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Abstract. The aim of this study is to examine the effects of cement stabilization on the
mechanical stress of compressed stabilized earth blocks (CSEBs) and adobe stabilized earth
bricks (ASEBs). Hence, this work is based on an experimental study carried out in order to
determine the geotechnical properties of the samples soil, namely, the dry particle size
analysis after washing, the particle size distribution by sedimentometry, Atterberg limits,
and the preparation of specimens with different levels of cement proportions. Moreover,
single compression and three-point bending compression out on specimens measuring
4x4x4cm3 and 4x4x16cm?3 respectively. The findings indicate that dosing with 8% cement
results in a clear increase in compression stress of approximately 25.55% for CSEBs
compared to the reference set at 0% and 22.85% for ASEBs. On the other hand, for a dosage
of 4%, we observe a slight increase in stress by simple compression of around 3.26% for
CSEBs and 3.14% for ASEBs. For three-point bending compression for a cement dosage of
8%, there is also an increase in stress of about 25% for the CSEBs compared to the reference
taken at 0% and 23.02% for the ASEBs.

Key words: Adobe earth bricks; adobe stabilized earth bricks, plasticity; stabilization; compressed earth
blocks; compressed stabilized earth blocks.

1. Introduction

The earth has been one of the main construction materials used on our planet for almost 10.000
years. Today, more than one third of our planet's inhabitants live in earth-based habitats. The
population of the town of Ngaoundere mostly build in adobe earth bricks, owing to the quality
and availability of its red clay soil. Studies on compressed stabilized earth blocks (CEBs) have
been carried out by several researchers (Walker, 2004; Kariyawasam and Jayasinghe, 2016;
Zhang et al, 2017; Toure et al, 2017; Sekhar and Nayak, 2018; Ruiz, 2018; Inim et al, 2018). The
research shows that, the bonding materials have an effect on the overall stability of masonry
structure (Ronglin, 2020). The axial compression failure initial cracks appeared on the contact
surfaces of the two blocks, followed by cracking at the corner of the specimen (Guangqi et al,
2021). This material shows its current form with numerous assets necessary for the
construction of sustainable, comfortable and economic accommodations (Houben et al, 1996;
Césaire et al, 2020). The use of local materials to build houses is an important strategy to
counter our worsening global environmental problems (Ghorab et al, 2007). However, the use
of raw earth as a building material for adobe earth bricks presents significant limitations, such
as the high absorption rate due to the relatively high porosity, the formation of drawback during
drying and a low resistance to humidity. At the same time, it offers good thermal insulation
properties when stabilized at ideal conditions (Meukam et al, 2004; Elisabete et al, 2020). In
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our study, we will determine the geotechnical properties of soil samples obtained from three
experimental sites. These properties will be determined by dry particle size distribution after
washing (grain sizes above 80um), particle size analysis by sedimentometry (grain sizes below
80um), Atterberg limits and the preparation of specimens with different cement dosages (0%,
04%, 08%). Subsequently, the mechanical properties will be assessed on compressed earth
blocks, compressed stabilized earth blocks (CSEBs), adobe earth bricks (AEBs) and adobe
stabilized earth bricks (ASEBs) through simple compression tests, three-point bending
compression and absorption tests.

2. Material and methods

2.1. Location of the study and sampling areas

The soil samples were collected in the Adamawa region (Ngaoundere town), located in the
northern part of Cameroon, in the VINA division, more precisely in Ngaoundere I (Bamyanga:
BAM), Ngaoundere Il (Gadamabanga: GAD) and Ngaoundere III (Maiborno: MAI) sub-divisions.
Soil samples were collected at 50cm depth in these three neighbourhoods. This choice is based
on the high number of constructions with adobe earth bricks, representing about 80% according
to field surveys.

