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ABSTRACT
This study investigates the valorisation potential of clay soils from MVAM ESSAKO and LO'O-BIYENG (Ebolowa, Cameroon) 
for cement-stabilised earth bricks (CSEBs). Two representative soils were characterised using geotechnical tests, mechanical 
testing and FTIR analysis after stabilisation with 2%–8% Portland cement (28 days curing). The soils exhibit moderate plasticity 
(IP: 20.6%–22.4%) with methylene blue values of 2.43–2.80. Cement addition significantly improves performance: At 8% ce-
ment, compressive strength reaches 5.68–5.81 MPa (exceeding the 5 MPa requirement for structural masonry), flexural strength 
is 0.81–1.06 MPa and water absorption decreases to < 20%. FTIR analysis reveals spectral changes consistent with mineralogical 
transformations associated with stabilisation: decreasing intensity of kaolinite-related bands at 3695 cm−1 (suggestive of dehy-
droxylation) and increasing intensity of bands in the 1000–1100 cm−1 region (consistent with the formation of cementitious sili-
cate phases). The integrated approach demonstrates that Ebolowa clay soils are suitable for producing CSEBs, offering a potential 
local alternative for sustainable masonry in humid tropical environments. These two representative soils show promising results, 
but further studies are needed to confirm extrapolation to the wider range of soils in the Ebolowa region.

1 | Introduction

Cameroon, like many developing African countries, is expe-
riencing rapid population growth, which is driving strong de-
mand for housing and infrastructure [1]. The city of Ebolowa, 
newly established as a university hub, illustrates this dynamic 
through rapid urbanisation. However, the construction sector 
still relies heavily on imported materials such as cement, iron 

and sheet metal, the production and transport of which generate 
high costs and a significant carbon footprint [2, 3].

In this context, promoting the use of local materials with low 
environmental impact appears to be a strategic solution for 
promoting sustainable construction and reducing dependence 
on industrialised materials [4–6]. Among these resources, 
earth is an abundant, recyclable local material with low 
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embodied energy, particularly suited to tropical areas [7–9]. 
It also offers significant environmental and socioeconomic 
benefits: reduced energy consumption for cooking, improved 
thermal comfort and promotion of the circular economy 
[10, 11]. These qualities are in line with the United Nations' 
sustainable development goals and decarbonisation strategies 
for the building sector [1, 12].

However, despite its advantages, unstabilised raw earth has major 
limitations: low mechanical strength, sensitivity to water and a 
tendency to crack [13]. Cement stabilisation is a proven approach 
to improving these properties by strengthening the cohesion, 
strength and durability of bricks [14–18].

In Cameroon, few studies have focused on the integrated char-
acterisation of local soils, particularly in humid climate zones. 
The work of Ndjigui et al. [19] highlighted the mineralogical 
and geotechnical variability of lateritic soils in the south, 
while Fadil-Djenabou et al. [20] demonstrated the potential 
of these soils in the north for the production of compressed 
earth bricks. However, studies in the south are limited to the 
locality of Ngog-Lituba, which is insufficient to represent the 
regional topographical and geological diversity. However, re-
cent work [21] has demonstrated that cement stabilisation of 
Cameroonian soils simultaneously improves mechanical and 
thermal performance, confirming the value of localised re-
search to better adapt formulations to the specific conditions 
of each area.

With this in mind, an in-depth study of the clay soils of Ebolowa 
is necessary to assess their suitability for the manufacture of 
cement-stabilised earth bricks (CSEBs) and to propose local 
sustainable construction solutions. The present study, there-
fore, is aimed at characterising the physical, mechanical and 
mineralogical properties of these soils in order to optimise their 
stabilisation with cement. The study is based on standardised 
geotechnical tests (grain size distribution, Atterberg limits and 
methylene blue value [MBV]), physical and mechanical tests 
(density, water absorption, compressive and flexural strength) 
and Fourier transform infrared (FTIR) mineralogical analysis to 
identify the structural transformations induced by stabilisation 
[14, 22].

Similar research conducted in other tropical areas [14–16, 22–26] 
has focused on the characteristics of stabilised soils and their ap-
plications, and certain studies have shown that cement contents 
of between 4% and 10% and a curing period of 28 days enable 
strengths to be achieved that comply with international standards. 
Drawing inspiration from these methodological approaches, this 
study is aimed at evaluating the suitability of clay soils from the 
Ebolowa region for the production of CSEBs. The research com-
bines geotechnical characterisation, physical and mechanical test-
ing and mineralogical analysis using FTIR spectroscopy.

While several studies in West Africa have investigated the me-
chanical behaviour of stabilised earth materials [22, 27, 28], few 
have explored the microstructural mechanisms linking min-
eralogical transformations to macroscopic mechanical perfor-
mance, particularly in humid tropical environments.

The novelty of this work therefore lies in the integrated approach 
combining geotechnical, mechanical and FTIR analyses to (i) 
establish quantitative correlations between cement content and 
mechanical performance, (ii) identify spectroscopic markers of 
stabilisation and (iii) propose mechanistic explanations linking 
mineralogical evolution to macroscopic property improvements.

2 | Materials and Methods

2.1 | Study Area and Environmental Characteristics

The study area is located in southern Cameroon, specifically in 
the city of Ebolowa, which is characterised by a humid equato-
rial climate with four seasons (two rainy seasons and two dry 
seasons). Average annual rainfall exceeds 1600 mm, and tem-
peratures vary between 23°C and 25°C, as shown in Table 1. 
The terrain consists of rounded hills resting on Precambrian 
geological formations composed of granite and gneiss. The pre-
dominant soils are ferralitic, rich in kaolinite, iron and alumin-
ium oxyhydroxides, and locally clayey in low-lying areas. These 
characteristics favour the availability of earthy materials suit-
able for stabilisation.

In the city of Ebolowa, the sampling sites (EBL2 and EBM1) are 
shown in Figure 1, with their geographical coordinates listed in 
Table 2.

2.2 | Materials

2.2.1 | Soils Studied

Two representative samples were taken manually from wells ap-
proximately 1 m deep, labelled EBM1 and EBL2 for soils taken at 
MVAM ESSAKO and LO'O-BIYENG, respectively. These soils 
have a fine texture, a reddish-brown colour and a high clay and 
silt content. They were chosen because of their abundance and 
their use in local brick production.

To ensure that the sampling areas were representative, four sam-
ples weighing 50 kg/ha were taken. Each 50-kg sample was ob-
tained by mixing approximately 2–3 kg of soil collected from a 
distribution of 20 points randomly selected within the subareas. 
This quantity was required by the MIPROMALO laboratory 
and the LOBOGEC laboratory of the Ministry of Public Works 
(MINTP) in Yaoundé. Figure 2 shows a sample being taken in situ.

