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Abstract

Compressed Stabilized Earth Blocks (CSEBs) are emerging as sustainable alternatives to conventional building
materials due to their low cost and environmental benefits. Stabilization is typically achieved through mechanical
compaction and the addition of binders like cement. However, the high carbon footprint of cement has shifted
interest to alternative stabilizers such as agro-wastes and natural fiber. Recent studies have shown that the
incorporation of agricultural residues such as rice husk ash, coconut coir fiber, and areca fiber, in combination with
cement, significantly improves the mechanical strength and durability of CSEBs. This study presents a state-of-
the-art review of research on the effectiveness of various agro-waste materials in enhancing the strength and
durability of earthen blocks. The engineering properties of earthen blocks incorporating these agro-wastes are
presented through tables and figures. A positive change was detected in compressive strength by 300—-700%, tensile
strength by 300-500%, and flexural strength by 200—400% on average compared to the control sample. Besides,
durability indicators such as water absorption were reduced by 30—60%, and a great reduction was found in mass
loss during wetting—drying cycles. In addition, Scanning Electron Microscopy (SEM) analysis was reviewed,
which showed a denser microstructure with reduced porosity and particle bonding for fibers like rice husk ash, nut
fiber, and others. Finally, these results were compared against relevant standards for earthen construction to
evaluate their suitability as stabilizers for earthen blocks. In conclusion, the outcomes of this review may guide
material selection and encourage the wider adoption of stabilized earthen blocks in sustainable construction
practices.
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1 Introduction

Earth-based construction materials (EBCMs) have served as building resources since ancient times and continue to be utilized
today, not just in low-income nations but also in middle-income and developed countries (Munoz et al., 2021). Records show
that earth-based materials were first used around 10,000 BCE in Mesopotamia for constructing houses and other types of
buildings (Salih et al., 2020).

Although earthen structures have been used since ancient times, these possess certain drawbacks—like low tensile strength,
brittleness, and weak resistance to moisture—that limit their suitability for modern construction unless properly reinforced or
stabilized (Kumar and Barbato, 2022). Due to their low compressive and tensile strength, limited durability, and high
vulnerability to water damage, these materials are not ideal for long-term structural applications unless enhanced with fibers or
stabilizing agents (Salih et al, 2020).

While cement stabilization improves the mechanical performance of earth blocks by boosting their strength and durability, its
use results in higher energy demands and negative effects on the environment from its manufacturing process. Cement
production is a major contributor to global CO: emissions, and its use as a stabilizer in earth blocks significantly increases the
environmental impact of a material that is otherwise considered eco-friendly. (Kumar and Barbato, 2022). The use of cement
in stabilizing soil blocks involves substantial energy consumption and the release of greenhouse gases, making it an
environmentally burdensome material (Ramirez et al, 2012). Also, it’s high cost have raised concerns, prompting the
exploration of more sustainable and cost-effective alternatives (Salih et al, 2020).

Every day, a large amount of agricultural waste is thrown away. If this waste is not taken care of properly, it can harm the
environment by making water dirty and adding more pollution to the air and land. But if we use some of these wastes, like
coconut coir fiber, abaca fiber, and maguey fiber, rice husk ash, we can help protect the environment and also create new
building materials for houses. Given the abundance of these agricultural wastes, this drastically helps the environment through
recycling waste materials and utilizing them for different applications such as in construction (Lejano and Pineda, 2018).

Considering all these facts, researchers worldwide have been encouraged to utilize agro-industrial waste materials to stabilize
earthen blocks. This approach addresses the weaknesses of unstable earth and helps recycle the considerable waste produced
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globally. The purpose of this study is to conduct a thorough review of the use of soil and agro-industrial waste in making
stabilized earthen blocks. The study compares the strength, durability, and microstructure analysis using scanning electron
microscopy (SEM) of stabilized earthen blocks and offers recommendations from various construction standards and codes.
The outcomes of this review aim to support the use of stabilized earthen blocks in construction.

2 Methodology

The study provides a critical review of 28 research articles related to the use of agro-waste materials in stabilizing
CSEBs. Bibliometric databases like Google Scholar, ResearchGate, Web of Science etc. were used to search for
relevant peer-reviewed articles published on this topic. The selected studies were thoroughly reviewed to examine
mechanical performance, durability properties, and microstructural behavior. Laboratory test results were collected
from those papers to compare compressive strength, tensile strength, flexural strength, and water absorption of
different agro-wastes. Durability was assessed by judging the mass loss during wetting-drying cycles. SEM
analysis from selected studies were reviewed to evaluate changes in microstructure, porosity, and fiber-soil
bonding. These results were compared against relevant construction standards for earthen materials. Most of these
selected papers have low fines content and more coarse content since cement mainly affects sands and gravels, and
thus the best results from the CSEBs were ensured.