Fig. 1. Soil samples GAD, MAI and BAM

2.2. Climate

The Adamawa region has a tropical savana climate, and very wet given its high altitude, average
1100m. The Ngaoundere weather station receives up to 1575 mm of rain in seven months, from
march to november (Amougou et al, 2015). The climate in this region is irregular, with a dry
season lasting about 5 months, november to march, and a rainy season covering about 7 months,
april to october. Average rainfall is between 900mm and 1500mm. Minimum temperatures of
10-19°C are recorded from december to January and maximum temperatures are 27-34°C in
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march. Average temperatures are relatively low: 22°C in Ngaoundere, with an equally low
annual temperature range of 3.1°C (Amougou et al, 2015).
2.3. Geotechnical identification tests

The geotechnical properties of the soil will help to understand and predict the behaviour of the
material. The tests below were carried out on three soil samples collected at the Local Materials
Promotion Authority (MIPROMALOQO) laboratory in Yaounde. These included: dry particle size
analysis after washing: grains greater than 80pum; particle size distribution by sedimentometry
analysis: grains lower than 80pm; Atterberg limits (Liquidity Limits: LL, Plastic Limits: PL and
Plasticity Index: PI) and methylene blue test.

2.4. Specimens fabrication

2.4.1. Test specimens fabrication of CEBs, CSEBs, AEBs and ASEBs

The CEBs, CSEBs, AEBs and ASEBs specimens were made with the dimensions 4x4x16cm3 for
three-point bending tests, 4x4x4cm3 for simple compression tests, 8x4x2cm3 and 4x4x16cm3 for
absorption tests with different percentages of cement stabilization CPJ 35. The cement CPJ 35 is
mainly composed of: SiO2; Al,O3; Fe;03; Ca0; Mg0O; SO3; K20; Naz0; free lime, insoluble residue
with a compressive strength of 28MPa after 28 days (NF EN P15-101-1, 1995b).

+ Procedures for the manufacturing of CEBs and CSEBs
The manufacturing of CEBs and CSEBs is performed in several stages:
e Digthe soil to a depth of 50cm at three different locations on each sampling site;

e Weigh with a scale the masses of soil sufficient for making the different specimens
(Figure 1);

e Weigh the quantities of cement CPJ 35 at 4% and 8% of the soil mass, then proceed with
dry mixing;

e Hydrate the whole (earth + cement) with about 12% water (Houben et al., 1996);
e Proceed to the compression of test piece with pression of 3MPa;
e Mold and remove the 4x4x16cm3, 4x4x4cm3 and 8x4x2cm3 specimens from the mold ;

e Wrap and leave the specimens to dry for 28 days.

+ Procedures for the manufacturing of AEBs and ASEBs
In order to manufacture AEBS and ASEBs, we need several stages:
¢ Digthe soil to a depth of 50cm at three different locations on each site;
e Weigh the quantity of cement at 4% and 8% of the soil mass, then proceed with dry
mixing;
e Hydrate the whole (earth + cement) with about 25% water (experiments in situ);

e Mold and remove the 4x4x16cm3 specimens from the mold;
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e Dry the specimens during 28 days.

2.4.2. Three-point bending compression

Three-point bending tests were carried out on CEBs, CSEBs, AEBs and ASEBs specimens of
4x4x16cm3 size, stabilized with 4% and 8% cement after 28 days using the electric press of
brand impact. It weighs 5 tons, with a charge rate of 0.025mm/s. The tests findings are collected
from the electric press which indicates the maximum charge stress in MPa by each test.

2.4.3. Simple compression tests

Simple compression tests were carried out on CEBs, CSEBs AEB and ASEBs 4x4x4cm3 specimens,
stabilized with 4% and 8% cement after 28 days using the electric press of brand impact. It
weighs 5 tons and have a charge rate of 0.03 mm/s.

2.5. Absorption of CEBs, CSEBs, AEBs and ASEBs

This test consists of immersing CEBs, CSEBs, AEBs and ASEBs of 4x4x16cm3 in a container of
water for 5 hours for the AEBs and ASEBs. However 5 days for the CEBs and CSEBs, then
measuring the increase in the wet weight of the mass my compared to the dry weight m; initially
measured before immersion. A rapid depigmentation is observed after two hours of immersion
on AEBs compared to CEBs.

