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Abstract 

The aim of this study is to reduce the reliance on cement in the construction of Stabilized Earth Blocks (SEBs) by 
assessing the addition of snail shell and termite mound powders as a partial substitute for cement. The focus of this 
study is on the valorization of local materials and animal waste in sustainable construction. Laterite, used as the base 
material, was stabilized by substituting 0 to 80% of the cement with snail shell and termite mound powders to create 
blocks that were tested for their mechanical strength and water absorption. The results show that the compressive 
strength of the blocks  remains above the required threshold of 4 MPa up to a 50% substitution, with a downward trend 
at higher rates. The capillary water absorption of the stabilized earth blocks remains within the limits of blocks classified 
as low-absorption, with coefficients ranging from 0.58 kg/m²/min at a 50% substitution to 1.14 kg/m²/min at an 80% 
substitution. These findings suggest that a substitution up to 50% could represent an adequate balance between 
mechanical performance and environmental benefits, thus ensuring the required durability and mechanical strength. 
Although the research is limited to the study of these materials in their raw state, future work could explore the 
enhancement of the pozzolanic activity of snail shell and termite mound ash through treatments such as calcination to 
further strengthen the eco-efficiency of the process.  
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1. Introduction

The utilization of earth as a building material is ancient, esteemed for its availability and low energy impact, notably for 
its thermal insulation performance. However, this age-old material has seen renewed interest, especially in developing 
countries facing an ongoing housing crisis. In contrast to conventional building materials such as cement, concrete, and 
steel, earth allows for construction use that significantly reduces energy expenditures, in addition to offering substantial 
environmental, social, and economic benefits. 

Despite its advantages, earth in its natural state has limitations, including marked sensitivity to weather conditions, thus 
affecting the durability of constructions. Mechanical stabilization, while improving the mechanical strength of earth 
bricks, fails to mitigate their water sensitivity, posing a durability problem in regions with high rainfall. Mechanically 
stabilized earth tends to become plastic and lose strength upon wetting, leading to stability issues and progressive 
erosion in earth constructions. 

To enhance the mechanical hold and water resistance of bricks, the addition of binders such as cement and lime is 
common [1–6]. Stabilized earth blocks with 3 to 12% cement content are most widely used, yet this practice raises 
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significant environmental concerns [7]. Cement production contributes 9-10% of global CO2 emissions, accounting for 
up to 81% of concrete emissions [8]. [9] have assessed the environmental impact of adding Ordinary Portland Cement 
(OPC) for stabilizing earth materials, concluding that the mechanical improvement is modest considering the 
environmental cost. Moreover, a significant quantity of mineral binders can restrict the recyclability of earth materials, 
thus limiting the ecological benefits of their use [10]. Additionally, [11] highlights the environmental inconsistency of 
stabilizing earth with more than 4% mineral binder, as it would result in a cement content higher than that of a standard 
water-resistant concrete block, with a compressive strength of 4 to 8 MPa. His work reveals that low proportions of 
mineral binder (2 and 4%) do not significantly affect dry compressive strength or thermal conductivity but do 
significantly impact water resistance and humidity buffering value 

In response to environmental concerns associated with the use of mineral binders, research has explored the use of 
natural organic binders such as starches, cow dung, or tannins [12–18]. However, while these organic additions are 
environmentally beneficial, their ability to enhance the compressive strength of earth construction materials is 
generally limited [14,17,19]. In an effort to balance mechanical performance and ecological impact, other studies are 
moving towards the use of low-carbon footprint pozzolans, often associated with industrial or agricultural by-products 
like wood ash, coal ash, sugarcane bagasse ash, or rice husk ash [20–25]. These studies show that reducing the quantity 
of cement or lime, coupled with these pozzolans, can preserve adequate mechanical properties while significantly 
lowering CO2 emissions related to construction. 

In this vein, the goal of this study is to propose a method for stabilizing raw earth that significantly reduces 
environmental impact by minimizing cement use. This research assesses the effectiveness of using snail shell and 
termite mound powders, agricultural waste, as a partial substitute for cement to create a pozzolanic binder and 
examines whether this approach meets the mechanical performance and durability criteria required for building 
materials. 

This approach is fully aligned with sustainable construction practices, valuing local materials and by-products 
previously considered as waste. By exploring the potential of raw earth and assessing the impact of partially substituting 
cement with bio-based materials, this study contributes to the global effort to reduce the carbon footprint in the 
construction sector and underscores the importance of judicious use of natural resources in an environmentally 
respectful manner.  

