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Abstract 

In the context of climate change and the urgent need to reduce the carbon footprint of the construction sector, this study 
focuses on Stabilized Compressed Earth Blocks (SCEB) reinforced with banana trunk powder (BTP), as an alternative 
to cement, to improve their mechanical performance while promoting local resources. The main objective is to assess 
the effect of these additives on the flexural and compressive strength of the SCEB in order to determine optimal 
formulations. The methodology consisted of mechanical tests comparing two distinct formulations—earth + sand + BTP 
and earth + sand + cement—with additive dosages ranging from 2% to 10% and water content between 9% and 14%. 
The results revealed that a formulation with 2% BTP and 13% water produced the best mechanical performance, with 
flexural strength reaching 0.82 ± 0.10 MPa and compressive strength 3.91 ± 0.58 MPa, representing a significant 
improvement compared to the unstabilized control (0.55 ± 0.28 MPa in flexion and 2 ± 0.31 MPa in compression). 
However, higher BTP concentrations led to a marked decline in these properties. Conversely, the cement-stabilized 
formulation showed a linear improvement in performance, reaching 2.59 ± 0.31 MPa in flexion and 12.32 ± 0.66 MPa in 
compression for a 10% cement dosage with 13% water. The study concludes that the optimal formulation for SCEB 
combining mechanical efficiency and environmental sustainability is a mixture with 2% BTP and 13% water, paving the 
way for the development of innovative and eco-friendly construction materials.  

Keywords:  Stabilized Compressed Earth Blocks; Banana Trunk Powder; Cement; Mechanical Properties; Sustainable 
Construction 

1. Introduction

Climate change, marked by a global rise in temperatures, is a major challenge for modern societies, particularly in Côte 
d’Ivoire where its effects are increasingly pronounced. These climatic changes threaten ecosystems and biodiversity, 
affecting productivity and living conditions (Doffou et al., 2021). The increase in temperature and the intensification of 
extreme weather events—well documented in recent studies (Coulibaly et al., 2024; Fofana, 2023)—are largely 
attributed to CO₂ emissions, with the cement industry being a significant contributor (Dionne and Lefebvre, 2022). This 
sector, both a greenhouse gas emitter and vulnerable to climate variation, contributes to deteriorating housing 
conditions, leading to increased air-conditioning use and, consequently, greater energy consumption and emissions 
(Egah, 2021). 

http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjarr.com/
https://doi.org/10.30574/wjarr.2025.26.3.2104
https://crossmark.crossref.org/dialog/?doi=10.30574/wjarr.2025.26.3.2104&domain=pdf


World Journal of Advanced Research and Reviews, 2025, 26(03), 153–173 

154 

To address these issues, sustainable solutions such as Stabilized Compressed Earth Blocks (SCEB) are gaining ground. 
These materials, composed of soil and natural binders, reduce the carbon footprint of buildings (Tobias et al., 2023). 
The incorporation of agricultural waste such as banana trunk powder (BTP) valorizes local resources while enhancing 
the mechanical properties of SCEBs. BTP, rich in natural fibers, improves compressive strength (Petit et al., 2020) and 
offers lower thermal conductivity than cement, thus reducing cooling needs (Adjacou et al., 2022). Additionally, 
decomposing banana trunks emit methane (CH₄) and carbon dioxide (CO₂) when burned, contributing to greenhouse 
gas emissions (Nougtara et al., 2021). The increased porosity of SCEBs also improves resistance to moisture and 
erosion—critical in tropical regions (Ruf, 2022). 

In Côte d’Ivoire, where annual banana production reaches approximately 1.7 million tons, valorizing banana trunks 
presents both an economic opportunity for farmers and aligns with circular economy principles (Takpa et al., 2022). In 
summary, incorporating BTP into SCEBs illustrates the synergy between technological innovation and sustainable 
development. This approach addresses climate change challenges while enhancing quality of life through more 
comfortable and environmentally friendly housing. The aim of this study is to demonstrate how valorizing plantain 
banana trunk waste as a binder in SCEBs can reduce thermal flow, provide good mechanical strength, and contribute to 
more sustainable and context-adapted construction practices. 

2. Matériel et method 

2.1. Study Site  

The study was conducted in the Autonomous District of Abidjan, specifically in the commune of Cocody, within the 
Palmeraie neighborhood bordered by Riviera, Angré, Cocody Centre, and II-Plateaux. Additional activities took place in 
the Lagunes District, particularly in the Agnéby-Tiassa region, which includes Tiassalé (120 km from Abidjan, ~60,000 
inhabitants, coordinates: 5°53' N, 4°49' W), N'Douci (between Tiassalé and Agboville, ~40,000 inhabitants, coordinates: 
6°03' N, 5°01' W), and Agboville (north of Tiassalé, ~120,000 inhabitants, coordinates: 5°56' N, 4°13' W). These 
locations, interconnected by strategic road networks, play a key economic and cultural role in their respective regions. 

 

Figure 1 Location of the Study Areas 

2.2. Study Materials 

The study focused on soil samples and plantain banana trunks collected from four major locations: Cocody Palmeraie, 
Agboville, Tiassalé, and N’douci. Sample collection was conducted between March 2024 and February 2025. 
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Figure 2 Photographs of Soil and Banana Trunk Samples 

2.3. Technical Equipment 

 

Figure 3 Illustrations of Some Technical Equipment Used 

The technical equipment used in this study includes a precision balance and a measuring cup to accurately determine 
the masses of the samples, as well as a sieve and an oven essential for particle size analysis by sieving, allowing the 
separation of particles by size and the removal of residual moisture. For sedimentation particle size analysis, water, a 
hydrometer, an electric stirrer, a pipette, a stopwatch, and a thermometer are used to determine the distribution of fine 
particles in suspension by measuring their sedimentation rate and controlling experimental conditions. 
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To determine the California Bearing Ratio (CBR), a CBR rammer is used to prepare and compact samples according to 
strict standards, while a CBR press measures penetration resistance, thus assessing the load-bearing capacity of the 
material. 