3. Results and discussion

3.1. Geotechnical properties

The results of the geotechnical identification tests are presented in the following, including the
complete particle size distribution, Atterberg limits and methylene blue test.

+ Complete particle size distribution

The three soil samples analysed are recommended for the manufacturing of CEBs according to
the NF P94-056 and NF P94-057 standards, which define the range of the recommended spindle
(Figure 2).

This spindle has been blacked out as a guide, only a small overflow of the GAD curve out of the
low spindle is observed, but this does not have a significant influence. The proportions of gravel,
sand, silt and clay grains in our samples are shown in the Table 1.

Table 1. Proportions of gravel, sand, silt and clay (MAI, BAM and GAD).

% % %
q:/(;Gz%%\éilr;l SAND SILT CLAY
20<®d<2000um | 2<P<20 pm d< 2 um
MAI 1,5 53,3 28,2 17
BAM 14 48,2 14,3 23,5
GAD 10,5 55,5 26 8
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Fig. 2. Complete particle size distribution curve of MAI, BAM and GAD soil samples.

The triangular classification of soil, presents the ideal zone of the soils (Figure 3).
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Fig. 3. Triangular classification of soil.

In addition, the GAD soil with the lowest clay content is the least resistant though the results are
quite comparable. The most resistant is the BAM soil with higher clay content. The clay acts as a
binder in the production of CEBs. The analysis of findings shows that, the highest proportions of
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grains in GAD samples are sand and silt, so we have sandy-silt type soils in out of the ideal zone.
Whereas sand and clay are the highest proportions of grains in MAI and BAM, so we have sandy-
silt-clay in the ideal zone.

Atterberg limits

The liquidity and plastic limits and the plasticity index are summarised in table 2:

Table 2. Atterberg limits.

Atterberg limits
No Sample LL (%) PL (%) PI (%)
1 MAI 443 26.1 18.6
2 BAM 43.59 24.18 19.4
3 GAD 44.66 24.33 20.32

For the plasticity index (PI) of these samples ranged from 15 - 40, we have plastic soils according
to the french standard NF 94-051.
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Fig. 4. Plasticity chart for soils specified in the XP P 13-901 standard.

Standard NF P 94-051 recommends for the manufacture of CEBs, soils whose properties belong
to the spindle of the plasticity chart in Figure 4. This is the case for BAM and GAD samples, the
MAI sample is at the limit of the recommended range.

Methylene blue test

The results of the methylene blue test are presented in Table 3.
Table 3. Methylene Blue value, Specific Surface Area (SP) and Blue Activity Index (Acs)

NO Sample VBS (g/100g) SPm?/g) Acs

1 MAI 4.33 90.93 11.04
2 BAM 2.5 52.5 07.09
3 GAD 3.16 66.48 10.25

The sample with the lowest clay content is that of BAM with 52.5m?2 per 1g. With regard to the
blue activity index, all three samples are between 5 and 13, so we have soils with medium active
clay levels according to the standard NF P 94 - 068 (Chrétien and Fabre, 2007).
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3.2. Three-point bending compression strength of the CEBs and CSEBs

The results of the maximum stresses of the three-point bending compression tests of the CEBs
and CSEBs specimens are shown in the diagram in Figure 5.
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Fig. 5. Bending compression stress of the CEBs and CSEBs.
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Fig. 7. Bending compression stress based on the strain of BAM.
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Fig. 8. Bending compression stress based on the strain of MAL.

Table 4. Medium bending compression stresses of the CEBs and CSEBs.

Sample Rmoy (0%) | Rmoy (4%) | Rmoy (8%)
MAI 3,37 3,44 4,42
BAM 3,56 3,64 4,29
GAD 3,34 3,42 4,11
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Fig. 9. Evolution of medium bending compression stresses of the CEBs and CSEBs.