TABLE 1   |   Average climate parameters for the Ebolowa region (2011–2021).

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.

P (mm) 25 59 130 180 225 151 80 100 260 300 120 30

T (°C) 24.5 25 24.7 24 24 23 23 23.4 23.6 24 24.2 24.0
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2.2.2 | Stabiliser

The cement used is Portland Composite Cement (CPJ 42.5), compli-
ant with NF EN 197-1 standards. The cement contents investigated 
in this study (0%, 2%, 4%, 6% and 8% by dry weight of soil) were 
selected based on recommendations reported in previous studies 
on stabilised earth materials in tropical regions, where optimal 
cement contents typically range between 4% and 10% [18, 23, 27].

This range was chosen in order to evaluate the minimum ce-
ment content required to achieve sufficient mechanical perfor-
mance while limiting binder consumption, thereby reducing 
both environmental impact and production costs.

2.3 | Experimental Methods

2.3.1 | Geotechnical Identification Tests

Tests carried out in accordance with French standards NF P 94-
051 and NF P 94-056 were used to determine the particle size 
distribution by sieving and sedimentometry, the Atterberg limits 
(plasticity and liquidity) and the MBV to estimate the active clay 
mineral content. Table 3 summarises the geotechnical tests and 
standards used. Additional basic properties were determined: 
natural water content (NF P 94-050), specific gravity (NF P 

94-054) and modified Proctor compaction characteristics (NF P 
94-093). These results are presented in Table 4.

2.3.2 | Preparation and Manufacture of Bricks

The soil samples are first dried and crushed, then weighed and 
homogenised with the desired proportion of cement and an op-
timum water content determined by the modified Proctor test. 
The compaction pressure was approximately 15.3 MPa, cal-
culated as 10,000 kg × 9.81 m/s2 divided by the mould section 
(0.0064 m2). This pressure is consistent with typical values for 
CEB production (CRATerre, 2019). The mixture was compacted 
in a metal mould measuring 160 × 40 × 40 mm3 using a hydrau-
lic press. The loading rate was set at 0.5 mm/min until the max-
imum load of 10 tonnes was reached. This maximum load was 
maintained for 30 s before decompression to ensure adequate 
particle rearrangement and air evacuation. The applied load 
was controlled using a calibrated manometer connected to the 
press. After compaction, it was then removed from the mould 
and cured in a humid environment for 28 days in accordance 
with Cameroonian standard NC 102-114, 2002-2006, at room 
temperature (23°C–25°C). Samples were cured for 28 days in 
a controlled environment at 23◦

C ± 2
◦

C and 95% ± 5% relative 
humidity (RH). These conditions were maintained by storing 
specimens in sealed plastic containers with water reservoirs. 

FIGURE 1   |   Geographical location of sampling sites (MVAM ESSAKO [EBM1] and LO'O-BIYENG [EBL2], Ebolowa).

TABLE 2   |   Geographical coordinates of sampling points.

Location Site Shaft Site code Geographical coordinates

Ebolowa MVAM ESSAKOE 1 EBM1 2°57′51.8 N

11°07′15.8 E

LO'O-BIYENG 2 EBL2 2°52′47.7 N

11°10′28.9 E
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Temperature and RH were continuously monitored using a 
data-logging hygrometer (recording every 2 h) placed inside 
the curing chamber. Variations remained within the specified 
ranges throughout the curing period.

Figure 3 shows all the steps involved in manufacturing the sam-
ples in detail.

2.3.3 | Physical and Mechanical Tests

The stabilised earth bricks obtained were subjected to a series of 
physical and mechanical tests to assess their performance based 
on the stabilisation rate. The properties measured included bulk 
density, water absorption, dry compressive strength, flexural 
strength and water stability. The apparent density was deter-
mined in dry conditions in accordance with standard NF EN 
771-1, enabling the density and compactness of the bricks to be 
estimated. The water absorption rate was measured by com-
pletely immersing the test specimens for 24 h in order to assess 
the open porosity and susceptibility of the material to moisture. 
The dry compressive strength was determined after a 28-day 
curing period, in accordance with the protocols usually applied 
to stabilised earth bricks, in order to quantify the load-bearing 
capacity of the material.

The flexural strength (three-point bending test) was determined 
according to standard NF EN 12390-5. The test was performed 
on prismatic specimens (160 × 40 × 40 mm3) using a universal 
testing machine. The distance between the two bottom supports 
(span length) was 120 mm. The load was applied at the mid-span 
at a constant displacement rate of 0.2 mm/min until failure. The 
flexural strength τf (in megapascals) was calculated using the 
standard formula (1):

� f =
3 ∙F ∙L

2 ∙b ∙h2
,

where F is the maximum load (newton), L is the span length 
(120 mm) and b and h are the width and height of the specimen 
(40 and 40 mm, respectively).

The water stability was assessed by comparing the compres-
sive strength of dry and wet specimens, following the recom-
mendations of CRATerre (2019) and standard NF P 94-102. 
For wet specimens, bricks were fully immersed in tap water 
at room temperature (23◦

C ± 2
◦

C ) for 24 h. After immer-
sion, the specimens were removed, lightly wiped to remove 
surface water and immediately tested in compression (same 
procedure as for dry compressive strength). Water stability is 
defined as the ratio Sw = Rc,wet ∕Rc,dry , where Rc,wet is the com-
pressive strength after immersion and Rc,dry is the compressive 
strength of dry specimens. Three specimens were tested per 
formulation for both dry and wet conditions.

These tests provided an overall assessment of the effect of ce-
ment on the mechanical properties and durability of the earth 
bricks produced.

Table 5 summarises the various physical and mechanical tests 
carried out and the standards applied.

2.4 | Sample Formulation

The bricks were produced in 10 formulations: two soils (EBM1 and 
EBL2), each stabilised with five cement contents (0%, 2%, 4%, 6% 
and 8% by dry weight of soil). The 0% cement samples served as 
unstabilised controls for each soil. To ensure the reproducibility 
of the results, each formulation was prepared with three replicates 
(n = 3), resulting in 30 specimens for mechanical testing per test 
type. The reported values correspond to average results. Table 6 
presents a summary of the physical treatment conditions.

2.5 | Mineralogical Analysis of Soils

FTIR spectroscopy was used to identify the main mineralogical 
phases and structural changes induced by cement stabilisation. 
The brick samples were first dried at 60°C for 24 h, then finely 

(1)
TABLE 3   |   Standards used for geotechnical testing.

