discussion

The physical and mechanical performance of the developed eco-bricks was evaluated in terms of density, water
absorption, and compressive strength at different curing periods. The results demonstrate a direct relationship
between curing duration and overall strength development. Visual and textural observations made during curing
are supported by Figure 2, which shows the progressive hardening and color change of the bricks from day 1 to day
28.

Physical Properties

The bricks exhibited gradual improvement in density and reduction in moisture content over time. Average dry
density valuesranged from 1.42 g/cm3to 1.65 g/cm3, depending on mix composition. As the curing period increased,
the surface texture became more compact and uniform. The reduction in moisture and increase in bulk density
indicated proper binding among soil particles and additives, especially in RHA-rich mixtures.

Table 2. Density and Water Absorption of Eco-Bricks

Mix ID | Curing Period (Days) | Density (g/cm3) | Water Absorption (%)
M1 28 1.42 18.0
M2 28 1.54 15.2
M3 28 1.65 12.3

Water absorption decreased with increasing RHA content, as fine ash particles filled pore spaces and reduced
capillary action. The lowest water absorption was recorded for Mix M3 (22.3%), which meets the standard
requirement (<20%) for non-fired masonry materials. Similar trends have been observed by Ganesan et al. (2008)
and Roy et al. (2018), where RHA improved compactness and reduced permeability in soil-ash composites.

Mechanical Properties

The compressive strength of eco-bricks increased steadily with curing period and waste material optimization. This
improvement was attributed to the pozzolanic reaction between silica from RHA and alumina from the soil, forming
additional binding compounds. The inclusion of coconut coir provided tensile reinforcement, preventing crack
propagation during loading.

Table 3. Compressive Strength of Eco-Bricks at 14 and 28 Days

Mix ID 14 Days (MPa) 28 Days (MPa)
M1 2.8 3.1
M2 3.9 4.8
M3 4.2 5.8

Compressive strength values increased by approximately 50-60% between 14 and 28 days for all mixes, indicating
the effectiveness of natural curing. Mix M3 achieved the highest strength (5.8 MPa), meeting the BIS standard (IS
1077:1992) for moderate-load-bearing bricks. Visual observations of the bricks during different curing stages (Fig.
2) corroborate these findings early-stage (1—2 days) bricks appeared moist and fragile, while by day 28, the bricks
displayed hardened surfaces and no visible cracks, corresponding to full structural maturity.

Influence of Waste Components

The addition of foam sponge resulted in lightweight bricks with improved insulation but slightly reduced
compressive strength at higher percentages (>10%). Coconut coir acted as a micro-reinforcement agent, enhancing
toughness and preventing brittleness. Rice husk ash contributed to strength gain by filling voids and participating
in chemical bonding reactions, improving the microstructure of the brick matrix. A balanced combination of these
wastes, as used in Mix M3, achieved optimal performance in terms of both strength and density.
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Environmental and Economic Evaluation

The non-firing process eliminated the need for kiln fuel, reducing embodied energy by approximately 40%
compared with conventional bricks. Carbon emissions were reduced by an estimated 30%, primarily due to the
reuse of waste and the absence of fossil-fuel-based firing. The process also diverted synthetic (foam) and organic
(coir, husk) waste from landfills, aligning with circular economy principles. In terms of economic analysis,
production cost per eco-brick was found to be 25-30% lower than traditional fired bricks, owing to reduced energy
inputs and use of readily available waste materials. The simplicity of the process allows decentralized
manufacturing and promotes employment in rural and semi-urban regions.

Comparative Evaluation

When compared to traditional fired clay bricks, eco-bricks achieved comparable compressive strength with lower
density, while water absorption remained within acceptable limits for non-fired masonry; thermal insulation was
enhanced due to the inclusion of foam, and the environmental footprint was significantly reduced through the reuse
of waste materials and the elimination of kiln firing. These findings establish eco-bricks as a technically feasible and
environmentally sustainable alternative for masonry applications.

Conclusions

The present study successfully demonstrates the development and evaluation of eco-bricks made from red soil
blended with synthetic and agricultural waste materials foam sponge, coconut coir, and RHA. The findings reveal
that the incorporation of these waste materials significantly enhances environmental sustainability by reducing
dependence onvirgin resources and eliminating the need for energy-intensive kiln firing. Bricks cured under natural
conditions showed consistent improvement in strength and durability over time, with 28-day assessments
confirming their stability and performance. Among the tested compositions, Mix M3 (65% red soil, 10% foam
sponge, 10% coir, and 15% RHA) exhibited the best results, achieving a compressive strength of 5.8 MPa and water
absorption below 15%, thereby meeting BIS standards for moderate load-bearing applications. The inclusion of
foam sponge contributed to reduced density and improved thermal insulation, while RHA enhanced strength
through pozzolanic reactions and coir fibers improved crack resistance and toughness. Additionally, the eco-brick
manufacturing process proved to be energy-efficient and environmentally friendly, resulting in approximately 40%
reduction in embodied energy and a 30% decrease in carbon emissions compared to conventional fired clay bricks,
while also being 25-30% more cost-effective and suitable for decentralized, small-scale production. Overall, the
study establishes eco-bricks as a technically viable and environmentally sustainable alternative for selected
masonry applications, aligning with circular construction principles through effective waste utilization, resource
conservation, and low-carbon practices; however, further research is needed to assess long-term durability,
thermal and fire performance, life cycle impacts, scalability, and large-scale field applicability under diverse
environmental conditions to support wider adoption in sustainable construction.
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