We observe that dosages with 8% cement show a clear increase in the average bending stress of
about 25% compared to the reference taken at 0% (Figure 5). This is due to the stabilization rate
(clay + cement) which becomes greater than 30% (Figures 6 to 8). Dosages of 4% produce a
slight average increase of about 4.5%. This is due to the stabilization rate (clay + cement) which
becomes less than 30% (Figures 6 to 8). Our experimental results show that the three-point
bending compression strain values for 4% and 8% CSEBs are higher than those of Morel (Morel
et al, 2002). Akpokodje examined the effect on the strength of soil with different cement
contents. He found that, adding cement to a soil significantly increases its compressive strength

(Akpokodje, 1985).

3.3. Simple compression stress of the CEBs and CSEBs

The results of the maximum stresses of the simple compression tests of the CEBs and CSEBs
specimens are shown in Figure 10.
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Fig. 10. Simple compression stress of the CSEBs and CEBs specimens.
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Fig. 11. Simple compression stress based on the strain of MAL
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Fig. 12. Simple compression stress based on the strain of BAM.
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Fig. 13. Simple compression stress based on the strain of MAL.

Table 5. Medium simple compression stresses of the CSEBs and CEBs.

Sample | Rcmoy (0%) | Rcmoy (4%) | Rcmoy (8%)
MAI 4,1 4,24 5,18
BAM 4,3 4,43 5,2
GAD 4,02 4,15 5,04
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Fig. 14. Evolution of medium simple compression stresses of the CEBs and CSEBs.

The results of the maximum stresses of the simple compression tests of the CEBs and CSEBs
specimens are shown in the diagram in Figure 10. Here, dosages with 8% cement show an
increase in the average compression stress of about 25.55% compared to the reference taken at
0% (Figure 10). These results are in agreement with those of Bahar (Bahar et al, 2004) who
showed that the compression and tensile stress by splitting increases with increasing cement
content. Our results are also in agreement with those obtained by Ntamack (Ntamack et al,
2012) on cement stabilization. They also show 4% higher stabilized simple compression stress
values obtained by Bahar and Tran. Whereas our values are 8% lower as compared to Tran own
and higher than that of Bahar (Bahar et al, 2004; Tran et al, 2018).

3.4. Three-point bending compression strength of the AEBs and ASEBs

The results of the maximum stresses of the three-point bending compression tests AEBs and
ASEBs specimens are shown in the diagram in Figure 15.
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Fig. 15. Three-point bending compression stress of the AEBs and ASEBs.
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Fig. 16. Variation of the bending compression stress with the strain of MAI (0%, 4% and 8%).
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Fig. 17. Variation of the bending compression stress with the strain of BAM (0%, 4% and 8%).
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Fig. 18. Variation of the bending compression stress with the strain of GAD (0%, 4% and 8%).

Table 6. Medium bending compression stresses of the AEBs and ASEBs.

Sample | Rmoy (0%) | Rmoy (4%) | Rmoy(8%)
MAI 2,42 2,52 2,95
BAM 2,58 2,66 3,09
GAD 2,39 2,5 2,84
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Fig. 19. Evolution of medium bending compression stresses of the AEBs and ASEBs.

Here, dosages with 8% cement show an increase in the average bending stress of about 23.02%
compared to the reference taken at 0% (Figure 15). This is due to the stabilization rate (clay +
cement) which becomes greater than 30% (Figures 16 to 18). Dosages of 4%, produces a slight
average increase of about 5.49%. This is due to the stabilization rate (clay + cement) which
becomes is less than 30% (Figures 16 to 18).

3.5. Simple compression strength on AEBs and ASEBs

The results of the maximum stresses of the simple compression tests AEB and ASEBs at 4% and
8% on 4x4x4cm3 specimens are shown in the diagram in Figure 20.
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Fig. 21. Variation of simple compression stress of the strain of MAL
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Fig. 22. Variation of simple compression stress of the strain of BAM.
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Fig. 23. Variation of simple compression stress of the strain of GAD.