For the Proctor test, a mold and a Proctor rammer are used to compact the samples in successive layers, and an oven 
determines the optimum moisture content and maximum dry density, ensuring reproducible and accurate compaction 
conditions. 

Finally, for the formulation of the Compressed Stabilized Earth Blocks (CSEB), a mixer ensures homogeneous blending 
of materials, and a mold is used to shape the blocks as desired. 

These pieces of equipment are essential for ensuring the reliability of results and optimizing the mechanical properties 
of the materials. 

2.4. Selection of Zones and Sampling Sites 

The sites selected for producing Compressed Stabilized Earth Blocks (CSEB) and for collecting soil and plantain banana 
trunk samples are located in four Ivorian localities: Cocody-Palmeraie, Agboville, Tiassalé, and N’Douci. These areas 
were chosen based on their geographical characteristics, soil quality, and agricultural potential, especially for plantain 
banana cultivation. 

Although Cocody-Palmeraie is urban, it contains agricultural pockets suitable for such cultivation. Agboville, known for 
its fertile soils and favorable climate, is a major production hub. Tiassalé, characterized by hydromorphic soils and the 
presence of rivers, offers a consistently humid environment. N’Douci, with its rich soils and humid climate, is also a 
prime zone. 

This pedoclimatic diversity enables the study of the influence of soil and climate on CSEBs and the mechanical properties 
of plantain banana materials, ensuring results that are both representative and scalable to other regions. Furthermore, 
these areas are well connected by road infrastructure, facilitating the transport of samples to laboratories and 
reinforcing the study’s feasibility. 

2.5. Sample Collection 

A single sampling site was selected per study zone. At each site, soil plots were chosen for sample collection. In total, 
four soil samples and four plantain banana trunk samples were randomly collected and packaged in new market-
purchased bags. Three sampling campaigns were conducted over eleven months, from March 2024 to February 2025, 
resulting in a total of 30 composite samples. This methodology ensures a structured and representative data collection 
process. 

2.6. Processing of Plantain Banana Trunks Collected from the Study Sites 

Following the collection of plantain banana trunks from the study sites, a rigorous treatment process was conducted to 
ensure the reliability of subsequent analyses. Fibers were first extracted, thoroughly cleaned, and cut into homogeneous 
fragments to facilitate the following steps. 

These fragments were dried in an oven at 105 °C to eliminate residual moisture, preventing degradation that could 
affect analytical results. Once dried, the samples were ground using a mill to obtain a fine, homogeneous powder—
essential for reproducibility. The resulting powder was then carefully stored in airtight bags to preserve its 
physicochemical properties before being used in various analyses. 

2.7. Grain Size Analysis by Sieving 

The grain size analysis by sieving of the soil samples was carried out in accordance with ISO 17892-4, Geotechnical 
Investigation and Testing — Laboratory Testing of Soil. This standardized method assesses particle distribution by 
separating them into size classes using a series of sieves. 

Samples, dried at 105 °C to remove moisture, were gently crushed to disaggregate clumps without altering the particles. 
Sieving was performed using a stack of sieves with decreasing mesh sizes (from 80 mm to 0.063 mm). The sample was 
placed at the top of the stack and mechanically shaken for 10 to 15 minutes. 
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Each retained fraction was then weighed, enabling the calculation of relative proportions and the plotting of a grain size 
curve—essential for characterizing the soil’s particle distribution. 

2.8. Grain Size Analysis by Hydrometer 

Grain size analysis by hydrometer was also performed according to ISO 17892-4. This method determines the 
distribution of fine particles (< 80 μm) by sedimentation. 

Samples, dried at 105 °C and sieved at 2 mm, were dispersed in an aqueous suspension containing sodium 
hexametaphosphate, then mechanically agitated. The suspension was transferred into a graduated cylinder, and 
sedimentation was monitored using a hydrometer at specific time intervals (from 30 seconds to 24 hours). 

The collected data were used to plot a grain size distribution curve, essential for identifying soil texture (clay, silt) and 
assessing its suitability for construction. 

2.9. California Bearing Ratio (CBR) Test 

The California Bearing Ratio (CBR) was determined in accordance with standard NF P94-078 (1997), to evaluate the 
load-bearing capacity and mechanical resistance of soil-based materials stabilized with plantain trunk fiber powder 
(PTFP), under immediate and post-immersion conditions—critical for humid environments. 

Samples were prepared under optimal moisture and compaction conditions. The soil-PTFP mixture was compacted in 
three layers in a standardized cylindrical mold, with a specified number of hammers blows per layer. 

The immediate CBR test assessed the material’s bearing capacity in its original state after compaction. For the soaked 
CBR test, samples were immersed for 96 hours (4 days) to simulate prolonged exposure to moisture before measuring 
penetration resistance. 

The CBR was calculated by comparing the penetration resistance of the sample to that of a reference material, with 
results expressed as percentages. Higher values indicate better bearing capacity, confirming the material’s performance 
under real-world conditions. 

2.10. Proctor Compaction Test 

The compaction properties of soil and plantain trunk fiber powder (PTFP)-based materials were evaluated using the 
Proctor test, following standard NF P94-093 (1997). This standard includes two methods: the Standard Proctor and 
Modified Proctor tests, used to determine the maximum dry density and optimal moisture content of the material. 

Samples were compacted in standardized molds in successive layers, each subjected to a defined number of hammer 
blows. 

For the Standard Proctor test, a moderate compaction energy was used, suitable for typical field conditions, while the 
Modified Proctor applied a higher energy level to simulate more rigorous compaction scenarios. 

