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Abstract 
The building materials commonly used are energy-intensive, non-ecological, 
and unsuitable for climatic conditions. For this reason, various research pro-
jects have been initiated to develop efficient, appropriate, and accessible build-
ing materials. Much of this research focuses on valorizing local materials and 
available waste. In our study, laterite and bottle glass powder are valorized in 
the Compressed Earth Bricks (CEB) formulation fired at 750˚C. X-ray fluo-
rescence spectrometry and Attenuated Total Reflectance Fourier Transform 
Infrared analyzed the chemical composition and chemical bonds. The physi-
cochemical characteristics of the samples, including water absorption and 
density, were then determined according to standard NF EN 771-1 and ASTM 
C20-00, respectively. The mechanical analyses of the test pieces were carried 
out according to standard NF P18-406. Mineralogy of raw materials and the 
specimens was obtained by X-ray diffraction. Laterite contains significant 
amounts of 64% kaolinite, 12% hematite, 11% muscovite, 7% goethite, and 5% 
quartz. Bottle glass powder consists mainly of a glassy phase of amorphous 
silica and quartz. The 25% glass powder specimens (PV25) had a mechanical 
strength (11.70 MPa) well over the minimum requirement (4 MPa) for a single 
plane structure. The thermal performance showed that the 25% amended spec-
imens had a higher thermal conductivity (0.51 W∙m−1∙K−1) than the control spec-
imens (0.44 W∙m−1∙K−1). As for the thermal diffusivity, the fired CEB amended 
by 25% has a better thermal inertia (0.22 mm2/s compared to 0.33 mm2/s for the 
control). 25% amended bricks have been shown to offer superior thermal 
comfort compared to the controls due to their low thermal diffusivity. 
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1. Introduction 

Burkina Faso is abundant in a wide variety of clay and laterite raw materials, which 
are widely utilized in housing construction [1]. However, the sustainability of 
earth architecture is constrained by various factors (poor mechanical quality and 
poor water performance) [2]. This has resulted in a shift towards cement con-
struction, a process that is energy-intensive and less environmentally sustainable. 
In response to these challenges, there have been explorations of alternative ap-
proaches aimed at re-establishing the earth as a central element in construction 
[3] [4]. This approach involves the recycling of agricultural waste in the manufac-
ture of porous bricks, which are lighter than traditional bricks and primarily 
aimed at enhancing thermal insulation [5]. Indeed, several studies have shown 
that the mechanical and thermal performance of Compressed Earth Blocks (CEB) 
can be improved using binders of plant origin. The utilization of natural fibers 
(e.g., kenaf, bamboo) and agricultural waste (e.g., straw, rice husk, coconut palm) 
in the manufacture of earth bricks is a further additive [6]-[10]. The incorporation 
of these additives has been demonstrated to reduce thermal conductivity and dif-
fusivity, thereby enhancing the mechanical properties of the material [9]. 

The objective of the present study is to explore the development of alternative 
solutions for the efficient and ecological production of construction materials. 
The recycling of glass bottle waste would be a promising alternative [11]. This 
particular waste is both accessible and inexpensive, and it has a low melting point. 
Indeed, glass occupies a privileged place within the food industry sector due to its 
safety [12]. However, there is a paucity of research focusing on glass bottles as 
additives in the production of bricks. The recovery of glass bottle waste emerges 
as a promising alternative, offering significant environmental and economic ben-
efits. From an environmental perspective, this approach prevents the release of 
glass into landfills, contributing to the reduction of waste disposal costs and the 
mitigation of environmental impacts. From an economic perspective, the utiliza-
tion of glass bottle waste as an additive in the production of CEBs can result in a 
substantial reduction in production costs, enhancing the economic viability and 
sustainability of the manufacturing process [13]. The present study is concerned 
with the analysis of the physicochemical and mineralogical properties of laterite 
and glass bottle powder to evaluate their potential application in the formulation 
of construction earth materials. The physico-mechanical and thermal properties 
of the developed specimens are also evaluated to validate their use in the construc-
tion field. 

2. Raw Materials 

The present study focused on two raw materials: laterite, a basic raw material, 
referenced as HOUN, and crushed glass bottles, pulverized into powder, refer-
enced as PV. The laterite, designated as HOUN, was sourced from a lateritic site 
in the locality of Houndé (Figures 1(a)-(b)), situated in the Tuy province of the 
Hauts-Bassins region in the western part of Burkina Faso. The precise geographical 
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location of the site is specified by its geographic coordinates: 3˚31'49" West Lon-
gitude and 11˚30'32'' North Latitude. The local population exploits the HOUN 
sample site for the manufacture of local construction materials. 