Table 7. Medium simple compression stresses of AEBs and ASEBs.

Sample | Rcmoy (0%) | Rcmoy (4%) | Rcmoy (8%)
MAI 2,67 2,74 3,24
BAM 2,77 2,86 3,37
GAD 2,47 2,55 3,07
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Fig. 24. Evolution of medium simple compression stresses of the AEBs and ASEBs.

The results of the maximum stresses of the simple compression tests AEBs, ASEBs at 4% and 8%
on 4x4x4cm3 specimens are shown in the diagram in Figure 20. Here, dosages with 8% cement
show an increase in the average bending stress of about 22.85% compared to the reference
taken at 0% (Figure 20). This is due to the stabilization rate (clay + cement) which becomes
greater than 30% (Figures 21 to 23). The dosages of 4% produce a slight average increase of
about 3.14%. This is due to the stabilization rate (clay + cement) which becomes is less than
30% (Figures 21 to 23). Our results show higher values of simple compression stress stabilized
at 0% and 8% cement compared to the studies of Dao (Dao et al, 2018). Nevertheless, our values
are 4% lower than the results of the latter.

3.6. Absorption rates of CEBs and CSEBs

Results obtained by immersing our CEBs and CSEBs specimens for 5 days. These specimens
CEBs and CSEBs at 4% and 8% respectively and are shown in Figures 25 to 27.
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Fig. 25. Absorption rate of CEBs at 0%.
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Fig. 26. Absorption rate of CSEBs at 4%.
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Fig. 27. Absorption rate of CSEBs at 8%.

We can observe how immersion time and cement dosage levels influence the rate of absorption
of the CEBs. A clear decrease in the rate of absorption is obtained when the dosage of stabilizer
is increased (Figures 25 to 27), thus cement stabilization considerably reduces the porosity of
CSEBs. These findings corroborate Meukam (Meukam al. 2004) studies, which show that the
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addition of cement has a beneficial effect on the water absorption of stabilized earth blocks.
Indeed, he found that the rate of water absorption decreases as the cement content increases.
This results in the interaction between clay and cement. The increasing of the cohesive strength
of the particles reduces the porosity.

3.7. Absorption rates of AEBs and ASEBs

The results were obtained by immersing our AEBs and ASEBs specimens in water for 5 hours.
This happens because of their high sensitivity to water, which causes them to depigment rapidly
after a few hours of immersion, because of their high porosity. These specimens AEBs at 0% and
ASEBs at 4% and 8% respectively are shown in Figures 28 to 30.
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Fig. 28. Absorption rate of AEBs at 0%C.
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Fig. 29. Absorption rate of ASEBs at 4%C.

In addition, the cement dosage levels also influence the absorption rate of AEBs, with a decrease
in absorption rate being observed when the cement dosage increases, in Figures 28 to 30. The
same reaction is observed as in ASEBs, with a water absorption rate that decreases with
increasing cement, but with a better result at 8% compared to 4% cement. We can observe how
immersion time and cement dosage levels influence the rate of absorption of the CEBs.
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Fig. 30. Absorption rate of ASEBs at 8%C.

3.8. Medium stresses comparison between CEBs, CSEBs, AEBs and ASEBs

The results of the means stress comparison of the simple compression and the three-point
bending compression between CEBs, CSEBs, AEBs and ASEB are present in the tables 8 to 15.

3.8.1. Means stress comparison of the bending compression strength between CSEs, CSEBEs,
AEBs and ASEBs

The results of the medium stresses comparison of the three-point bending compression between
CEBs, CSEBs, AEBs and ASEBs are present in the Tables 8 to 11.

Table 8. Medium bending compression stresses of CSEs, CSEBs and AEBs, ASEBs

Proportions AEBs | CEBs | ASEBs | CSEBs | ASEBs | CSEBs
NO | Soil | Gravel +Sand | Silt Clay Rcm (0%) Rcm (4%) Rcm (8%)
1 | MAI 54,8 28,2 17 2,42 3,37 2,52 3,44 2,95 4,42
2 | BAM 62,2 14,3 | 23,5 2,58 3,56 2,66 3,64 3,09 4,29
3 | GAD 66 26 8 2,39 3,34 2,50 3,42 2,84 4,11

Table 9. The gain of the medium bending compression str

esses of CEBs and AEBs at 0%.