2. Material and methods 

2.1. Laterite 

The laterite used in this study (Figure 1) was sourced locally, displaying a granulometric curve within the standardized 
envelope [26] (Figure 2). The physical characteristics of the laterite are summarized in Table 1. 

 

Figure 1 Laterite 
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Figure 2 Size distribution of laterite 

Table 1 Physical characteristics of laterite 

Physical parameters Values 

Dry Density (t/m³) 1.876 

Optimal Moisture Content (%) 12.90 

Natural Moisture Content (%) 2.25 

Plasticity Index (%) 20.1 

Consistency Index (%) 1.74 

Percentage of Fines (%) 55.25 

Methylene Blue Value "MBV" 1.37 

2.2. Snail shells and termite mound 

Snail shells, after being washed and dried, were crushed and ground into powder. This powder was then sieved through 
a 0.315 mm mesh (Figure 3). Similarly, the termite mound, collected in its natural state, was cleaned of impurities, 
crushed, and ground into a fine powder before being sieved through the same mesh size (Figure 4). 

 

Figure 3 Whole and ground snail shells 
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Figure 4 Termite mound in natural state and after crushing and grinding 

2.3. Cement 

The cement used for this study is a composite Portland cement CEM II/B 32.5R. Its specific surface area Blaine and 
density are 3480 cm²/g and 2.99, respectively. The chemical and mineralogical composition of the cement are provided 
in Table 2 and Table 3. 

Table 2 Chemical composition of cement 

Oxides CaO SiO2 Al2O3 F2O3 MgO Na2O K2O SO3 Cl Loss on Ignition 

% 54.4 21.0 6.7 3.4 2.2 0.31 0.75 2.7 0.06 7.1 

Table 3 Mineralogical composition 

Phase Clinker 

Minerals C3S C2S C3A C4AF 

Content (%) 62.72 10.86 8.47 9.83 

2.4. Production of Stabilized Earth Blocks (SEBs) 

For the production of SEBs, a fixed mass of dry soil mixture was established, to which 10% cement was added as the 
main stabilizer. A portion of this cement was then substituted with a mixture of “snail shells + termite mound,” varying 
from 0 to 80% by increments of 10% (Table 4). It is noted that this substitution mixture was composed of equal parts 
snail shells and termite mound, 50% each. 

Table 4 Mix designs for the blocks 

SOIL + CEMENT + (SNAIL SHELLS + TERMITE MOUND) 

Total dry mix = 9900 g 

Substitution Rate (%) Soil (g) Cement (g) Snail Shell + Termite Mound (g) Water (ml) 

0 9000 900 0 1277.1 

10 9000 810 90 1277.1 

20 9000 720 180 1277.1 

30 9000 630 270 1277.1 

40 9000 540 360 1277.1 

50 9000 450 450 1277.1 

60 9000 360 540 1277.1 

70 9000 270 630 1277.1 

80 9000 180 720 1277.1 
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Dry mixing was first performed to ensure homogeneity of the mixture, indicated by a uniform color throughout the 
volume. Gaging water was then added to achieve optimal moisture content as determined by the Proctor test. The 
mixture was then wet mixed until homogeneous before being poured into a mold. After compaction, the samples were 
immediately demolded. 

Curing the blocks is critical to developing optimal mechanical strength, particularly for cement-stabilized blocks, which 
require internal moisture. To maintain an adequate atmosphere, the samples were covered with a plastic sheet for 7 
days to preserve moisture and shielded from sun and wind to prevent shrinkage cracks (Figure 5). Subsequently, the 
samples were stored in the open air with adequate ventilation to facilitate air circulation. 

 

Figure 5 Appearance of the blocks inside the plastic bag 

After the curing period, the blocks were subjected to tests to evaluate their capillary water absorption in accordance 
with standard NF EN 772-11 [27]. Mechanical properties, such as tensile splitting strength and compressive strength, 
were measured following standards NF EN 12390-6 [28] et NF EN 772-1+A1 [29], respectively. 

3. Results and discussion 

3.1. Water absorption by capillarity 

As indicated in Figure 6, the capillary water absorption coefficient of the stabilized earth blocks varies with the 
percentage of cement substituted with snail shell and termite mound powders. It is observed that water absorption 
exhibits a nonlinear trend as the substitution percentage increases. 