PV sample, an additive raw material, was obtained from glass bottles of local 
juice. These bottles are not recycled and are disposed of in the environment after 
use (Figure 2(a)). Following collection from designated refreshment stands, the 
bottles undergo a series of processing steps that include washing, drying, crushing, 
and sieving to yield a powder with a particle size of less than 250 µm (Figures 
2(b)-(c)). 

 

 
Figure 1. (a) HOUN mining site; (b) Crushed HOUN sample. 

 

 
Figure 2. (a) Collected glass bottles; (b) Crushed glass bottles; (c) PV sample. 

3. Methods 
3.1. Characterization Techniques 

Atterberg limits are frequently utilized to characterize clays. The liquid limit is 
defined as the water content of a material when it transitions from a liquid to a 
plastic state, while the plastic limit signifies the water content when it shifts from 
a solid to a plastic state. The plasticity index, defined as the difference between 
these two limits, is influenced by the nature of the clay minerals. The measure-
ments are carried out by the NF P 94-051 standard [14], which involves wet siev-
ing of the laterite, followed by the preparation of a paste to determine the two 
limits using a Casagrande cup and paste rods. 

The chemical composition of the raw materials was determined with X-ray flu-
orescence. The raw material powders were characterized by X-ray diffraction 
(XRD). The instrument utilized in this study is a Philips PW 1729 diffractometer, 
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which operates at 40 kV and 40 mA with CuKα radiation. The semi-quantitative 
composition of the mineral phases of the samples was evaluated using relation (1) 
proposed by de Yvon et al. (1982) [15], which is as follows: 
 ( ) ( )   T a Mi Pi a∑=  (1) 

• T(a): content (%) of chemical element “a”; 
• Mi: content (%) of mineral “i” in the material studied and containing element “i”; 
• Pi(a): proportion of element “a” in mineral “i”. 

The density of the test pieces was evaluated by the NF EN 771-1 (2004) standard 
[16]. The test pieces, previously dried at 105˚C and baked at 750˚C, were weighed 
in air, then covered with paraffin and weighed again in air. They were then weighed 
after being immersed in water. 

The determination of water absorption was carried out by the ASTM C20-00 
standard (2010) [17]. The mass of the test piece that has undergone the cooking 
process at 750˚C in an oven is determined. The test piece is then subjected to an 
immersion in boiling water for two hours. Following this, the test pieces are re-
moved from the water and allowed to cool for four hours. Thereafter, they are 
removed from the water, and the mass of the wet state, designated ma, is deter-
mined. The percentage of water absorption (A) for each test piece is expressed by 
the following relation (2) [17]: 

 ( )% 100a s

s

m m
A

m
−

= ×   (2) 

ms: dry mass of the test piece; ma: wet mass of the test piece. 
The compressive strength of CEBs is defined as the maximum stress that the 

material can support before failure. The specimen is subjected to a monotonically 
increasing load until rupture. The compressive strength is defined as the ratio be-
tween the maximum load at failure and the cross-sectional area of the specimen. 
The compressive strength of CEBs is determined by relation (3). The experimental 
procedure is conducted using the established protocol outlined in NF P18-406 [18]. 

 10
c

FR
S

=   (3) 

Rc: compressive strength of the specimen (MPa); F: maximum load supported 
by the specimen (kN); and S: average value of the section (cm2). 

In addition to mechanical resistance, the thermal performance of CEBs is a crit-
ical factor in ensuring the indoor comfort of a building. The measurements are 
conducted using an SH-1 probe (with a diameter of 1.3 millimeters, a length of 3 
centimeters, and an operating range of 0.02 to 2 W∙m−1∙K−1 with an accuracy of 
±10%) connected to a KD2 Pro thermal properties analyzer [9]. The probe is in-
serted into two apertures made in the center of one of the faces of the CEB, previ-
ously dried so that there is no contact with air (Figure 3). 

3.2. Procedure for Shaping Test Pieces 

Cylindrical test pieces with a diameter of 5 cm and a height of 10 cm are produced  
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Figure 3. Image of the KD2 Pro device. 