Proportions AEBs CEBs CEBs/AEBs
NO | Soil | Gravel + Sand | Silt Clay Rcm (0%) Rcm (0%) Gain
1 | MAI 54,8 28,2 17 2,42 3,37 39%
2 | BAM 62,2 14,3 | 235 2,58 3,56 38%
3 | GAD 66 26 8 2,39 3,34 40%

Table 10. The gain of the medium bending compression stresses of CSEBs and ASEBs at 4%.

Proportions AEBs CEBs CEBs/AEBs
NO | Soil | Gravel +Sand | Silt Clay Rem (4%) Rcm (4%) Gain
1 | MAI 54,8 28,2 17 2,52 3,44 37%
2 | BAM 62,2 14,3 | 23,5 2,66 3,64 37%
3 | GAD 66 26 8 2,50 3,42 37%

Table 11. The gain of the medium bending compression stresses of CSEBs and ASEBs at 8%.

Proportions AEBs CEBs CEBs/AEBs
NO | Soil | Gravel + Sand | Silt Clay Rcm (8%) Rcm (8%) Gain
1 | MAI 54,8 28,2 17 2,95 4,42 50%
2 | BAM 62,2 14,3 | 23,5 3,09 4,29 39%
3 | GAD 66 26 8 2,84 4,11 45%
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The results were obtained for three-point bending compression for a cement dosage of 8%,
there is also an increase in stress of about 45% for the CSEBs compared to the ASEBs. On the
other hand, for a dosage of 4%, we observe a slight increase in stress by three-point bending
compression of around 37% for CSEBs compared to the ASEBs. For a dosage of 0%, we observe a
slight increase in stress by the three-point bending compression of around 39% for CEBs
compared to the AEBs.

3.8.2. Means stress comparison of the simple compression stress between CEBs, CSEBs, AEBs
and ASEBs

The results of the medium stresses comparison of the simple compression between CEBs, CSEBs,
AEBs and ASEBs are present in Tables 12 to 15.

Table 12. Medium simple compression stresses of CEBs, CSEBs, AEBs and ASEBs.

Proportions AEBs | CEBs | ASEBs | CSEBs | ASEBs | CSEBs

NO | Soil | Gravel +Sand Silt Clay Rcm (0%) Rcm (4%) Rcm (8%)

1 MAI 54,8 28,2 17 2,67 4,10 2,74 4,24 3,24 5,18

2 | BAM 62,2 14,3 23,5 2,77 4,30 2,86 4,43 3,37 5,20

3 | GAD 66 26 8 2,47 4,02 2,55 4,15 3,07 5,04

Table 13. The gain of the medium simple compression stresses of CEBs and AEBs at 0%.

Proportions AEBs CEBs CEBs/AEBs

NO | Soil | Gravel + Sand | Silt Clay Rcm (0%) Rcm (0%) Gain

1 MAI 54,8 28,2 17 2,67 4,10 54%

2 | BAM 62,2 14,3 23,5 2,77 4,30 55%

3 GAD 66 26 8 2,47 4,02 63%

Table 14. The gain of the medium simple compression stresses of CSEBs and ASEBs at 4%.

Proportions AEBs CEBs CEBs/AEBs

NO | Soil | Gravel + Sand | Silt Clay Rcm (4%) Rcm (4%) Gain

1 MAI 54,8 28,2 17 2,74 4,24 55%

2 | BAM 62,2 14,3 23,5 2,86 4,43 55%

3 GAD 66 26 8 2,55 4,15 63%

Table 15. The gain of the medium simple compression stresses of CSEBs and ASEBs at 8%.