Results were presented as moisture-density curves, identifying optimal parameters to maximize strength and stability, 
ensuring mechanical performance suited to sustainable construction requirements. 

2.10.1. Mixing Design 

To design and optimize the material mixtures, the Design-Expert 3 software was used to generate a rigorous and 
efficient experimental plan. 

Recognized for its capability in formulation optimization, this software defined 30 tests for each mixture, totaling 60 
tests plus 6 control tests. 

The two mixtures studied were 

• Mixture 1: Plantain banana trunk powder + sand + soil 
• Mixture 2: Soil + sand + cement 
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This methodological approach, based on optimized experimental design, enables evaluation of composite material 
properties and identification of optimal proportions that meet the specific requirements of the construction project. 

Table 1 Mixing plan for the control material (100% soil) 

Test Component 1 A: Clay + 
Sand % 

Component 2 C: 
Water % 

Component 1 A: Clay + 
Sand % 

Component 2 C: 
Water % 

1 13,5 1.215 100% 9% 

1 1350 121.5 1350 121.5 

2 13,5 1.35 100% 10% 

2 1350 135 1350 135 

3 13,5 1.465 100% 11% 

3 1350 146.5 1350 146.5 

4 13,5 1.62 100% 12% 

4 1350 162 1350 162 

5 13,5 1.755 100% 13% 

5 1350 175.5 1350 175.5 

6 13,5 1.89 100% 14% 

6 1350 189 1350 189 
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Table 2 Mixing plan for the material with cement 

Tes
t 

Compone
nt 1 A: 
Clay + 
Sand % 

Compone
nt 2 
B:Cement 
% 

Compone
nt 3 C: 
Water % 

Compone
nt 1 A: 
Clay + 
Sand % 

Compone
nt 2 
B:Cement 
% 

Compone
nt 3 C: 
Water % 

 

Tes
t 

Compone
nt 1 A: 
Clay + 
Sand % 

Compone
nt 2 
B:Cement 
% 

Compone
nt 3 C: 
Water % 

Compone
nt 1 A: 
Clay + 
Sand % 

Compone
nt 2 
B:Cement 
% 

Compone
nt 3 C: 
Water % 

1 13,5 0.27 1.215 100% 2% 9% 16 13.5 0.81 1.62 100% 6% 12% 

1 1350 27 121.5 1350 27 121.5 16 1350 81 162 1350 81 162 

2 13,5 0.27 1.35 100% 2% 10% 17 13.5 0.81 1.755 100% 6% 13% 

2 1350 27 135 1350 27 135 17 1350 81 175.5 1350 81 175.5 

3 13,5 0.27 1.465 100% 2% 11% 18 13.5 0.81 1.89 100% 6% 14% 

3 1350 27 146.5 1350 27 146.5 18 1350 81 189 1350 81 189 

4 13,5 0.27 1.62 100% 2% 12% 19 13.5 1.08 1.215 100% 8% 9% 

4 1350 27 162 1350 27 162 19 1350 108 121.5 1350 108 121.5 

5 13,5 0.27 1.755 100% 2% 13% 20 13.5 1.08 1.35 100% 8% 10% 

5 1350 27 175.5 1350 27 175.5 20 1350 108 135 1350 108 135 

6 13,5 0.27 1.89 100% 2% 14% 21 13,5 1.08 1.465 100% 8% 11% 

6 1350 27 189 1350 27 189 21 1350 108 146.5 1350 108 148.5 

7 13,5 0.54 1.215 100% 4% 9% 22 13.5 1.08 1.62 100% 8% 12% 

7 1350 54 121.5 1350 54 121.5 22 1350 108 162 1350 108 162 

8 13,5 0.54 1.35 100% 4% 10% 23 13.5 1.08 1.755 100% 8% 13% 

8 1350 54 135 1350 54 135 23 1350 108 175.5 1350 108 175.5 

9 13,5 0.54 1.465 100% 4% 11% 24 13.5 1.08 1.89 100% 8% 14% 

9 1350 54 146.5 1350 54 148.5 24 1350 108 189 1350 108 189 

10 13,5 0.54 1.62 100% 4% 12% 25 13.5 1.35 1.215 100% 10% 9% 

10 1350 54 162 1350 54 162 25 1350 135 121.5 1350 135 121.5 

11 13,5 0.54 1.755 100% 4% 13% 26 13.5 1.35 1.35 100% 10% 10% 

11 1350 54 175.5 1350 54 175.5 26 1350 135 135 1350 135 135 
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12 13,5 0.54 1.89 100% 4% 14% 27 13.5 1.35 1.465 100% 10% 11% 

12 1350 54 189 1350 54 189 27 1350 135 146.5 1350 135 148.5 

13 13,5 0.81 1.215 100% 6% 9% 28 13.5 1.35 1.62 100% 10% 12% 

13 1350 81 121.5 1350 81 121.5 28 1350 135 162 1350 135 162 

14 13,5 0.81 1.35 100% 6% 10% 29 13.5 1.35 1.755 100% 10% 13% 

14 1350 81 135 1350 81 135 29 1350 135 175.5 1350 135 175.5 

15 13,5 0.81 1.465 100% 6% 11% 30 13.5 1.35 1.89 100% 10% 14% 

15 1350 81 146.5 1350 81 148.5 30 1350 135 189 1350 135 189 

 