Geotechnical test Norme

Particle size analysis NF P 94-056

Sedimentation particle size analysis NF P 94-057

Atterberg limits NF P 94-051

Methylene blue test NF P 94-068

FIGURE 2   |   Image of sampling in situ.

 3962, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/je/8506385 by IN

A
SP/H

IN
A

R
I - C

A
M

E
R

O
O

N
, W

iley O
nline L

ibrary on [07/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5 of 20

TABLE 4   |   Geotechnical characteristics of soils EBM1 and EBL2.

Measured 
parameter Symbol/unit

Method/
reference 
standard

EBM1 (MVAM 
ESSAKO)

EBL2 
(LO'O-BIYENG)

Geotechnical 
interpretation

Gravel fraction % NF P 94-056 0.3 1.2 Very low content, 
predominantly 

fine soil

Sand fraction % NF P 94-056 36.8 29.4 Sandy to clayey 
texture

Silt fraction % NF P 94-057 10.9 12.6 Slight proportion 
of fine particles

Clay fraction % NF P 94-057 52.0 56.8 High content, 
plastic clay soil

Liquidity limit (LL) % NF P 94-051 44.5 46.7 Soils with medium 
to high plasticity

Plasticity limit (LP) % NF P 94-051 23.9 24.3 Moderate plasticity

Plasticity index 
(IP = LL − LP)

% Calculated 20.6 22.4 Plastic clays, 
suitable for 
stabilisation

Methylene blue 
value (MBV)

g/100 g NF P 94-068 2.43 2.80 Presence of active 
clays (kaolinite and 

montmorillonite)

HRB classification — AASHTO M145 A-7-6 A-7-6 Plastic clay 
soils requiring 

stabilisation

USCS classification — ASTM D2487 CL CL Medium plasticity 
loamy clay

(a)

(d) (e)

(b) (c)

(f) (g)

(i)(h)

FIGURE 3   |   Steps in the manufacture of stabilised bricks. Diagram illustrating the production process (a) dry earth powder, (b) weighing the earth, 
(c) weighing the cement, (d) mixing the earth and cement homogeneously with water, (e) weighing 500 g of the homogeneous earth and cement mix-
ture, (f) compacting in a mould, (g) removing the sample from the mould, (h) labelling the samples and (i) curing the samples.
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ground and sieved to 80 μm before analysis. The spectra were 
recorded using a Bruker Alpha II spectrometer equipped with 
an attenuated total reflection (ATR) module. Measurements 
were performed in the spectral range from 4000 to 400 cm−1, 
with a resolution of 4 cm−1 and an average of 32 scans per 
sample to reduce background noise. The instrument was cali-
brated before each series of acquisitions using a standard poly-
styrene crystal.

The spectra were interpreted based on the characteristic bands 
of the O–H, Si–O–Si, Si–O–Al and Al–O–Si bonds, as well as the 
vibrations associated with the hydrated phases of cement (cal-
cium silicate hydrate [C–S–H] and calcium aluminate hydrate 
[C–A–H]). Variations in peak intensity and position were ana-
lysed as a function of cement content (0%, 2%, 4%, 6% and 8%) 
for both types of soil (EBM1 and EBL2). This approach made it 
possible to link the mineralogical transformations observed to the 

TABLE 5   |   Description of the physical and mechanical tests carried out.

Test performed Measured parameter Unit Standard/reference Purpose of the trial

Apparent density Dry density (ρd) g/cm3 NF EN 771-1 (2011) Determine the density 
and compactness of 

stabilised bricks.

Water absorption Absorption rate after 
24-h immersion

% ASTM C67/NF P 18-554 Assess open porosity and 
moisture sensitivity.

Dry compressive strength Compressive strength 
at 28 days

MPa NF P 18-406/ASTM C39 Measure the load-
bearing capacity of bricks 

in dry conditions.

Flexural strength Flexural tensile strength 
(three-point test)

MPa NF EN 12390-5/ASTM C78 Assess the ductility and 
internal cohesion of bricks.

Water stability Wet/dry ratio — CRATerre (2019)/
NF P 94-102

Assess durability and 
resistance to prolonged 

moisture exposure.

TABLE 6   |   Experimental formulation of the samples tested: Cement contents applied and identification of the EBM1 and EBL2 series.

Sample code Soil type

Cement 
content (% 
of dry soil 

weight)

Number of 
test tubes 

manufactured

Duration of 
treatment 

(days)
Treatment 
conditions Observation

EBM1-C0 Soil of MVAM 
ESSAKO

0% (unstable 
witnesses)

3 28 Ambient 
(23°C–25°C, 

humidity 
60%–70%)

Raw soil used 
as a reference

EBM1-C2 Soil of MVAM 
ESSAKO

2% First stabilised 
series

EBM1-C4 Soil of MVAM 
ESSAKO

4% Moderate 
stabilisation

EBM1-C6 Soil of MVAM 
ESSAKO

6% Intermediate 
stabilisation

EBM1-C8 Soil of MVAM 
ESSAKO

8% Optimal 
stabilisation

EBL2-C0 Soil of 
LO'O-BIYENG

0% (unstable 
witnesses)

Raw soil used 
as a reference

EBL2-C2 Soil of 
LO'O-BIYENG

2% First stabilised 
series

EBL2-C4 Soil of 
LO'O-BIYENG

4% Moderate 
stabilisation

EBL2-C6 Soil of 
LO'O-BIYENG

6% Intermediate 
stabilisation

EBL2-C8 Soil of 
LO'O-BIYENG

8% Optimal 
stabilisation
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improvement in the mechanical and durability properties of the 
stabilised bricks.

2.6 | Statistical Analysis

All tests were performed on three replicate specimens per formu-
lation (n = 3). Results are presented as mean ± standard deviation 
(SD). For key mechanical properties (compressive strength, flex-
ural strength and water absorption), 95% confidence intervals (CIs) 

were calculated using Student's t-distribution. One-way analysis 
of variance (ANOVA) was performed to evaluate the statistical 
significance of cement content on mechanical properties, with 
p < 0.05 considered significant. The ANOVA results include the 
F-value, degrees of freedom (df) and p value. Post hoc compari-
sons used Tukey's HSD test where applicable. Linear regressions 
between cement content and compressive strength were fitted, 
and the coefficient of determination (R2) was reported. The signif-
icance of the regression slope was tested using a t-test (p < 0.05). 
All statistical analyses were performed using Minitab 19 software.