Proportions AEBs CEBs CEBs/AEBs

NO | Soil | Gravel + Sand | Silt Clay Rcm (8%) Rcm (8%) Gain

1 MAI 54,8 28,2 17 3,24 5,18 60%

2 | BAM 62,2 14,3 23,5 3,37 5,20 54%

3 GAD 66 26 8 3,07 5,04 64%

The findings indicate that dosing with 8% cement results in a clear increase in compression
stress of approximately 59% for CSEBs compared to the ASEBs. On the other hand, for a dosage
of 4%, we observe a slight increase in stress by simple compression of around 58% for CSEBs
compared to the ASEBs. For a dosage of 0%, we observe a slight increase in stress by simple
compression of around 57% for CEBs compared to the AEBs.

Compressed and stabilized earth brings double the benefits of compression and stabilization.
Stabilisation with cement a blend of limestone and clay - can increase the resistance of the earth
block by at least 20%. The cement content in the AEBs can be increased to the desired value for a
given strength. However, when a certain proportion is added, the resistance of the earth block
hardly varies. Hence, compressed earth is less expensive and requires a manual press which can
be easily done. The resistance is enhanced by about 40% in bending and 58% in simple
compression that is two to three times greater than with the addition of cement.
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4. Conclusions

This study aimed at evaluating the effects of cement stabilization on the mechanical
performance of compressed stabilized earth blocks (CSEBs) and adobe stabilized earth bricks
(ASEBs). To this end, the geotechnical properties of the sampled soils were analysed, namely dry
particle size distribution after washing, particle size distribution by sedimentometry, Atterberg
limits (LL, PL and PI), methylene blue test and the preparation of specimens (4x4x16cm3,
4x4x4cm3 and 2x4x8cm3) with different levels of cement (stabilizer) proportions (0%, 04%,
08%). The findings indicate that dosing with 8% cement results in a clear increase in
compression stress of approximately 25.55% for CSEBs compared to the reference set at 0% and
22.85% for ASEBs.

On the other hand, for a dosage of 4%, we observe a slight increase in stress by simple
compression of around 3.26% for CSEBs and 3.14% for ASEBs. For three-point bending
compression for a cement dosage of 8%, there is also an increase in stress of about 25% for the
CSEBs compared to the reference taken at 0% and 23.02% for the ASEBs. However, we observe a
slight increase in stress at 4% by simple compression of around 4.5% for CSEBs and 5.49% for
ASEBs. The results were obtained for three-point bending compression for a cement dosage of
8%, there is also an increase in stress of about 45% for the CSEBs compared to the ASEBs. On the
other hand, for a dosage of 4%, we observe a slight increase in stress by three-point bending
compression of around 37% for CSEBs compared to the ASEBs. For a dosage of 0%, we observe a
slight increase in stress by simple compression of around 39% for CEBs compared to the AEBs.
The findings indicate that dosing with 8% cement results in a clear increase in compression
stress of approximately 59% for CSEBs compared to the ASEBs. On the other hand, for a dosage
of 4%, we observe a slight increase in stress by simple compression of around 58% for CSEBs
compared to the ASEBs. For a dosage of 0%, we observe a slight increase in stress by simple
compression of around 57% for CEBs compared to the AEBs.

In terms of absorption rate, CSEBs resist up to one day before depigmentation is observed,
whereas ASEBs, from the second hour of immersion, depigmentation is already visible. Thus, we
can conclude that CSEBs have a low rate of swelling (porosity), hence a better resistance to
humidity, which makes it on one hand more resistant to mechanical appeals (Three-point
bending compression, simple compression) than CEBs and less absorbing on the other than
AEBs. These findings firstly show that CSEBs are more resistant than ASEBs considering the
maximum stress obtained by each specimen, in the same proportion of stabilized (0%, 4% and
8%) as well as simple compression and three point-bending compressions. With the intent to
obtain the best characteristics of CSEBs and ASEBs from the three types of soil, we recommend a
dosage of about 8% of cement.
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