Table 3 Mixing plan for the material with plantain banana trunk powder 

Te
st 

Compon
ent 1 A: 
Clay + 
Sand % 

Compon
ent 2 B: 
Plantain 
banana 
trunk 
powder 
% 

Compon
ent 3 C: 
Water % 

Compon
ent 1 A: 
Clay + 
Sand % 

Compon
ent 2 B: 
Plantain 
banana 
trunk 
powder 
% 

Compon
ent 3 C: 
Water % 

Te
st 

Compon
ent 1 A: 
Clay + 
Sand % 

Compon
ent 2 B: 
Plantain 
banana 
trunk 
powder 
% 

Compon
ent 3 C: 
Water % 

Compon
ent 1 A: 
Clay + 
Sand % 

Compon
ent 2 B: 
Plantain 
banana 
trunk 
powder 
% 

Compon
ent 3 C: 
Water % 

1 13.5 0.27 1.215 100% 2% 9% 16 13.5 0.81 1.62 100% 6% 12% 

1 1350 27 121.5 1350 27 121.5 16 1350 81 162 1350 81 162 

2 13.5 0.27 1.35 100% 2% 10% 17 13.5 0.81 1.755 100% 6% 13% 

2 1350 27 135 1350 27 135 17 1350 81 175.5 1350 81 175.5 

3 13.5 0.27 1.465 100% 2% 11% 18 13.5 0.81 1.89 100% 6% 14% 

3 1350 27 146.5 1350 27 146.5 18 1350 81 189 1350 81 189 

4 13.5 0.27 1.62 100% 2% 12% 19 13.5 1.08 1.215 100% 8% 9% 

4 1350 27 162 1350 27 162 19 1350 108 121.5 1350 108 121.5 

5 13.5 0.27 1.755 100% 2% 13% 20 13.5 1.08 1.35 100% 8% 10% 

5 1350 27 175.5 1350 27 175.5 20 1350 108 135 1350 108 135 
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6 13.5 0.27 1.89 100% 2% 14% 21 13.5 1.08 1.465 100% 8% 11% 

6 1350 27 189 1350 27 189 21 1350 108 146.5 1350 108 148.5 

7 13.5 0.54 1.215 100% 4% 9% 22 13.5 1.08 1.62 100% 8% 12% 

7 1350 54 121.5 1350 54 121.5 22 1350 108 162 1350 108 162 

8 13.5 0.54 1.35 100% 4% 10% 23 13.5 1.08 1.755 100% 8% 13% 

8 1350 54 135 1350 54 135 23 1350 108 175.5 1350 108 175.5 

9 13.5 0.54 1.465 100% 4% 11% 24 13.5 1.08 1.89 100% 8% 14% 

9 1350 54 146.5 1350 54 148.5 24 1350 108 189 1350 108 189 

10 13.5 0.54 1.62 100% 4% 12% 25 13.5 1.35 1.215 100% 10% 9% 

10 1350 54 162 1350 54 162 25 1350 135 121.5 1350 135 121.5 

11 13.5 0.54 1.755 100% 4% 13% 26 13.5 1.35 1.35 100% 10% 10% 

11 1350 54 175.5 1350 54 175.5 26 1350 135 135 1350 135 135 

12 13.5 0.54 1.89 100% 4% 14% 27 13.5 1.35 1.465 100% 10% 11% 

12 1350 54 189 1350 54 189 27 1350 135 146.5 1350 135 148.5 

13 13.5 0.81 1.215 100% 6% 9% 28 13.5 1.35 1.62 100% 10% 12% 

13 1350 81 121.5 1350 81 121.5 28 1350 135 162 1350 135 162 

14 13.5 0.81 1.35 100% 6% 10% 29 13.5 1.35 1.755 100% 10% 13% 

14 1350 81 135 1350 81 135 29 1350 135 175.5 1350 135 175.5 

15 13.5 0.81 1.465 100% 6% 11% 30 13.5 1.35 1.89 100% 10% 14% 

15 1350 81 146.5 1350 81 148.5 30 1350 135 189 1350 135 189 
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2.10.2. Methods for Determining Formulations 

The formulation method is based on the preparation of a 1350 g material, carefully weighed, homogenized, and molded 
into specific shapes to ensure uniform distribution and standardized dimensions. The samples are then placed in a 
climatic chamber, where they are exposed to controlled temperature and humidity conditions for a defined period of 
28 days. 

This step simulates the curing process and the evolution of the material’s mechanical properties in a stabilized 
environment. After each curing period, flexural and compressive strength tests are performed to measure the 
mechanical resistance of the samples. These tests provide essential data on the material's capacity to withstand bending 
stresses and compressive forces, thereby evaluating both tensile behavior and resistance to crushing. 

This methodical and rigorous approach ensures accurate and reliable characterization of the material’s mechanical 
performance. 

3. Results and discussion 

This study analyzes the physical and mechanical properties of Compressed Stabilized Earth Blocks (CSEBs) composed 
of soil and plantain banana trunks subjected to various treatments. The results reveal significant variations depending 
on the applied treatments, highlighting the impact of compositional parameters on the strength and durability of CSEBs. 
These findings offer promising perspectives for optimizing eco-friendly construction materials. 

3.1. Grain Size Analysis by Sieving 

The grain size analysis of the soil samples shows a predominance of fine particles, characteristic of silty or clayey soils, 
which are well-suited for the formulation of Compressed Stabilized Earth Blocks (CSEBs). The presence of clay enhances 
the cohesion and stability of CSEBs, both of which are crucial for their long-term durability (Muntohar et al., 2020; 
Ilboudo et al., 2023). 

However, excessive clay content can lead to shrinkage and cracking, reducing the performance of the materials (Obonyo 
et al., 2023). Clay soils, thanks to their water retention capacity, are ideal for construction, but they require an optimal 
balance to avoid environmental sensitivity. 