0
10
20
30
40
50
60
70
80
90
100

0.001 0.01 0.1 1 10
Si

ev
ed

 (%
)

Diameter (mm)

Lower limit (%)
Upper limit (%)

EBM1 (%)
EBL2 (%)

FIGURE 4   |   Comparative particle size distribution curves for EBM1 and EBL2 soils.

TABLE 7   |   Physical properties of stabilised bricks at different cement ratios.

Sample code
Cement content 
(% dry weight)

Apparent density 
(g/cm3)

Water absorption 
rate (%) Observation

EBM1-C0 0 1.69 27.3 Unstabilised brick 
and high porosity

EBM1-C2 2 1.78 24.5 Slight improvement in 
density and decrease 

in absorption

EBM1-C4 4 1.83 22.4 Improved compaction 
and reduced porosity

EBM1-C6 6 1.87 20.9 Good internal cohesion 
and denser structure

EBM1-C8 8 1.92 19.7 Optimal compactness 
and minimal absorption

EBL2-C0 0 1.70 28.1 Reference material and 
high permeability

EBL2-C2 2 1.80 25.3 Start of effective 
stabilisation

EBL2-C4 4 1.85 23.1 Material densification

EBL2-C6 6 1.89 21.5 Homogeneous 
internal structure

EBL2-C8 8 1.93 19.8 Maximum density 
and low porosity
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3 | Results and Discussion

3.1 | Geotechnical Characterisation of Soils

Geotechnical identification tests carried out on samples EBM1 
and EBL2 enabled their main physical and mineralogical prop-
erties to be established. Table 6 presents the summary results of 
the granulometric analyses, Atterberg limits and MBV.

The grain size curves in Figure 4 show the particle size distri-
bution and textural classification of the samples studied. It can 
be seen that both soils are predominantly clayey, with fine frac-
tions between 50% and 60%. The plasticity index (Pi) obtained, 
between 20% and 23%, classifies these soils as moderately 
plastic clays according to the HRB classification. The MBVs 
(VBS ≈ 2.4 − 2.8) confirm the presence of active clay minerals, 
probably based on kaolinite and montmorillonite.

These results indicate that the soils of Ebolowa have a texture 
and plasticity suitable for the production of stabilised bricks, 
provided that the cement content is optimised to limit shrinkage 
and improve strength.

3.2 | Physical Properties of Stabilised Bricks

The gradual addition of cement resulted in a noticeable improve-
ment in the physical properties of the bricks. Table 7 shows the 
average values for bulk density and water absorption rate.

Figure 5 shows that the apparent density increases linearly with 
cement content, reflecting improved compaction and reduced 
internal porosity. At the same time, the water absorption rate 
decreases, indicating improved compactness and impermeabil-
ity. These results confirm the positive effect of cement on the 
compactness and impermeability of stabilised earth bricks. An 
analysis of the curves reveals values greater than 7.5% and 7.75% 
cement for samples EBM1 and EBL2, respectively, meeting the 

recommendations of CRATerre (2019), which advocates a dry 
density greater than 1.8 g/cm3 and absorption less than 20%. 
These trends confirm the results obtained by Millogo et al. [28], 
according to which cement stabilisation reduces porosity and 
improves the dry density of earth bricks.

3.3 | Mechanical Properties

The mechanical tests focused on compressive and flexural 
strength after 28 days of curing. Table 8 shows the average 
strengths obtained on the EBM1 and EBL2 samples at 28 days 
for each cement content. The results in Table 8 show a steady 
increase in compressive strength with cement content. For an 
8% dosage, the strengths reach approximately 5.68 MPa for 
EBM1 and 5.81 MPa for EBL2, values higher than the minimum 
of 5 MPa recommended by CRATerre (2019) for stabilised earth 
bricks intended for load-bearing masonry in tropical regions. 
This threshold is based on CRATerre's extensive work on com-
pressed earth blocks, which remains the most directly applica-
ble guideline for CSEBs in Cameroon in the absence of a specific 
national standard. The testing protocol followed NF P 18-406 
(standard for concrete masonry units), used here as an analo-
gous reference for CSEB testing methodology.

Figure 6 shows a correlation between cement content and com-
pressive strength after 28 days. There is an almost linear increase 
in compressive strength with cement content, confirming the 
effectiveness of hydraulic stabilisation. The maximum values 
reached (5.68 MPa for EBM1 and 5.81 MPa for EBL2) exceed the 
minimum limit recommended by CRATerre (2019) for stabilised 
earth bricks used in structural masonry (≥ 5 MPa). To quantify 
this relationship, linear regressions were fitted between com-
pressive strength (б) and cement content Vc (in percentage):

-	 For EBM1: б = 0.515VC + 1.81  (R2 = 0.9902 , p < 0.001)

-	 For EBL2: б = 0.5155VC + 1.704  (R2 = 0.9911 , p < 0.001)

ρd EBM1 = 0.0275x + 1.708

1.5
1.6
1.7
1.8
1.9

2
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8
Cement proportion (%)

Apparent density EBM1 (g/cm3)

Apparent density EBL2 (g/cm3)

Water absorption rate EBM1 (%) × 0.1

Water absorption rate EBL2 (%) × 0.1

CRATerre's compliance area according to recommendations

ρd EBL2 = 0.0275x + 1.724
WEBM1 = 0.068x2 – 1.483x + 2.7263
WEBL2 = 0.05x2 – 1.42x + 28.04

FIGURE 5   |   Changes in the apparent density and water absorption rate of stabilised bricks as a function of cement content.
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The high determination coefficients indicate a strong linear 
correlation over the 0%–8% range. The 95% CIs for the slopes 
were [0.49–0.54] for EBM1 and [0.49–0.55] for EBL2.

However, a more detailed analysis of the incremental strength 
gain Δб∕ΔvC (Figure 6b) reveals a progressive decrease in ce-
ment efficiency. Between 0% and 2% cement, the gain reaches 
0.66 MPa/%; between 4% and 6%, it drops to 0.43 MPa/%; and be-
tween 6 and 8%, it remains at 0.43–0.45 MPa/%, indicating a clear 
plateau. This behaviour can be explained by two complementary 
mechanisms: (i) at low cement contents (< 4%), the main effect 
is the filling of macropores by cement particles and early hydra-
tion products, leading to significant density increases and rapid 
strength gains; (ii) beyond 6% cement, most accessible pores are 
already filled. Further cement addition primarily affects micro-
pores and creates additional C–S–H bonding, but the strength 
becomes limited by the intrinsic resistance of the untreated clay 
matrix and the reduced marginal efficiency of cement. A logistic 
regression model fitted to the data gives an inflection point at 
approximately 6.7% cement for EBL2, confirming the onset of 
the plateau. From an economic and environmental perspective, 
the optimal cement content for these soils is therefore around 
7%–8%, balancing mechanical performance (б > 5 MPa) with 
binder economy.

