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Abstract:

The increasing environmental footprint of Fired Clay Brick (FCB) manufacturing has led to interest in
Compressed Stabilized Earth Blocks (CSEB) as an eco-friendly option. CSEB manufacturing, however, is
restricted by scalability due to the requirement of clay-rich subsoil. In this review, the efficacy of using waste-
based stabilizers in improving the mechanical and durability properties of CSEBs is assessed. 27 peer-reviewed
papers (2000-2025) concerning four leading groups of waste i.e., agricultural waste, industrial waste,
Construction and demolition (C&D) waste, and plant-based natural fibers and binders, were examined.
Compressive strength, flexural strength, and water absorption were utilized to analyze the performance.
Industrial waste provides maximum mechanical strength, while C&D waste provides strength and durability in a
comparative way. Natural fibers show great flexural capacity, though water resistance is mediocre. A
performance map based on radar identifies Recycled Aggregates using 8% cement and silica fume—glass powder
combinations as the optimum stabilizers. The study concludes that the selection of material can consider soil
compatibility and local waste availability. The research works for the benefit of sustainable construction by
promoting the circular use of waste and optimizing efficient stabilizer selection for the production of CSEBs.
Keywords- CSEB; Waste-based Stabilizer; Recycled Additives.

1 Introduction:

The existing global Fired Clay Brick (FCB) consumption is estimated at 2.18 Gt per year, which equals about
500 million tons of CO»e (1% of existing global emissions) and can rise to 3.5—5% by 2050 (Olsson et al., 2025).
Compressed Stabilized Earth Block (CSEB) has been recognized as a green alternative to FCB. CSEB
production relies on the clay-rich subsoil from deeper strata, limiting the large-scale production. In order to
overcome this drawback and to enhance the mechanical strength and toughness of the blocks, the addition of a
considerable amount of recycled stabilizing agents has been evaluated.

Previous literature reviews of CSEBs have been towards the direction of sustainability and not towards the
direction of waste-based stabilizers as a waste management approach. For example, (Sinha & Sudarsan, 2025)
gave a general overview of earth blocks in the circular economy but never touched upon comparative
performance in various categories of waste. Likewise, the meta-analytical review of Pawar et al. (2023) rested on
statistical trends and not strength-based comparison across multiple waste types (Pawar et al. 2023). Another
review by Yadu and Mehta (2022) delivered durability and mechanical information but was limited to industrial
wastes (Sinha & Sudarsan, 2025). Furthermore, the bibliometric study of Hossain et al. (2024) was not intended
for idle resources or soil compatibility.

In order to fill these knowledge gaps, our review considers 27 peer-reviewed articles (2000-2025) across four
waste categories, including industrial, agricultural, Construction and Demolition waste (C&D), and plant-based
binders. This review provides a comprehensive study of the effectiveness of different types of waste in the
context of strength, durability, and soil compatibility for CSEB preparation. We offer this as a waste
management strategy promoting circularity through local waste reuse. Notably, C&D wastes and plant-based
binders are under-researched and require additional research. Our pioneering contribution is to offer a
comparative, waste-centric synthesis guided by strength, absorption, and sustainability information to guide
localized stabilizer selection for eco-efficient CSEB manufacturing.

2 Methodology:

The application of waste-based stabilizers for the production of CSEB with focus on their durability and
mechanical performance is discussed in this article. The existing literature was pursued by systematic searches
across the key bibliometric databases, ResearchGate, Scopus, Google Scholar, Web of Science. 27 peer-reviewed
papers between the years 2000 and 2025 were shortlisted based on their relevance to waste-derived stabilizers
such as industrial waste, agricultural by-products, construction and demolition (C&D) waste, and vegetable
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binders. Research and review papers were both selected to gain broad results. The shortlisted papers were
screened to gather compressive strength, flexural strength, and water absorption performance data. For the study,
optimum composition was considered for comparison and graph production. The reviewed waste materials with
optimum mixture ratio were mentioned along the X-axis of Figure 1, Figure 2, and Figure. Specific emphasis
was placed on research that accounted for soil type compatibility as well as this study summarizes existing
findings to support circular construction practice. The following abbreviations: GP (Glass Powder), SF (Silica
Fume), RCP (Recycled Cement Powder), RCW (Recycled Concrete Waste), DBM (Demolished Brick Masonry),
RA (Recycled Aggregates), FA (Fly Ash), OPC (Ordinary Portland Cement), PP (Polypropylene), CDW
(Construction & Demolition Wastes), WFS (Waste Foundry Sand), SCBA (Sugarcane Bagasse Ash), RHB (Rice
Husk Biochar), PET (Polyethylene Terephthalate), and BF (Buffelgrass Fiber) are used throughout this study for
graph plotting and discussion.