Recent studies emphasize the importance of particle size characteristics for resistance to extreme weather conditions 
(Ouédraogo et al., 2023). A rigorous approach is therefore essential to formulate durable CSEBs, taking into account the 
specific properties of local soils. Future research should focus on adapting formulations to regional grain size 
distributions to maximize their structural effectiveness. 
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Figure 4 Grain Size Analysis by Sieving 

3.2. Grain Size Analysis by Hydrometer 

The hydrometer-based particle size analysis confirms the predominance of fine particles in the studied soils, classifying 
them as silty or clayey. This composition directly influences their physical properties, particularly water absorption and 
nutrient availability (Adingo et al., 2021; Cao et al., 2023). However, an excess of clay can lead to shrinkage and cracking 
risks, thereby compromising the durability of Compressed Stabilized Earth Blocks (CSEBs) (Balkıs et al., 2023). 

Studies have emphasized that optimizing CSEBs requires a thorough understanding of local granulometric 
characteristics (Cao et al., 2022). An optimal balance of fine particles enhances both water infiltration and retention—
critical factors for long-term stability (Ueda et al., 2022; Deng et al., 2023). Thus, the hydrometer analysis reinforces the 
importance of tailoring formulations to local soil profiles in order to ensure the performance and durability of CSEBs 
(Adingo et al., 2021; Kaur and Fanourakis, 2018). 
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Figure 5 Sedimentation Grain Size Analysis 

3.3. CBR and PROCTOR Analysis 

The Proctor test revealed an optimal moisture content of 7.45% and a dry bulk density of 1.98 t/m³—key parameters 
for optimizing Compressed Stabilized Earth Blocks (CSEBs) (Nshimiyimana et al., 2020; Bailly et al., 2024). These 
indicators are essential for assessing material performance under load and for reinforcing their suitability in sustainable 
construction applications (Belayali et al., 2022). 

In line with the findings of Donkor et al. (2021), the incorporation of natural fibers enhances both the strength and 
durability of CSEBs while positively influencing flexural strength and reducing environmental impact (Nshimiyimana et 
al., 2020). The production of CSEBs using different formulations enables a systematic comparison of mechanical and 
physical performance, thereby validating their structural properties (Kougoum et al., 2023; Oti and Kinuthia, 2020). 
These findings are critical to aligning CSEB performance with the evolving requirements of durability and efficiency in 
the construction industry (López-Rebollo et al., 2024; Char, 2024). 
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 Figure 6 Determination of the CBR Index on Soil 

3.4. Formulation Determination at 28 Days 

Mechanical tests reveal that the unstabilized control sample exhibits values of 0.55 ± 0.28 MPa in flexural strength and 
2 ± 0.31 MPa in compressive strength. The analysis of the mixtures composed of soil + sand + banana trunk powder 
(BTP) and soil + sand + cement shows contrasting behaviors depending on the additive proportions. 

For BTP, three tests were conducted at a 2% dosage, with test No. 5 yielding the best results based on the median 
principle, reaching 0.82 ± 0.10 MPa in flexion and 3.91 ± 0.58 MPa in compression. Conversely, at 10% dosage (test No. 
25), values significantly dropped to 0.22 ± 0.00 MPa and 0.62 ± 0.02 MPa respectively, indicating structural degradation 
at high concentrations (Belaribi et al., 2024). These findings corroborate previous studies showing that natural fibers 
like BTP enhance mechanical performance at low dosages but become counterproductive when used in excess (Serifou 
et al., 2020; Naceri and Vautrin, 2010). BTP thus acts as an optimal binder at low concentrations (Guettala and 
Mezghiche, 2011). 

In contrast, cement-based mixtures demonstrated a linear improvement in performance as the dosage increased, 
reaching 2.59 ± 0.31 MPa in flexion and 12.32 ± 0.66 MPa in compression at 10% dosage (test No. 29), confirming its 
effectiveness as a high-strength binder (Helson et al., 2020). However, this comes with a significant environmental cost 
due to greenhouse gas emissions (Lessard et al., 2019). 

In conclusion, the combination of 2% BTP with 13% water offers the best compromise between mechanical 
performance and environmental sustainability, while a 10% cement dosage with 13% water provides maximum 
strength. These findings pave the way for the development of sustainable construction materials that meet 
contemporary environmental challenges (Hayek et al., 2020; Tiana et al., 2014). 
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Table 4 Results of Control Samples 

Test 
Control 
Sample 

Component 1 A: 
Clay + Sand % 

Component 3 B: 

water  % 

Total 
Mass (g) 

FLEXURAL STRENGTH 
RESULT 

 
COMPRESSIVE STRENGTH RESULT 

 

        R1 R2 R3  Average R1 R2 R3 R4 R5 R6 Average 

1 100% 9%   0.07 0.17 0.25 0.16±0.09 0.75 0.78 0.79 0.8 0.82 0.86 0.80±0.04 

1 1350 121.5 1472 0.07 0.17 0.25 0.16±0.09 0.75 0.78 0.79 0.8 0.82 0.86 0.80±0.04 

2 100% 10%   0.15 0.24 0.32 0.24±0.09 0.65 0.85 0.95 0.97 1.1 1.3 0.97±0.22 

2 1350 135 1485 0.15 0.24 0.32 0.24±0.09 0.65 0.85 0.95 0.97 1.1 1.3 0.97±0.22 

3 100% 11%   0.2 0.35 0.47 0.34±0.14 1 1.15 1.25 1.29 1.45 1.6 1.29±0.21 

3 1350 146.5 1497 0.2 0.35 0.47 0.34±0.14 1 1.15 1.25 1.29 1.45 1.6 1.29±0.21 

4 100% 12%   0.25 0.48 0.68 0.47±0.22 0.7 1.1 1.4 1.48 1.8 2.4 1.48±0.58 

4 1350 162 1512 0.25 0.48 0.68 0.47±0.22 0.7 1.1 1.4 1.48 1.8 2.4 1.48±0.58 

5 100% 13%   0.26 0.55 0.8 0.54±0.27 1.2 1.4 1.7 1.78 2.1 2.5 1.78±0.47 

5 1350 175.5 1526 0.26 0.55 0.8 0.54±0.27 1.2 1.4 1.7 1.78 2.1 2.5 1.78±0.47 

6 100% 14%   0.28 0.58 0.79 0.55±0.26 1.6 1.75 1.95 2 2.25 2.45 2.00±0.31 

6 1350 189 1539 0.28 0.58 0.79 0.55±0.26 1.6 1.75 1.95 2 2.25 2.45 2.00±0.31 

 