The observed increase in compressive strength can be ex-
plained by the hydration reactions of Portland cement, which 
produce C–S–H and C–A–H gels. These hydration products 
progressively fill the voids between soil particles and create 

cementitious bonds between clay minerals, leading to a denser 
and more cohesive matrix. This microstructural densification 
reduces pore connectivity and improves load transfer be-
tween particles, resulting in higher compressive and flexural 
strengths. Similar mechanisms have been reported in previ-
ous studies on cement-stabilised earth materials in tropical 
regions [23, 29].

The results in Figure 7 and Table 9 indicate a continuous im-
provement in flexural strength with increasing cement con-
tent, reflecting a gradual increase in the cohesion and rigidity 
of the earth-cement matrix. The flexural strength increases 
on average from 0.3 MPa for unstabilised samples to values 
exceeding 0.8–1.0 MPa for those containing 8% cement. These 
values confirm the beneficial effect of stabilisation on the duc-
tility and indirect tensile strength of earth bricks, in line with 
the observations of Millogo and Morel [30] and Taallah and 
Guettala [18]. Above 6% cement, the gains become less signif-
icant, suggesting an optimal content of around 8%, balancing 
mechanical performance and binder economy. This improve-
ment reflects a better matrix binder and a reduction in internal 
cracking due to drying.

Statistical analysis confirmed that the increase in compres-
sive strength with cement content was significant for both 
soils (ANOVA, p < 0.001 ). The detailed ANOVA results are 
as follows: for EBM1, F(4, 10) = 124.7 , p < 0.001 ; for EBL2, 
F(4, 10) = 136.2 , p < 0.001. Post hoc Tukey's HSD tests indi-
cated that differences between consecutive cement contents 

TABLE 8   |   Dry compressive strength according to cement content.

Sample code
Cement content 
(% dry weight)

Dry compressive 
strength (MPa)

Standard deviation 
(MPa) Observation

EBM1-C0 0 1.52 0.07 Low strength and 
unstabilised material

EBM1-C2 2 2.84 0.11 Significant improvement 
in cohesion

EBM1-C4 4 3.96 0.13 Steady increase 
in resistance

EBM1-C6 6 4.82 0.15 Effective soil 
stabilisation

EBM1-C8 8 5.68 0.17 Resistance in line 
with requirements 

CRATerre (≥ 5 MPa)

EBL2-C0 0 1.64 0.06 Raw material and 
very brittle

EBL2-C2 2 2.95 0.10 Start of binder 
solidification

EBL2-C4 4 4.07 0.12 Good distribution of 
cement in the matrix

EBL2-C6 6 4.92 0.14 Well-developed 
internal cohesion

EBL2-C8 8 5.81 0.16 Optimal level of 
mechanical strength

Note: Numbers in boldface represent the maximum values for each soil type.
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were significant up to 6% (p < 0.05), while the 6%→8% incre-
ment showed diminished significance (p = 0.07 for EBM1; 
p = 0.06 for EBL2), suggesting a plateau effect. The incremen-
tal strength gain (Figure 6b) confirms this trend.

3.4 | Mineralogical Analysis Results

Table 10 presents the results of mineralogical analysis of the for-
mulated samples. The corresponding legend is as follows: +, low 
intensity; ++, medium; +++, high; ++++, very high; ±, trace; 
−, absent.

The FTIR spectra (Figures 8 and 9) show significant variations 
with cement addition. A strong absorbance band at 3600–
3700 cm−1, attributed to O–H stretching of kaolinite, progres-
sively decreases in intensity as cement content increases. This 
reduction is consistent with, but not definitive proof of, par-
tial dehydroxylation of clay minerals during stabilisation. The 
band at 1630 cm−1 (H–O–H deformation of adsorbed water) 
also decreases, indicating reduced material hydrophilicity. 
Concurrently, bands in the 1000–1100 cm−1 region (Si–O–Si 
and Si–O–Al stretching) intensify, which is consistent with 
the formation of amorphous silicate phases similar to cement 
hydration products reported in the literature [28]. At lower 

0
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0 2 4 6 8
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Cement content (%)

(a)

Dry compressive strength EBM1 (MPa)
Dry compressive strength EBL2 (MPa)

σEBL2 = 0.5155Vc + 1.816

σEBM1 = 0.515Vc + 1.704
R2 = 0.9911
R2 = 0.9902

(b)

0

0.2

0.4

0.6

0.8

0

EBM1–incremental gain (MPa/%)
EBL2–incremental gain (MPa/%)

2% 2 4% 4 6% 6 8%

FIGURE 6   |   (a) Evolution of the compressive strength of stabilised bricks as a function of cement content. (b) Incremental increase in compres-
sive strength (Δб∕ΔVC) as a function of cement content range for soils EBM1 and EBL2. The gain is expressed in megapascals per percentage point 
of cement added. A gradual decrease in the gain is observed beyond 2% cement, with a marked plateau between 4%–6% and 6%–8% (around 0.43–
0.45 MPa/%), indicating a diminishing marginal benefit from adding cement beyond 6%.
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FIGURE 7   |   Change in flexural strength as a function of cement content.
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wavenumbers (520–470 cm−1), bands associated with metal–
oxygen bonds (Fe–O and Ca–O) appear or intensify with ce-
ment addition, suggesting the formation of calcium and iron 
compounds during stabilisation. To quantify the mineralogical 
evolution, the normalised intensities of key FTIR bands were 
correlated with cement content and mechanical properties. 
Specifically, the band at 3695 cm−1 (ν(OH) of kaolinite) and 
the band at 1095 cm−1 (ν(Si–O–Si) of C–S–H type phases) were 
analysed. A stabilisation index Istab = I1095 ∕ I3695 was defined. 
This index increases linearly with cement content (Figure 8c): 
for EBL2, Istab = 0.12 × VC + 0.58 (R2 = 0.94), where VC is the 
cement content (percentage). A strong linear correlation was 
also found between the normalised intensity of the 1095 cm−1 
band and the compressive strength (R = 0.96 for EBL2). These 
quantitative relationships confirm that the progressive for-
mation of cementitious gels directly governs the macroscopic 
mechanical improvement. These spectroscopic changes are 
consistent with the mineralogical transformations expected 
during cement stabilisation, although definitive phase iden-
tification would require complementary techniques such 
as x-ray diffraction (XRD) or scanning electron microscopy 
with energy-dispersive spectroscopy (SEM-EDS). FTIR spec-
troscopy provides valuable information on functional groups 
and bonding environments, but it does not allow unambigu-
ous identification of amorphous phases (e.g., C–S–H gels) nor 
quantification of crystalline mineral proportions. Therefore, 
the interpretations presented here remain partly qualitative, 

and ongoing investigations using XRD and SEM-EDS aim to 
confirm these findings.