3 Results:

3.1 Compressive Strength:
Compressive Strength (MPa) Vs Recycled Materials Graph
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Figure 1: Compressive Strength (MPa) Vs Recycled Materials Graph

In Figure 1, the compressive strength for various waste materials is presented, where the corresponding
unconfined compressive strength of untreated soil is mentioned in the bracket to the left side of the graph. The
highest compressive strength of 10.43 MPa was observed in OPC blended with Recycled Cement Powder (RCP)
(Real et al., 2024) in Figure 1, which showed strong cementitious bonding. Construction and demolition (C&D)
waste also showed good performance with RCW (soil: RCW = 1:1) showing 8.07 MPa (Mubhsen et al., 2024) and
DBM with 60% RCW + 40% DBM showing 7.88 MPa (Muhsen et al., 2024) because of particle interlock and
content of cement residue. Agricultural waste, such as rice husk ash (RHA) and groundnut shell ash (GSA), was
of moderate compressive strength with 4-6 MPa (A. et al., 2024; Danso, 2017; Ganie et al., 2024; Ouédraogo et
al., 2025; Riza, n.d.; Yatawara & Athukorala, 2021). Coconut and hemp fibers, which are natural materials, were
of lower compressive strength with 2-4 MPa (Anik et al., 2024; Cervilla-Maldonado et al., 2024; Ouédraogo et
al., 2025; Pederson et al., 2024; “Strength-Ductility Behavior of Earthen Block Reinforced with Vetiver Shoot,”
2023), indicating the reverse applicability of recycled materials for construction purposes. Previous studies have
demonstrated that using 9% cement along with 20-60% coarse sand and 50-60% fine sand by weight can yield a
compressive strength of 6.09 MPa. In contrast, this review suggests that a compressive strength of 10.68 MPa
can be achieved even with only 8% cement, representing an improvement of nearly 60% compared to a previous
sample containing a similar cement proportion (6.68 MPa). These findings indicate that the incorporation of
industrial waste materials can effectively replace a portion of the cement in the preparation of CSEBs, with the
extent of replacement depending on both the soil characteristics and the nature of the waste materials used
(Aninda et al. 2023).

3.2 Flexural Strength: From Figure 2 we can gather, the maximum flexural strength of 2.91 MPa was achieved
with 1% coconut fibres (Fig-2) because of fibre bridging and crack arresting tendencies on loading(Ouédraogo et
al., 2025). Excellent performance was also exhibited by 8% sugarcane molasses at 2.57 MPa because of
enhanced binding and viscous cohesion (Ouédraogo et al., 2025). Among all the C&D waste-based stabilizers,
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RA with 8% cement obtained 1.80 MPa, likely due to increased aggregate interlock and cementitious
reaction(Bogas, n.d.). The combination of 20% rice husk ash and 35% waste foundry sand reached 1.47 MPa,
which shows promising pozzolanic activity synergy as well as fine particle packing(Riza, n.d.). The conventional
RA (8%) stabilizer was acceptable at 1.19 MPa, while industrial admixtures, such as Polyethylene Terephthalate
and glass powder—silica fume, were below 1.1 MPa. Plant fibres are generally superior to industrial wastes in
flexural capacity, reflecting their ductility and resistance to cracking in CSEB application.

Flexural Strength(MPa) Vs Recycled Materials Graph
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Figure 2: Flexural Strength (MPa) Vs Recycled Materials Graph

4 Durability Performance Evaluation: Water Absorption

Water Absorption (%) Vs Recycled Materials Graph
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Figure 3: Water Absorption (%) Vs Recycled Materials Graph

Water absorption-based durability testing indicates that Recycled Concrete Powder (RCP) recorded minimum
absorption (3.14%) (Real et al., 2024) because of its dense microstructure and lower surface porosity (Figure 3).
10% GP + 5% SF and RHB (14.5%) blends closely followed with 7.8% and 6.28% (A. et al., 2024),
respectively, because of their cementitious properties and better pore structure. Among the C & D wastes, 37%
CDW+10% Lime and (Soil: RCW = 1:1) was good with 8% (Reyna-Ruiz et al., 2024) and 8.89% (Muhsen et al.,
2024), respectively, because of its carbon-rich porous matrix that contains less free water. These results confirm
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that cement-dominant or hydrophobic additives lower water absorption, contributing to long-term resistance
against degradation for CSEBs.