Table 5 Results of the Mixture Design with Banana Trunk Powder 

Test Component 1 
A: Clay + Sand 
% 

Component 2 B: 
Plantain banana 
trunk powder % 

Component 3 
C: water % 

Total 
Mass 
(g) 

FLEXURAL 
STRENGTH 
RESULT 

  

  

COMPRESSIVE STRENGTH RESULT 
 

          R1 R2 R3  Average R1 R2 R3 R4 R5 R6 Average 

1 100% 2% 9%   0.59 0.7 0.69 0.66±0.06 2.88 2.98 3.1 3.21 3.21 3.31 3.12±0.16 

1 1350 27 121.5 1498.5 0.59 0.7 0.69 0.66±0.06 2.88 2.98 3.1 3.21 3.21 3.31 3.12±0.16 

2 100% 2% 10%   0.67 0.7 0.73 0.70±0.03 3.14 3.21 3.28 3.31 3.48 3.45 3.31±0.13 
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2 1350 27 135 1512 0.67 0.7 0.73 0.70±0.03 3.14 3.21 3.28 3.31 3.48 3.45 3.31±0.13 

3 100% 2% 11%   0.84 0.78 0.6 0.74±0.12 3.1 3.3 3.48 3.6 3.75 3.84 3.51±0.28 

3 1350 27 146.5 1523.5 0.84 0.78 0.6 0.74±0.12 3.1 3.3 3.48 3.6 3.75 3.84 3.51±0.28 

4 100% 2% 12%   0.78 0.74 0.82 0.78±0.04 3.4 3.51 3.69 3.85 3.9 3.9 3.71±0.21 

4 1350 27 162 1539 0.78 0.74 0.82 0.78±0.04 3.4 3.51 3.69 3.85 3.9 3.9 3.71±0.21 

5 100% 2% 13%   0.89 0.7 0.87 0.82±0.10 3.1 3.4 3.82 4.13 4.45 4.55 3.91±0.58 

5 1350 27 175.5 1552.5 0.89 0.7 0.87 0.82±0.10 3.1 3.4 3.82 4.15 4.45 4.55 3.91±0.58 

6 100% 2% 14%   0.7 1.02 0.86 0.86±0.16 3.1 3.2 4.15 4.9 5 6.15 4.42±1.17 

6 1350 27 189 1566 0.7 1.02 0.86 0.86±0.16 3.1 3.2 4.15 4.9 5 6.15 4.42±1.17 

7 100% 4% 9%   0.6 0.58 0.62 0.60±0.02 2.1 2.2 2.35 2.47 2.55 2.52 2.37±0.18 

7 1350 54 121.5 1525.5 0.6 0.58 0.62 0.60±0.02 2.1 2.2 2.35 2.47 2.55 2.52 2.37±0.18 

8 100% 4% 10%   0.64 0.61 0.67 0.64±0.03 1.9 2.1 2.35 2.6 2.75 2.83 2.42±0.37 

8 1350 54 135 1539 0.64 0.61 0.67 0.64±0.03 1.9 2.1 2.35 2.6 2.75 2.83 2.42±0.37 

9 100% 4% 11%   0.68 0.64 0.71 0.68±0.04 2.2 2.45 2.35 2.55 2.63 2.64 2.47±0.17 

9 1350 54 148.5 1552.5 0.68 0.64 0.71 0.68±0.04 2.2 2.45 2.35 2.55 2.63 2.64 2.47±0.17 

10 100% 4% 12%   0.8 0.7 0.66 0.72±0.07 2.35 2.2 2.5 2.65 2.73 2.67 2.52±0.21 

10 1350 54 162 1566 0.8 0.7 0.66 0.72±0.07 2.35 2.2 2.5 2.65 2.73 2.67 2.52±0.21 

11 100% 4% 13%   0.73 0.76 0.85 0.78±0.06 2.6 2.58 2.57 2.05 3.09 2.54 2.57±0.33 

11 1350 54 175.5 1579.5 0.73 0.76 0.85 0.78±0.06 2.6 2.58 2.57 2.05 2.09 2.54 2.41±0.26 

12 100% 4% 14%   0.75 0.85 0.8 0.80±0.05 2 2.35 2.5 2.8 2.95 3.1 2.62±0.41 

12 1350 54 189 1593 0.75 0.85 0.8 0.80±0.05 2 2.35 2.5 2.8 2.95 3.1 2.62±0.41 

13 100% 6% 9%   0.48 0.5 0.46 0.48±0.02 1.2 1.35 1.47 1.55 1.62 1.64 1.47±0.17 

13 1350 81 121.5 1552.5 0.48 0.5 0.46 0.48±0.02 1.2 1.35 1.47 1.55 1.62 1.64 1.47±0.17 

14 100% 6% 10%   0.52 0.49 0.55 0.52±0.03 1.4 1.45 1.5 1.52 1.55 1.58 1.50±0.07 

14 1350 81 135 1566 0.52 0.49 0.55 0.52±0.03 1.4 1.45 1.5 1.52 1.55 1.58 1.50±0.07 