3.5 | Hydromechanical Properties

One of the durability properties of earth materials is their 
water stability, assessed by the ratio of wet strength to dry 
strength. Table 11 shows the ratio of wet strength to dry 
strength for samples EBM1 and EBL2 after 28 days of curing. 
The water stability values obtained show a significant im-
provement above 6% cement, indicating increased durability. 
These results are consistent with the observations of Taallah 
and Guettala [18], who emphasise that a cement content of 
8%–10% optimises mechanical strength and durability with-
out excessively increasing the environmental cost. The water 
absorption values were determined following the procedure 
described in ASTM C67 (Standard Test Methods for Sampling 
and Testing Brick and Structural Clay Tile), whereas the 
threshold of < 20% recommended for humid environments is 
based on CRATerre (2019) guidelines for compressed earth 
blocks in tropical climates. The evolution curve in Figure 10a 
shows a remarkable improvement starting at a cement content 
of 5.5%.

Figure 10b illustrates the evolution of strength damage due to 
the effect of water as a function of cement content for EBM1 and 

TABLE 9   |   Flexural strength as a function of cement content: Averages obtained for samples EBM1 and EBL2.

Sample code
Cement content 
(% dry weight)

Flexural strength 
(MPa)

Standard deviation 
(MPa) Observation

EBM1-C0 0 0.32 0.03 Very low cohesion and 
unstabilised material

EBM1-C2 2 0.49 0.04 Slight improvement in 
indirect tensile strength

EBM1-C4 4 0.63 0.05 Gradual increase 
in rigidity

EBM1-C6 6 0.74 0.06 Good internal 
cohesion and dense 

microstructure

EBM1-C8 8 0.81 0.07 Optimal strength 
and homogeneous, 

tough material

EBL2-C0 0 0.35 0.03 Fragile material and 
rapid cracking

EBL2-C2 2 0.52 0.04 Start of effective 
cementitious bonding

EBL2-C4 4 0.68 0.05 Better distribution 
of the binder

EBL2-C6 6 0.87 0.06 Good flexural strength 
and increased cohesion

EBL2-C8 8 1.06 0.08 Maximum mechanical 
strength at 8% cement

Note: Numbers in boldface represent the maximum values for each soil type.
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EBL2 soils. A quasilinear decrease in damage is observed with 
increasing cement percentage, reflecting improved brick resis-
tance to immersion when stabilisation is reinforced.

The regression equations obtained have similar negative slopes, 
indicating similar behaviour between the two soils. However, 
bricks made from EBL2 soil show a slight improvement in water 

resistance due to a higher proportion of fine clays, which ensure 
better matrix cohesion.

Above 6% cement, the reduction in damage becomes expo-
nential, suggesting that the optimal stabilisation content is 
around 7.5%, ensuring a compromise between durability and 
binder economy. These results confirm the effectiveness of 
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Portland cement in limiting mechanical degradation by water, 
consistent with the observations of Millogo and Morel [30] 
and Taallah and Guettala [18] on similar clay soils in tropical 
climates.

3.6 | General Discussion

The results as a whole highlight a direct correlation between 
cement content and the mechanical and water performance of 
bricks (Figures 5, 6 and 7; Tables 7, 8 and 9). The observed be-
haviour follows the classic mechanisms of hydraulic stabilisa-
tion: The formation of cement hydration products (C–S–H and 
C–A–H) binds clay particles, fills voids, reduces permeability 
and increases internal cohesion; [18,  23]. These effects col-
lectively enhance mechanical strength and durability while 
reducing water sensitivity, a critical requirement in humid 
equatorial climates.

3.6.1 | Environmental Considerations

While a full life-cycle assessment (LCA) was beyond the scope 
of this study, the use of locally sourced soils with a moderate 
cement content (8%) could offer environmental advantages 
compared to fired bricks or conventional concrete blocks. 
However, these potential benefits are not demonstrated here 
and require careful quantification. Previous studies in sim-
ilar contexts have reported reductions in embodied energy 
for stabilised earth bricks compared to fired alternatives 
[31, 32], but these results cannot be directly transferred to the 
Ebolowa context. A site-specific LCA, taking into account 
local transport distances, cement production emissions and 
regional construction practices, is necessary to confirm any 

environmental benefit. Therefore, no claim of reduced carbon 
footprint or environmental superiority is made based solely on 
the present results.

3.6.2 | Comparison With Regional Studies

Based on Table 12, the results obtained in this study are 
consistent with those reported in previous investigations 
from Cameroon and West Africa. The compressive strength 
(≈5.7 MPa) and flexural strength (≈1.0 MPa) exceed the stan-
dard requirements recommended for stabilised earth bricks 
(≥ 5 MPa according to CRATerre, 2019). The criteria for per-
formance evaluation were based on CRATerre (2019) recom-
mendations for compressed earth blocks, as these are the most 
directly applicable guidelines for CSEBs in tropical regions. 
Where relevant, ASTM and NF standards were used only as 
procedural references for testing methodologies, not as direct 
threshold standards for CSEBs. Absorption rates below 20% 
indicate satisfactory compactness and water stability, com-
parable to or slightly better than values observed in similar 
studies [14, 27, 35].

This regional comparison confirms the high potential of 
Ebolowa soils for the manufacture of ecological and eco-
nomical bricks, compatible with sustainable construction 
objectives in tropical climates. It should be noted that the 
mechanical thresholds (compressive strength ≥ 5 MPa, water 
absorption < 20%) cited in this study are based on CRATerre 
(2019) recommendations, which are specifically developed 
for compressed earth blocks in tropical environments. While 
ASTM and ISO standards provide valuable procedural guid-
ance, they were originally developed for fired clay or concrete 
masonry units and are used here as analogous references in 

FTIR spectra of cement-stabilised soils
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FIGURE 9   |   Combined FTIR spectra of cement-stabilised soils from Ebolowa: (a) EBM1 soil and (b) EBL2 soil. The decrease in kaolinite hydroxyl 
bands (~3695 cm−1) and the development of the band near 1095 cm−1 indicate the formation of C–S–H phases associated with cement hydration and 
pozzolanic reactions.
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TABLE 11   |   Change in water stability as a function of cement content.