3 Results and Discussions

3.1 Soil Type

Table-1 summarizes soil index properties used in earthen block studies, with sand content ranging from 15% to
over 77% and clay content often below 30%. Most soils exhibit medium plasticity (PI 7-18%), suitable for block
formation. These characteristics align with recommendations favoring moderate clay and plasticity levels. Besides
we can also see that soils with lower fines and higher coarse content enhance cement interaction and improve
overall performance of CSEBs.

Ref. Index Properties of Soil
Gravel (%) | Sand (%) | Silt (%) |Clay (%) | LL (%) | PL (%) | PI(%) |OMC (%)
(Olumodeji et al., 2023) 2.3 51.5 41 5.2 43.1 27 16.1 X
(Anik et al., 2024) 8.41 77.89 X 13.7 41 27.5 14.5 12.08
(Thansushan and Sathiparan, 2022) 4 50.2 45.8 X X X X
(Lejano and Pineda, 2018) 2.5 69.7 27.8 X X X 15.19
(Taallah and Guettala, 2016) X 61 23 16 X X X X
(Danso et al., 2015) 12 46 28 14 X X X 18
(Salih et al., 2020) X 71.3 28.3 X X X 18.6
(Houcine et al., 2023) X 50 11 39 37 19 18 X
(Tran et al., 2018) X 8 84 8 46.1 29.4 16.7 X
(Laibi et al., 2017) X 61.7 23.5 14.8 28 14 14 X
(Lejano wt al., 2019) X 92 8 X X X X
(Zardari et al., 2020) X 30 70 X 33 17 16 12.5
(Jose and Kasthurba, 2021) 51 36.1 10.9 41.5 27.2 14.3 X
(Muioz et al., 2021) X 60.7 39.3 X X X X
(Villamizar et al., 2012) 1.57 87.8 13.63 X X X X
(Marin et al., 2013) X 225 45 32 34.8 19.1 15.7 X
(Aymerich et al., 2012) X X X X 28 17 11 X
(Bouhicha et al., 2005) X 15 45 40 56.76 23.43 3333 X
(Kabiraj and Mandal, 2013) 15 50 35 41.3 25.7 15.6 16
(Ramirez et al., 2012) X 72.6 23.1 4.3 25.28 13.28 12 9.4
(Sreekumar and Nair, 2013) X 65.5 6.9 27.6 58 35 23 X

Table 1: Properties and constituents of soil utilized in various previous studies on earthen blocks

3.2 Compressive Strength

Figure-1 highlights the compressive strength of agro-waste stabilized earthen blocks obtained from past research.
Here, maximum compressive strength results were found when date palm fiber, rice husk ash, sugarcane bagasse
ash, pineapple leaves etc. were used as stabilizers. Whereas, earthen blocks stabilized with oil palm fiber, coconut
husk, cassava peels, pig hair fiber etc. showed weak compressive strength.
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Fig 1: Compressive strength of earthen blocks stabilized with agro-waste (Anik et al., 2024; Bouhicha et al.,
2005; Chan, 2011; Danso et al., 2015; Donkor et al., 2014; Houcine et al., 2023; Jose and Kasthurba, 2021;
Kabiraj and Mandal, 2013; Laibi et al., 2017; Lejano and Pineda, 2018; Lejano, 2019; Marin et al., 2013;
Mostafa and Uddin, 2016; Muiioz et al., 2021; Olumodeji et al., 2023; Ramirez et al., 2012; Salih et al., 2020;
Sreekumar and Nair, 2013; Taallah and Guettala, 2016; Thansushan and Sathiparan, 2022; Tran et al., 2018;
Villamizar et al., 2012)

3.3 Tensile Strength

Figure-2 shows the tensile strength of earthen blocks stabilized with various agro-waste materials. Sugarcane
bagasse ash (1.4 MPa), cornsilk fiber (1.3 MPa), and date palm fiber (1.25 MPa) demonstrated the highest tensile
strength values. In contrast, materials such as coconut husk (0.29 MPa), barley straw (0.28 MPa), and oil palm
fiber (0.3 MPa) yielded the lowest tensile performance. Overall, agro-wastes with optimal dosage significantly
enhanced tensile strength.
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Fig 2: Tensile strength of earthen blocks stabilized with agro-waste (Anik et al., 2024; Aymerich et al., 2012;
Bouhicha et al., 2005; Danso et al., 2015; Houcine et al., 2023; Jose and Kasthurba, 2021; Ramirez et al., 2012;
Salih et al., 2020; Taallah and Guettala, 2016; Thansushan and Sathiparan, 2022; Tran et al., 2018)

3.4 Flexural Strength

Figure-3 shows that agro-wastes like pig hair fiber, bottom biomass ash, and barley straw significantly enhanced
the flexural strength of earthen blocks. Moderate improvements were observed with materials such as alginate
fiber, sugarcane bagasse ash, natural rubber latex and cassava peels. In contrast, chicken feather fiber, wool, and
banana fiber showed limited improvement in flexural strength, indicating their lower effectiveness in resisting
bending stresses.