15 100% 6% 11%   0.56 0.53 0.59 0.56±0.03 1.2 1.35 1.5 1.62 1.8 1.7 1.53±0.22 
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15 1350 81 148.5 1579.5 0.56 0.53 0.59 0.56±0.03 1.2 1.35 1.5 1.62 1.8 1.7 1.53±0.22 

Test Component 1 
A: Clay + Sand 
% 

Component 2 B: 
Plantain banana 
trunk powder % 

Component 3 
C:water % 

Total 
Mass 
(g) 

FLEXURAL 
STRENGTH 
RESULT 

  

  

COMPRESSIVE STRENGTH RESULT 
 

          R1 R2 R3  Average R1 R2 R3 R4 R5 R6 Average 

16 100% 6% 12%   0.6 0.53 0.67 0.60±0.07 1.5 1.5 1.56 1.5 1.7 1.6 1.56±0.08 

16 1350 81 162 1593 0.6 0.53 0.67 0.60±0.07 1.5 1.5 1.56 1.5 1.7 1.6 1.56±0.08 

17 100% 6% 13%   0.69 0.64 0.59 0.64±0.05 1.54 1.58 1.5 1.6 1.63 1.69 1.59±0.07 

17 1350 81 175.5 1606.5 0.69 0.64 0.59 0.64±0.05 1.54 1.58 1.5 1.6 1.63 1.69 1.59±0.07 

18 100% 6% 14%   0.68 0.71 0.65 0.68±0.03 1.25 1.6 1.4 1.75 1.9 1.8 1.62±0.25 

18 1350 81 189 1620 0.68 0.71 0.65 0.68±0.03 1.25 1.6 1.4 1.75 1.9 18 1.62±0.25 

19 100% 8% 9%   0.35 0.33 0.37 0.35±0.02 0.55 0.65 0.72 0.78 0.8 0.8 0.72±0.10 

19 1350 108 121.5 1579.5 0.35 0.33 0.37 0.35±0.02 0.55 0.65 0.72 0.78 0.8 0.8 0.72±0.10 

20 100% 8% 10%   0.39 0.3 0.48 0.39±0.09 0.65 0.55 0.75 0.82 0.85 0.88 0.75±0.13 

20 1350 108 135 1593 0.39 0.3 0.48 0.39±0.09 0.65 0.55 0.75 0.82 0.85 0.88 0.75±0.13 

21 100% 8% 11%   0.43 0.39 0.47 0.43±0.04 0.5 0.55 0.7 0.85 0.95 1.1 0.78±0.23 

21 1350 108 148.5 1606.5 0.43 0.39 0.47 0.43±0.04 0.5 0.55 0.7 0.85 0.95 1.1 0.78±0.23 

22 100% 8% 12%   0.47 0.5 0.44 0.47±0.03 0.7 0.6 0.9 0.78 0.95 0.92 0.81±0.14 

22 1350 108 162 1620 0.47 0.5 0.44 0.47±0.03 0.7 0.6 0.9 0.78 0.95 0.92 0.81±0.14 

23 100% 8% 13%   0.51 0.55 0.47 0.51±0.04 0.55 0.6 0.75 0.9 1 1.25 0.84±0.26 

23 1350 108 175,5 1633.5 0.51 0.55 0.47 0.51±0.04 0.55 0.6 0.75 0.9 1 1.25 0.84±0.26 

24 100% 8% 14%   0.55 0.54 0.56 0.55±0.01 0.7 0.78 0.85 0.9 0.95 1.01 0.87±0.11 

24 1350 108 189 1647 0.55 0.54 0.56 0.55±0.01 0.7 0.78 0.85 0.9 0.95 1.01 0.87±0.11 

25 100% 10% 9%   0.22 0.22 0.22 0.22±0.00 0.65 0.63 0.62 0.6 0.64 0.59 0.62±0.02 

25 1350 135 121.5 1606.5 0.22 0.22 0.22 0.22±0.00 0.65 0.63 0.62 0.6 0.64 0.59 0.62±0.02 

26 100% 10% 10%   0.26 0.25 0.27 0.26±0.01 0.55 0.58 0.65 0.7 0.75 0.67 0.65±0.07 

26 1350 135 135 1620 0.26 0.25 0.27 0.26±0.01 0.55 0.58 0.65 0.7 0.75 0.67 0.65±0.07 
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27 100% 10% 11%   0.3 0.28 0.32 0.30±0.02 0.5 0.6 0.68 0.72 0.77 0.8 0.68±0.11 

27 1350 135 148.5 1633.5 0.3 0.28 0.32 0.30±0.02 0.5 0.6 0.68 0.72 0.77 0.8 0.68±0.11 

28 100% 10% 12%   0.34 0.37 0.31 0.34±0.03 0.68 0.71 0.75 0.68 0.73 0.78 0.72±0.04 

28 1350 135 162 1647 0.34 0.37 0.31 0.34±0.03 0.68 0.71 0.75 0.68 0.73 0.78 0.72±0.04 

29 100% 10% 13%   0.38 0.46 0.3 0.38±0.08 0.55 0.63 0.8 0.72 0.9 0.9 0.75±0.14 

29 1350 135 175.5 1660.5 0.38 0.46 0.3 0.38±0.08 0.55 0.63 0.8 0.72 0.9 0.9 0.75±0.14 

30 100% 10% 14%   0.42 0.38 0.46 0.42±0.04 0.6 0.6 0.7 0.96 1.06 0.7 0.77±0.19 

30 1350 135 189 1674 0.42 0.38 0.46 0.42±0.04 0.6 0.6 0.7 0.96 1.06 0.7 0.77±0.19 

Table 6 Results of the Mixture Design with Cement 

Essai Component 1 
A: Clay + Sand 
% 

Component 
2 B: 
Cement % 

Component 
3 C: water 
% 

Total 
Mass 
(g) 