5 Discussion:

To enrich the comparative study, a radar chart (Fig-4) was plotted using only those studies that had provided all
three parameters such as compressive strength, flexural strength, and water absorption—of the same mix design.
Among the combinations tried, RA (8% cement) showed good compressive and flexural strength with minimum
water absorption capacity and is therefore one of the most balanced stabilizers(Bogas, n.d.). The mixture with
10% glass powder and 5% silica fume also showed comparable strength and better durability (Sorout et al.,
2023). The ternary RHA-WFS combination, however, showed competitive strength with moderate resistance to
water because of pozzolanic and filling effects(Riza, n.d.). Areca Nut Fiber (0.85%) performed better in flexural
strength by fiber bridging and crack resistance, although its water absorption rate was greater compared to
cement-based mixes(Anik et al., 2024). This performance mapping highlights the need to evaluate stabilizers on
more than single-point strength or durability criteria, but by using combined performance measurements. It
reaffirms that natural fibers, industrial residues, and hybrid blends present various trade-offs, and prudent choice
is necessary based on structural and environmental demands. From Figures 1, 2, and 3, it is evident that all the
evaluated waste-based mixtures satisfy the strength requirements prescribed by the New Mexico and New
Zealand standards while several compositions achieved or exceeded the Indian Standard values. Considering the
climatic similarity, these compositions are recommended for further research and potential large-scale industrial
application.

Performance Mapping of CSEB Stabilizers Based on Strength and Durability Metrics
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Figure 4: Radar chart showing normalized strength and durability performance of selected CSEB stabilizers.

For studying correlation between the critical performance parameters, Pearson correlation heatmap was graphed.
These values are as depicted in Table 1. Although Pearson correlation coefficient between flexural strength and
compressive strength is very low (r = 0.21), a proportional relationship does seem to exist in general. These
samples with greater compressive strength also possess greater flexural strength, and hence the correspondence is
nonlinear but very convenient from an engineering viewpoint. Pearson correlation analysis indicates that linear
correlation between compressive strength and flexural strength is very poor (r = 0.21) but there seems to be a
trend for proportionality, greater compressive strength is associated with greater flexural strength.

Table 1. Correlation Coefficients Extracted from Pearson Heatmap Analysis of CSEB Performance Parameters
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Compressive Strength | Flexural Strength | Water Absorption
Compressive Strength 1 0.21 -0.14
Flexural Strength 0.21 1 0.65
Water Absorption -0.14 0.65 1

On the other hand, compressive strength and water absorption demonstrate poor negative correlation (r = —0.14),
suggesting that more water absorption could be linked to lower compressive strength to some degree. Much to
everyone's surprise, water absorption is moderately positively correlated (r = 0.65) with flexural strength,
indicating that some stabilizer mixes that provide better flexural strength could also produce higher moisture
sorption.

6 Limitations and Future Scope:

Although significant progress is noticed in utilizing waste-based materials in CSEB production, existing
literature lacks the comprehensive evaluation of performance under adverse weather conditions, such as exposure
to sulphate attack and wetting-drying cycle. Moreover, further optimization of the mix ratios can ensure
reduction as well as complete replacement of cement in CSEB production, while large-scale life cycle
assessments are necessary to promote industrial adoption. Overall, continued research is essential to advance this
sustainable construction technology.

7 Conclusions:

The comparative analysis of four major types of wastes, industrial waste, C&D waste, agricultural waste and
natural fiber, demonstrates that industrial waste-based stabilizers generally yield superior compressive strength
and reduced water absorption due to their cementitious and hydrophobic properties. On the other hand, natural
fiber stabilized blocks achieved higher flexural strength due to improved ductility and crack bridging. A
combined performance evaluation reveals that recycled aggregate with 8% cement (from C&D waste) and
selected agricultural or natural fibers can deliver significant improvements in terms of durability and strength.
The review concludes that agricultural wastes and natural fibers stand out as the most viable stabilizers for CSEB
production in Bangladesh, considering their wide availability and performance to meet regional standards for
strength, flexure, and durability under local climatic conditions. The use of waste-based materials can
significantly reduce clay subsoil consumption, as dredged sand and silty soil offer viable alternatives for
producing CSEBs while meeting regional strength and durability standards. Incorporating such materials also
enhances sustainability by reusing waste and reducing cement usage, promoting eco-friendly and locally sourced
construction practices.
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