Sample code
Cement content 
(% dry weight)

Dry resistance 
(MPa)

Wet resistance 
(MPa)

Water stability 
(Rwet ∕Rdry) Observation

EBM1-C0 0 1.52 0.48 0.32 Low resistance; 
dissolves quickly 

in water

EBM1-C2 2 2.84 1.25 0.44 Slight improvement 
in stability

EBM1-C4 4 3.96 2.02 0.51 Increased 
cohesion and 

reduced porosity

EBM1-C6 6 4.82 3.12 0.65 Good stability 
in humid 

environments

EBM1-C8 8 5.68 4.45 0.78 Excellent stability 
and compliant 

with regulatory 
requirements

EBL2-C0 0 1.64 0.53 0.32 Raw soil and rapid 
disintegration

EBL2-C2 2 2.95 1.41 0.48 Initial water 
resistance

EBL2-C4 4 4.07 2.25 0.55 Consolidated 
structure and low 

cohesion loss

EBL2-C6 6 4.92 3.38 0.69 Good cement 
bond strength

EBL2-C8 8 5.81 4.78 0.82 Optimal stability 
and very good 

water resistance

Note: Boldface corresponds, for each soil type, to the highest value associated with the dosage levels studied.
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FIGURE 10   |   (a) Stability curves and (b) loss of strength curves due to the effect of water.
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the absence of a dedicated Cameroonian standard for CSEBs. 
The clay–loam composition and moderate plasticity of these 
soils (Table 4) make them suitable for producing eco-friendly 
building materials that can contribute to sustainable housing 
with a reduced environmental footprint while supporting the 
local construction industry.

3.6.3 | Comparative Performance of the Two Soils

Although both soils are suitable for CSEB manufacture, the 
LO'O-BIYENG soil (EBL2) demonstrates superior character-
istics. Its higher clay content (56.8% vs. 52.0%) and MBV (2.80 
vs. 2.43) (Table 4) provide more surface area for cementitious 

bonding, resulting in slightly better mechanical performance 
(Tables 7, 8, 9, 10 and 11) and water stability (Figure 9). This soil 
is therefore better suited for optimisation with a reduced cement 
content of approximately 7.5% to achieve optimal performance. 
A comprehensive summary of the results obtained from this site 
is presented in Table 13.

3.6.4 | FTIR Analysis and Standard Compliance

In Table 13, the evolution of the FTIR signatures of the EBL2 
material highlights a gradual chemical transformation directly 
correlated with the improvement of its physical and mechani-
cal properties. These spectral changes are discussed in relation 

TABLE 12   |   Comparison of performance results with those of other regional studies.

Authors 
and Years

Location of 
the Study Soil Types

Cement 
Content

Compressive 
Strength

Flexural 
Strength

Water 
Absorption

Observation/
conclusion

This study 
(2025)

Ebolowa 
(Cameroon)

Clayey–
loamy

8 5.7–5.8 0.8–1.1 ≈19.7 Performance 
in line with 
standards; 
dense and 

durable 
material

Imar et al. 
[33]

Yaoundé 
(Cameroon)

Lateritic 8 5.5 — 20–22 Good water 
stability; 

significant 
thermal 

improvement

Minane 
et al. [34]

Kribi 
(Cameroon)

Sandy clay 6 4.9 0.9 21 Satisfactory 
results for 

sustainable 
construction

Millogo and 
Morel [30]

Koudougou 
(Burkina 

Faso)

Lateritic 
clay

8 5.2 0.8 22 Similar 
mechanical 
behaviour; 

positive effect 
of cement

Taallah and 
Guettala [18]

Biskra 
(Algeria)

Loamy clay 10 6.0 1.2 18 Maximum 
performance 

beyond 8% 
cement; good 
compromise 

between 
durability 
and cost

Akinwumi 
(2015b)

Lagos 
(Nigeria)

Sandy clay 6 4.6 — 23 Moderate 
improvement 

in strength 
and durability

Ndjigui et al. 
[19]

South 
Cameroon

Lateritic 
clay

8 5.4 0.9 20 Comparable 
properties; 
relevance 

of local 
stabilisation
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to performance criteria recommended by CRATerre (2019) for 
compressed earth blocks, with ASTM and ISO standards used 
in civil engineering construction materials as procedural refer-
ences where applicable:

-	 The significant decrease in the ν(O–H) bands associated 
with kaolinite (3695–3620 cm−1), with intensity dropping 
from 1.20–1.15 to 0.35–0.33 between 0% and 8% cement, 
is consistent with, but not definitive proof of, dehydroxyl-
ation of the clay phases. This transformation is consistent 
with the reduction of the δ(H–O–H) band at 1630 cm−1 
(0.75→0.55), indicating decreased adsorbed water. These 
spectral changes correspond to the water absorption thresh-
old of < 20% recommended by CRATerre (2019) for CSEBs 
in humid environments, a criterion fully met at 8% cement 
(19% absorption, Table 7). The testing procedure for water 
absorption followed ASTM C67 (for water absorption) and 
NF P 18-406 (for compressive strength) as analogous ref-
erences, as no specific Cameroonian standard exists for 
CSEBs;

-	 The progressive strengthening of the ν(Si–O–Si) and ν(-
Si–O–Al) bands between 1095 and 1009 cm−1, with inten-
sity increasing from 0.65–0.70 to 1.50–1.55, is consistent 
with the formation of secondary cementitious phases 
(suggestive of C–S–H and C–A–H types) that are likely 
responsible for material cohesion and hardening. This 
interpretation is based on spectral similarities with pub-
lished FTIR data on cement hydration products [28, 29]. 

This spectroscopic evolution directly correlates with the 
increase in compressive strength from 2.28 to 5.81 MPa 
(Table 8), exceeding the minimum threshold of 5 MPa rec-
ommended by CRATerre (2019) for load-bearing CSEBs. 
The compressive strength testing protocol followed NF 
P 18-406 (used as an analogous reference for CSEB test-
ing methodology). Similarly, the flexural strength of 
0.81 MPa at 8% cement (Table 9) was determined follow-
ing the three-point bending procedure described in NF 
EN 12390-5, with ASTM C67 providing additional meth-
odological guidance;

-	 The increase in bulk density from 1.82 to 2.06 g/cm3 (Table 
13; Figure 5), combined with the intensification of ν(Ca–O) 
and ν(Fe–O) bands at 520–470 cm−1 (0.25–0.30→0.48–
0.52), is consistent with reduced open porosity and the for-
mation of calcium and ferric bridges. This microstructural 
densification, which aligns with the density requirements 
for building materials (ISO 10456, used as an analogous 
reference), contributes to the overall improvement in me-
chanical performance and resistance to environmental 
degradation;

-	 The progressive increase in the intensity of bands associ-
ated with Si–O–Si and Si–O–Al vibrations (1000–1100 cm−1) 
suggests the formation of amorphous silicate structures 
typical of C–S–H gels, the main binding phases responsi-
ble for the mechanical strength of cementitious materials. 
Concurrently, the reduction of hydroxyl-related bands 

TABLE 13   |   Combination of physical, mechanical and mineralogical test results.