FLEXURAL 
STRENGTH RESULT 

  COMPRESSIVE STRENGTH RESULT   

  

     
R1 R2 R3  Average R1 R2 R3 R4 R5 R6 Average 

1 100% 2% 9%   0.45 0.51 0.57 0.51±0.06 2.6 2.4 2 3 2.53 2.5 2.51±0.07 

1 1350 27 121.5 1498.5 0.45 0.51 0.57 0.51±0.06 2.6 2.4 2 3 2.53 2.51 2.51±0.07 

2 100% 2% 10%   0.52 0.6 0.5 0.54±0.02 2.49 2.67 3 3 2.67 2.85 2.66±0.13 

2 1350 27 135 1512 0.52 0.6 0.5 0.54±0.02 2.49 2.67 3 3 2.67 2.85 2.66±0.13 

3 100% 2% 11%   0.47 0.7 0.6 0.59±0.12 2.73 2.82 3 3 2.85 2.91 2.81±0.06 

3 1350 27 146.5 1523.5 0.47 0.7 0.6 0.59±0.12 2.73 2.82 3 3 2.85 2.91 2.81±0.06 

4 100% 2% 12%   0.65 0.6 0.7 0.64±0.01 2.95 2.97 3 3 2.93 3.11 2.97±0.08 

4 1350 27 162 1539 0.65 0.6 0.7 0.64±0.01 2.95 2.97 3 3 2.93 3.11 2.97±0.08 

5 100% 2% 13%   0.59 0.7 0.8 0.69±0.10 3 3 3 3 3.2 3.28 3.11±0.11 

5 1350 27 175.5 1552.5 0.59 0.7 0.8 0.69±0.10 3 3 3 3 3.2 3.28 3.11±0.11 

6 100% 2% 14%   0.68 0.8 0.7 0.74±0.06 3.25 3.27 3 4 3.29 3 3.27±0.18 

6 1350 27 189 1566 0.68 0.8 0.7 0.74±0.06 3.25 3.27 3 4 3.28 3 3.27±0.18 

7 100% 4% 9%   1.06 0.6 0.8 0.81±0.25 3.8 3.82 4 4 3.6 4.04 3.82±0.14 
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7 1350 54 121.5 1525.5 1.06 0.6 0.8 0.81±0.25 3.8 3.82 4 4 3.6 4.04 3.82±0.14 

8 100% 4% 10%   0.85 0.8 0.9 0.84±0.01 3.6 3.92 4 4 4.29 4.62 4.07±0.35 

8 1350 54 135 1539 0.86 0.8 0.9 0.84±0.01 3.6 3.92 4 4 4.29 4.62 4.07±0.35 

9 100% 4% 11%   1.05 0.7 0.9 0.89±0.16 4.04 4.34 4 5 4.5 4.6 4.32±0.29 

9 1350 54 148.5 1552.5 1.05 0.7 0.9 0.89±0.16 4.04 4.34 4 5 4.5 4.6 4.32±0.29 

10 100% 4% 12%   0.95 0.9 0.9 0.94±0.01 3.54 4.88 4 5 4.77 5.07 4.57±0.57 

10 1350 54 162 1566 0.95 0.9 0.9 0.94±0.01 3.54 4.88 4 5 4.77 5.07 4.57±0.57 

11 100% 4% 13%   1.07 0.9 1 0.99±0.08 3.94 5.34 4 5 5.44 5.54 4.90±0.65 

11 1350 54 175.5 1579.5 1.07 0.9 1 0.99±0.08 3.94 5.34 4 5 5.44 5.54 4.90±0.65 

12 100% 4% 14%   1.14 0.9 1 1.04±0.10 4.48 5.68 5 5 5.37 5.57 5.19±0.44 

12 1350 54 189 1593 1.14 0.9 1 1.04±0.10 4.48 5.68 5 5 5.37 5.57 5.19±0.44 

13 100% 6% 9%   1.53 0.9 1.2 1.21±0.32 5.22 6.6 5 6 6.32 6.22 5.83±0.69 

13 1350 81 121.5 1552.5 1.53 0.9 1.2 1.21±0.32 5.22 6.6 5 6 6.32 6.22 5.83±0.69 

14 100% 6% 10%   1.33 12 1.2 1.24±0.09 6.23 5.1 7 5 6.94 6.57 6.17±0.76 

14 1350 81 135 1566 1.33 1.2 1.2 1.24±0.09 6.23 5.1 7 5 6.94 6.57 6.17±0.76 

15 100% 6% 11%   1.32 1.3 1.3 1.29±0.03 6.5 6.18 6 7 6.72 6.82 6.52±0.23 

15 1350 81 148.5 1579.5 1.32 1.3 1.3 1.29±0.03 6.5 6.18 6 7 6.72 6.82 6.52±0.23 
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Figure 7 Flexural and Compressive Strength Values by Powder and Cement Percentage  

4. Conclusion 

This study demonstrates that incorporating a small proportion of banana trunk powder (BTP) can yield satisfactory 
mechanical properties in composite materials, achieving a balance between performance and sustainability while 
promoting the use of a local and renewable resource. However, at higher concentrations, its effectiveness declines, 
disrupting the cohesion of the material. 

Compared to cement which, when used intensively, results in high emissions and a significant carbon footprint—BTP 
presents an environmentally friendly and cost-effective alternative. While cement requires larger proportions to 
achieve optimal performance, its environmental impact limits its viability as a sustainable binder. Conversely, BTP, even 
at low dosages, helps reduce environmental impact while maintaining acceptable mechanical strength. 
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Therefore, the integration of low proportions of BTP into construction materials emerges as a sustainable and eco-
responsible solution that addresses current climate challenges. This approach fosters greener construction practices 
and adds value to agricultural waste, opening new and innovative pathways for the future. 
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