The initial increase in water absorption with low substitution rates could be attributed to changes in the microstructure 
of the blocks. The added powders may initially act as fillers, filling spaces between laterite particles, but without 
providing a sufficient pozzolanic bond to reduce porosity. However, as the substitution rate increases, a decrease in 
absorption is noted, reaching its lowest point at 50% substitution. This could be the result of a partial pozzolanic 
reaction, where the shells (primarily composed of calcium carbonate) and termite mounds (rich in silica and alumina) 
begin to react with the alkaline solution of the cement to form secondary cementitious products, thus improving the 
material's density and reducing its accessible porosity. 

Yet, beyond 50% substitution, the marked increase in the absorption coefficient suggests a threshold beyond which the 
addition of these powders may reverse the gains in density, possibly due to a saturation of the mix that hinders the 
formation of effective cementing products or leads to a less favorable particle dispersion in the matrix. 

It is important to note that despite these fluctuations, all blocks tested remain within an acceptable range of water 
absorption [27], indicating a generally satisfactory performance in terms of moisture resistance. 
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Figure 6 Variation of the capillary water absorption coefficient with the rate of cement substitution 

3.2. Mechanical properties of the composites 

Figure 7, compares the compressive and tensile strengths of stabilized earth blocks and reveals a general trend of 
decreasing strength with increasing rates of cement substitution by snail shell and termite mound powders. However, 
a key observation is that the compressive strength only falls below the 4 MPa threshold when a substitution rate of 60% 
is reached. At 50% substitution, the compressive strength remains above this threshold, suggesting that substitution up 
to this point could be viable for structural applications requiring a minimum strength of 4 MPa [26]. This observation, 
combined with the acceptable range of water absorption by capillarity, indicates that a substitution of up to 50% of 
cement with snail shell and termite mound powders could be viable from the perspectives of durability and structural 
performance. 

 

Figure 7 28-day strength variations with cement substitution rate  

The decline in compressive strength can be attributed to several factors. At low rates, the powders may act as fillers that 
improve material density but do not significantly contribute to the formation of cementing products that enhance 
strength. With increasing substitution rates, a pozzolanic reaction may occur, contributing to the formation of 
cementitious products and improving strength up to a certain threshold, beyond which the benefits of pozzolanicity 
may decrease or be offset by other effects, such as overloading the cement matrix with non-reactive materials or an 
excess of fines that negatively affect the composite structure. 
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Considering the study's goal to reduce cement in earth blocks for a lesser environmental impact, it appears that 
substituting up to 50% of the initial cement with snail shell and termite mound powders is a viable approach. This 
substitution allows for the maintenance of acceptable mechanical properties while potentially enhancing the material's 
durability. 

4. Conclusion 

This research endeavored to assess the viability of utilizing local materials and agricultural by-products to reduce the 
environmental footprint of stabilized earth bricks. In addressing the challenges posed by cement production, such as 
significant CO2 emissions and overall environmental impact, the study evaluated the effectiveness of partially 
substituting cement with snail shell and termite mound powders. 

The findings revealed that up to a certain substitution threshold, it is possible to maintain compressive strength above 
4 MPa, a value that meets structural requirements for certain construction applications. Moreover, the classification of 
the blocks as low-absorption is confirmed by the measured capillary water absorption coefficients, thus underlining the 
uncompromised durability of the blocks despite the applied substitution rates. 

Considering these results, the addition of snail shell and termite mound powders acts as a partial substitute for cement 
in stabilized earth blocks, up to a rate of 50%. This practice not only reduces the use of cement but also contributes to 
the valorization of local materials and the sustainable management of agricultural waste. 

For future studies, it would be pertinent to further investigate the pozzolanic activity of snail shell and termite mound, 
including the impact of calcination on this activity. A deeper exploration of these processes could provide additional 
insights to optimize the use of these materials in producing stabilized earth blocks with enhanced mechanical and 
durability properties.  

Compliance with ethical standards 

Disclosure of conflict of interest 

The authors declare that there are no conflicts of interest that could inappropriately influence, or be perceived to 
influence, the work reported in this manuscript. 

Funding 

No external funding was secured for this study. 

Author Contributions 

 Conceptualization and study design: Gontrand C. Bagan, Edmond C. Adjovi 
 Data collection: Megalvio Y. Tossa 
 Data analysis and interpretation: Megalvio Y. Tossa, Edem Chabi 
 Manuscript drafting: Megalvio Y. Tossa, Edem Chabi 
 Critical manuscript review for intellectual content: Megalvio Y. Tossa, Edem Chabi, Gontrand C. Bagan, Edmond 

C. Adjovi. 
 Final manuscript approval: V Megalvio Y. Tossa, Edem Chabi, Gontrand C. Bagan, Edmond C. Adjovi. 

Data and Code Availability 

No additional datasets or code repositories are associated with this research.  