3.5 Water absorption

As depicted in Figure-4, agro-wastes such as date palm fiber and barley straw contributed to lower water
absorption, indicating better moisture resistance. On the other hand, materials like cassava peels and natural rubber
latex led to higher water absorption of more than 15%, reflecting weaker moisture performance and not meeting
the Indian Standard. This shows that some agro-waste materials help earthen blocks resist moisture better, making
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them more reliable in wet or humid climates. Choosing the right type and amount of these additives plays an
important role in improving the durability of eco-friendly buildings.
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Fig 3: Flexural strength of earthen blocks stabilized with agro-waste (Aymerich et al., 2012; Bouhicha et al.,
2005; Donkor et al., 2014; Jose and Kasthurba, 2021; Lejano and Pineda, 2018; Lejano, 2019; Marin et al., 2013;
Mostafa and Uddin, 2016; Muifioz et al., 2021; Ramirez et al., 2012; Salih et al., 2020; Thansushan and

Sathiparan, 2022; Villamizar et al., 2012)
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Fig 4: Water absorption of earthen blocks stabilized with agro-waste (Anik et al., 2024; Bouhicha et al., 2005;
Chan, 2011; Houcine et al., 2023; Jose and Kasthurba, 2021; Kabiraj and Mandal, 2013; Salih et al., 2020;
Sreekumar and Nair, 2013; Taallah and Guettala, 2016; Thansushan and Sathiparan, 2022; Villamizar et al.,

3.6 Durability Asses

2012)

sment under Drying—Wetting Cycles

Table-2 presents the loss in mass (%) of various agro-waste-reinforced CSEBs after cyclic wetting-drying tests,
with cycles from 1 to 12 over 48-hour intervals. Notably, materials like pineapple leaves and fibrous coir waste
exhibit significant mass loss, highlighting their susceptibility to degradation under repeated moisture exposure.

Agro-Waste

Terrazyme

Natural Rubber Latex
Pineapple Leaves
Fibrous Coir Waste
Cassava Wastewater

Proportion (%) Cycles Performed Loss in Mass (%) after Wetting-Drying Cycles
2.5 10 cycles,each 48 hour 1.25
0.5 2 cycles,each 48 hour 45
0.5 12 cycles,each 48 hour 2.52
10 6 cycles,each 48 hour 0.3
0.05 mL/kg 12 cycles,each 48 hour 2.46

Table 2: Durability Assessment under Drying—Wetting Cycles (Chan, 2011; Jose and Kasthurba, 2021; Souza et

al., 2021; Sravan and Nagaraj, 2017)

3.7 Microstructure Analysis
Figure-5(a) presents the Scanning Electron Microscopy (SEM) image of the Sugarcane Bagasse Fibers (SCBFs)
at a 400 um scale, which were used in the production of the reinforced earth blocks. On the other hand, Figure-
5(b) illustrates the various soil textures within the SCBF-reinforced CSEBs, highlighting the cement matrix (A1),
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the matrix—fiber interface (A2), and the fibers (A3) (Kumar & Barbato 2022). Again, the Scanning Electron
Microscopy (SEM) analysis of Chicken Feather Fiber (CFF) reinforced CSEBs at 700x magnification (Figure-
5(c)) revealed fiber pull-out and fracture, indicating that the fibers exhibited high pull-out resistance (Salih et al.,
2020).

(b) (©
Fig 5: Microstructure analysis of CSEBs (Kumar & Barbato 2022; Salih et al., 2020)

Figure-6(a) displays the Scanning Electron Microscopy (SEM) micrograph of Kenaf fiber-reinforced CSEBs,
revealing fracture surfaces with clear regions of fiber depletion and fissure (Laibi et al. 2018). Figure-6(b) presents
SEM images of small fractured samples taken from the inner core of blocks reinforced with natural rubber latex.
The highlighted circles indicate rubber particles embedded within the matrix, effectively filling the pores and
thereby reducing water absorption (Jose and Kasthurba, 2021).
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Fig 6: Microstructure analysis of CSEBs (Laibi et al. 2018; Jose and Kasthurba, 2021)

4 Conclusion

The findings underscore the effectiveness of agro-waste materials like date palm fiber, sugarcane bagasse ash, and
areca nut fiber in reinforcing compressed stabilized earth blocks (CSEBs), resulting in notable improvements in
their mechanical properties such as compressive, tensile, and flexural strengths, along with enhanced moisture
resistance. Moreover, this approach offers an environmentally sustainable alternative to cement, contributing to
reduced ecological footprints and supporting the circular economy. In sum, agro-waste reinforcement emerges as
a promising, eco-friendly solution for enhancing the performance and longevity of earthen blocks in construction
applications.
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