Wavenumber 
(cm−1) Lacation EBL2_C_0% EBL2_C_2% EBL2_C_4% EBL2_C_6% EBL2_C_8%

4000 0.06 0.07 0.08 0.09 0.1

3695 ν(O–H) kaolinite 1.2 1 0.8 0.55 0.35

3620 1.15 0.95 0.75 0.5 0.33

2500 0.3 0.33 0.35 0.37 0.38

1630 δ(H–O–H) 
adsorbed water

0.75 0.7 0.65 0.6 0.55

1095 0.7 0.95 1.2 1.4 1.55

1009 ν(Si–O–Si) silicate 0.65 0.9 1.15 1.35 1.5

912 δ(Al–O–H) clay 0.55 0.75 0.9 1.05 1.2

695 δ(Al–O–Si) kaolinite 0.5 0.4 0.3 0.2 0.12

520 ν(Ca–O) oxyd 0.3 0.35 0.42 0.47 0.52

470 0.25 0.3 0.36 0.42 0.48

500 0.2 0.26 0.32 0.37 0.43

Compressive 
strength

2.28 3.58 4.47 5.34 5.81

Bending strength 0.42 0.55 0.66 0.74 0.81

Water absorption (%) 27.9 24.8 22.2 20 19

Density (g/cm3) 1.82 1.88 1.94 2 2.06
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associated with kaolinite indicates partial transformation 
of clay minerals during stabilisation. These mineralogical 
changes contribute to reduced material hydrophilicity and 
porosity, explaining the observed improvements in com-
pressive strength and water stability.

The improved performance with cement addition can be ex-
plained by three interrelated mechanisms, supported by the 
FTIR evidence:

-	 Physical filling: Cement particles fill interparticle voids, in-
creasing density (1.69→1.93 g/cm3) and reducing porosity, 
reflected in decreased water absorption (27.3%→19.7%). 
This reduction meets the < 20% threshold recommended by 
CRATerre (2019) for CSEBs in humid environments;

-	 Cementitious bonding: Cement hydration produces amor-
phous silicates (indicated by intensifying 1000–1100 cm−1 
bands) that coat and bridge clay particles, increasing cohe-
sion (strength: 1.52→5.81 MPa);

-	 Clay modification: The alkaline cement environment pro-
motes partial clay dissolution and pozzolanic reactions 
(supported by decreasing kaolinite bands at 3695 cm−1), 
contributing additional binding phases.

In summary, the quantitative correlation between FTIR band 
evolution, reduced hydrophilicity, increased density and im-
proved mechanical strength demonstrates that EBL2 material 
stabilised at 6%–8% cement meets the essential requirements of 
ASTM and ISO standards for civil engineering applications, par-
ticularly in the manufacture of masonry elements and sustain-
able building materials based on local resources.

Based on FTIR evidence in Table 13 alone, these interpretations 
remain qualitative. Ongoing investigations using XRD and SEM-
EDS aim to confirm the nature of the mineralogical transforma-
tions and to provide direct evidence of C–S–H phase formation.

4 | Conclusion

This study assessed the potential of clay soils from MVAM 
ESSAKO and LO'O-BIYENG (Ebolowa, Cameroon) for produc-
ing CSEBs. The main findings are:

-	 Both soils exhibit moderate plasticity (IP: 20.6%–22.4%) and 
active clay mineral contents (VBS: 2.43–2.80), making them 
suitable for cement stabilisation;

-	 Cement addition progressively improves physical and me-
chanical properties: At 8% cement, compressive strength 
reaches 5.68–5.81 MPa (exceeding the 5 MPa requirement 
for structural masonry), water absorption decreases to 
< 20% and water stability improves to 0.78-0.82;

-	 FTIR analysis reveals spectral changes consistent with sta-
bilisation, including decreased intensity of kaolinite-related 
bands and increased intensity of silicate-related bands, 
suggestive of clay dehydroxylation and cementitious phase 
formation. These spectral changes provide qualitative mi-
crostructural explanations for the observed macroscopic 
improvements, though complementary analyses (XRD 

and SEM-EDS) would be required for definitive phase 
identification;

-	 LO'O-BIYENG soil shows slightly better performance, sug-
gesting an optimal cement content of ~7.5% for this material.

The study brings a methodological contribution by quantita-
tively correlating FTIR spectral evolution (dehydroxylation of 
kaolinite and formation of C–S–H type phases) with macro-
scopic mechanical performance. The proposed stabilisation 
index I1095 ∕ I3695 provides a spectroscopic marker for assessing 
cement hydration progress in clayey soils.

The results demonstrate that Ebolowa clay soils can produce 
CSEBs meeting international standards, offering a viable alter-
native to fired bricks for local construction. This supports sus-
tainable housing development while reducing dependence on 
imported materials.

This work was conducted on two soils (EBM1 and EBL2) 
that are representative of clayey soils frequently found in the 
Ebolowa area. However, the regional variability of soils (min-
eralogy, grain size and plasticity) could influence the effective-
ness of cement stabilisation. Therefore, the results should not 
be extrapolated to the entire Ebolowa region without additional 
geotechnical and mechanical investigations on a larger number 
of sampling sites.

This study focused on 28-day performance; long-term durability 
under cyclic wetting–drying typical of humid tropical climates 
requires investigation. Additionally, definitive phase identifica-
tion would benefit from XRD or SEM analysis.

Complementary analyses using XRD and SEM-EDS are cur-
rently underway to confirm the nature of the C–S–H phases 
and to visualise the microstructural changes induced by ce-
ment stabilisation.

Future work should explore alternative ecostabilisers (lime, 
natural fibres and geopolymers) and develop local construction 
standards for CSEBs in Cameroon. Additionally, a comprehen-
sive LCA is required to quantify the actual environmental ben-
efits of using these stabilised bricks compared to conventional 
construction materials in the Ebolowa region.
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