References 

[1] R. Bahar, M. Benazzoug, S. Kenai, Performance of compacted cement-stabilised soil, Cement and Concrete 
Composites 26 (2004) 811–820. https://doi.org/10.1016/j.cemconcomp.2004.01.003. 

[2] P. Dulal, S. Maharjan, M.P. Timalsina, Y. Maharjan, A. Giri, A. Tamang, Engineering properties of cement-stabilized 
compressed earth bricks, Journal of Building Engineering 77 (2023) 107453. 
https://doi.org/10.1016/j.jobe.2023.107453. 



World Journal of Advanced Research and Reviews, 2024, 23(02), 1976–1984 

1983 

[3] Y. Yogananth, K. Thanushan, P. Sangeeth, J.G. Coonghe, N. Sathiparan, Comparison of strength and durability 
properties between earth-cement blocks and cement–sand blocks, Innov. Infrastruct. Solut. 4 (2019) 50. 
https://doi.org/10.1007/s41062-019-0238-8. 

[4] K. Dao, M. Ouedraogo, Y. Millogo, J.-E. Aubert, M. Gomina, Thermal, hydric and mechanical behaviours of adobes 
stabilized with cement, Construction and Building Materials 158 (2018) 84–96. 
https://doi.org/10.1016/j.conbuildmat.2017.10.001. 

[5] O. Ige, H. Danso, Physico-mechanical and thermal gravimetric analysis of adobe masonry units reinforced with 
plantain pseudo-stem fibres for sustainable construction, Construction and Building Materials 273 (2021) 
121686. https://doi.org/10.1016/j.conbuildmat.2020.121686. 

[6] M.M. Barbero-Barrera, F. Jové-Sandoval, S. González Iglesias, Assessment of the effect of natural hydraulic lime 
on the stabilisation of compressed earth blocks, Construction and Building Materials 260 (2020) 119877. 
https://doi.org/10.1016/j.conbuildmat.2020.119877. 

[7] D.E.M. Gooding, Improved processes for the production of soil-cement building blocks, PhD Thesis, University of 
Warwick, 1994. https://wrap.warwick.ac.uk/4453/1/WRAP_THESIS_Gooding_1994.pdf (accessed April 5, 
2024). 

[8] F. Pacheco-Torgal, S. Jalali, Cementitious building materials reinforced with vegetable fibres: A review, 
Construction and Building Materials 25 (2011) 575–581. https://doi.org/10.1016/j.conbuildmat.2010.07.024. 

[9] H. Van Damme, H. Houben, Earth concrete. Stabilization revisited, Cement and Concrete Research 114 (2018) 
90–102. https://doi.org/10.1016/j.cemconres.2017.02.035. 

[10] B.L. Damineli, F.M. Kemeid, P.S. Aguiar, V.M. John, Measuring the eco-efficiency of cement use, Cement and 
Concrete Composites 32 (2010) 555–562. https://doi.org/10.1016/j.cemconcomp.2010.07.009. 

[11] K.A.J. Ouedraogo, J.-E. Aubert, C. Tribout, G. Escadeillas, Is stabilization of earth bricks using low cement or lime 
contents relevant?, Construction and Building Materials 236 (2020) 117578. 
https://doi.org/10.1016/j.conbuildmat.2019.117578. 

[12] C. Guerrieri, Characterization of compressed earth blocks built with natural low-cost energy stabilizers, Rammed 
Earth Conservation 125 (2012). 
https://api.taylorfrancis.com/content/chapters/edit/download?identifierName=doi&identifierValue=10.1201
/b15164-25&type=chapterpdf (accessed April 5, 2024). 

[13] C. Galán-Marín, C. Rivera-Gómez, J. Petric, Clay-based composite stabilized with natural polymer and fibre, 
Construction and Building Materials 24 (2010) 1462–1468. 
https://doi.org/10.1016/j.conbuildmat.2010.01.008. 

[14] B. Sorgho, L. Zerbo, I. Keita, C. Dembele, M. Plea, V. Sol, M. Gomina, P. Blanchart, Strength and creep behavior of 
geomaterials for building with tannin addition, Mater Struct 47 (2014) 937–946. 
https://doi.org/10.1617/s11527-013-0104-7. 

[15] Y. Millogo, J.-E. Aubert, A.D. Séré, A. Fabbri, J.-C. Morel, Earth blocks stabilized by cow-dung, Mater Struct 49 
(2016) 4583–4594. https://doi.org/10.1617/s11527-016-0808-6. 

[16] J. Nakamatsu, S. Kim, J. Ayarza, E. Ramírez, M. Elgegren, R. Aguilar, Eco-friendly modification of earthen 
construction with carrageenan: Water durability and mechanical assessment, Construction and Building 
Materials 139 (2017) 193–202. https://doi.org/10.1016/j.conbuildmat.2017.02.062. 

[17] P.P.-K. Yalley, D. Manu, Strength and durability properties of cow dung stabilised earth brick, Civil and 
Environmental Research 3 (2013) 117–125. 

[18] G. Alhaik, M. Ferreira, V. Dubois, E. Wirquin, S. Tilloy, E. Monflier, G. Aouad, Enhance the rheological and 
mechanical properties of clayey materials by adding starches, Construction and Building Materials 139 (2017) 
602–610. https://doi.org/10.1016/j.conbuildmat.2016.11.130. 

[19] A.A.R. Corrêa, L.M. Mendes, N.P. Barbosa, T. de P. Protásio, N. de A. Campos, G.H.D. Tonoli, Incorporation of 
bamboo particles and “synthetic termite saliva” in adobes, Construction and Building Materials 98 (2015) 250–
256. https://doi.org/10.1016/j.conbuildmat.2015.06.009. 

[20] K. Poorveekan, K.M.S. Ath, A. Anburuvel, N. Sathiparan, Investigation of the engineering properties of cementless 
stabilized earth blocks with alkali-activated eggshell and rice husk ash as a binder, Construction and Building 
Materials 277 (2021) 122371. https://doi.org/10.1016/j.conbuildmat.2021.122371. 



World Journal of Advanced Research and Reviews, 2024, 23(02), 1976–1984 

1984 

[21] R. Alavéz-Ramírez, P. Montes-García, J. Martínez-Reyes, D.C. Altamirano-Juárez, Y. Gochi-Ponce, The use of 
sugarcane bagasse ash and lime to improve the durability and mechanical properties of compacted soil blocks, 
Construction and Building Materials 34 (2012) 296–305. https://doi.org/10.1016/j.conbuildmat.2012.02.072. 

[22] M.S. Islam, T.E. Elahi, A.R. Shahriar, N. Mumtaz, Effectiveness of fly ash and cement for compressed stabilized 
earth block construction, Construction and Building Materials 255 (2020) 119392. 
https://doi.org/10.1016/j.conbuildmat.2020.119392. 

[23] E. Hany, N. Fouad, M. Abdel-Wahab, E. Sadek, Investigating the mechanical and thermal properties of compressed 
earth bricks made by eco-friendly stabilization materials as partial or full replacement of cement, Construction 
and Building Materials 281 (2021) 122535. https://doi.org/10.1016/j.conbuildmat.2021.122535. 

[24] N. Boussaa, F. Kheloui, N. Chelouah, Mechanical, thermal and durability investigation of compressed earth bricks 
stabilized with wood biomass ash, Construction and Building Materials 364 (2023) 129874. 
https://doi.org/10.1016/j.conbuildmat.2022.129874. 

[25] R. Aurelie Tchouateu Kamwa, L. Tchadjie Noumbissie, S. Tome, E. Idriss, J. Giogetti Deutou Nemaleu, B. Tommes, 
D. Woschko, C. Janiak, M.-A. Etoh, A comparative study of compressed lateritic earth bricks stabilized with natural 
pozzolan-based geopolymer binders synthesized in acidic and alkaline conditions, Construction and Building 
Materials 400 (2023) 132652. https://doi.org/10.1016/j.conbuildmat.2023.132652. 

[26] AFNOR, Standard XP P13-901 Raw Earth Bricks and Blocks for Walls and Partitions - Definitions - Specifications 
- Test Methods - Acceptance Conditions, (2022). 

[27] AFNOR, NF EN 772-11 Masonry Unit Test Methods - Part 11: Determination of Water Absorption by Capillarity 
of Aggregate Concrete, Autoclaved Aerated Concrete, Reconstituted and Natural Stone Masonry Units and Initial 
Rate of Water Absorption of Clay Masonry Units, (2011). 

[28] AFNOR, NF EN 12390-6 Tests for Hardened Concrete - Part 6: Determination of Tensile Splitting Strength of Test 
Specimens, (2012). 

[29] AFNOR, NF EN 772-1+A1 Masonry Unit Test Methods - Part 1: Determination of Compressive Strength, (2015). 