 
for the various tests from two raw materials: laterite identified as HOUN and bot-
tle glass powder. The production of CEBs commences with the grinding of the 
HOUN and PV samples until a particle size of less than 250 µm for HOUN and 
106 µm for PV is obtained, respectively. Studies by Turco, C. et al. (2024) show 
that CEBs with finer particles exhibit poorer heat conduction and heat diffusion 
[19]. The glass must have a particle size below the limit of the pan mills used in 
brickmaking (<1 mm) [20]. The grinding is carried out using a CERADEL brand 
ball mill. The powder obtained after grinding is then placed in an oven at 105˚C 
for twenty-four (24) hours before mixing. Subsequently, a series of mixtures are 
meticulously prepared and subsequently dried and homogenized. Previous stud-
ies have used glass powder as a stabilizing additive (CEB). This is the case, for 
example, of Izemmouren Ouarda (2016), who used up to 40% of the contents of 
glass powder with lime in the formulation of CEB [21]. Serwan Kh. Rafiq (2022) 
studies the impact of glass waste on the flexural, compressive, and direct tension 
bonding strengths of Masonry bricks. These bricks have been modified with green 
waste glass using 5%, 10%, and 15% as a partial replacement of fine aggregate in a 
mortar [22]. We have been inspired by this previous research work in the choice 
of the composition of our CEBs in terms of the percentage of glass powder. To 
meet the objective of the study, five series of fired CEBs were produced by varying 
the percentage of PV (0, 20%, 25%, 30%, and 35%) of the weight of the dry mix-
ture. The composition of the mixtures is given in Table 1. Conventionally, CEB 
materials are composed of clay (60% to 95%), sand (0 to 40%), and a mineral or 
organic stabilizer (0 to 40%) [21]-[23]. The total mass of the mixture is 900 g. For 
each mixture, a varying amount of water (water mass ≤ 10% of the total mass of 
the mixture) is added until a slightly damp mixture is obtained. The manual mix-
ing process is conducted for a duration of 10 to 15 minutes to disintegrate the 
clumpy clay and ensure thorough integration of the components. To facilitate the 
maturation process, the resultant pastes were stored in hermetically sealed con-
tainers within an ambient temperature room for 48 hours. Following this, the 
moistened pastes of constant mass (150 g of the moistened mixture) are intro-
duced into a cylindrical mold (50 × 160) mm2 and then pressed. The test pieces 
were then unmolded on site and dried in the shade for 21 days at room tempera-
ture. The pressing was accomplished through the utilization of a Magnolfi-Bigali-
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type hydraulic press, which employed compression to ensure the desired density 
was achieved. The diagrammatic representation of the compressed earth brick 
production process is illustrated in Figure 4. 

 
Table 1. Composition of the nuances of the test pieces. 

Sample references PV0 PV20 PV25 PV30 PV35 

% PV 0 20 25 30 35 

PV weight (g) 0 180 225 270 315 

HOUN weight (g) 900 720 675 630 585 

Water weight (g) 90 85.5 81 76.5 72 

 

 
Figure 4. Simplified diagram of the brick-making process. 

 
Following the process of demolding, the specimens were subjected to a drying 

period at ambient temperature. Thereafter, they were baked at a temperature of 
105˚C for 24 hours to remove the water of hydration. Throughout the drying pro-
cess, it is imperative to exercise meticulous control over the duration, tempera-
ture, and humidity. Failure to do so may result in the bricks bursting or cracking 
due to the expansion of steam within the mass. After this, the specimens under-
went a cooling phase, after which they were subjected to a heat treatment at a 
temperature of 750˚C for two hours in a Nabertherm oven, specifically the MORE 
THAN HEAR P300 model, with a heating rate of 5˚C per minute (Figures 5(a)-
(b)). This process was conducted with the aid of a heating rate controller. The 
calcination temperature was set at 750ºC for two primary reasons: 
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Figure 5. (a) Test tubes before sintering; (b) Test tubes after sintering 

 
1) To obtain terracotta products at low temperatures; 
2) To reach the softening interval of the glass powder, which is around 700˚C 

[24]. 
The firing temperature is chosen to melt a significant amount of glass powder 

without altering the physical state of the clays. 
The different formulated specimens will then be characterized to evaluate their 

loss of mass on fire, density or water absorption, thermal conductivity, and me-
chanical resistance. 

4. Results 
4.1. Chemical Characterization of Raw Materials 

As illustrated in Table 2, the chemical composition of the HOUN sample is as 
follows: The major oxides present in this sample are alumina (29.71%), silica 
(39.52%), and iron oxide (18.23%) [25]. The SiO2/Al2O3 ratio of 1.33 indicates the 
presence of free silica (quartz) in the sample, as this value is greater than 1.18 for 
pure kaolinite [26]. The presence of iron oxide (18.23%) is responsible for the 
red-yellow coloration of the sample. The oxides CaO, MgO, Na2O, and K2O are 
present in low concentrations. It is noteworthy that the alkaline oxides (Na2O and 
K2O) function as flux, thereby influencing the sanding reactions and the for-
mation of the vitreous phase during the heat treatment process. These reactions 
are pivotal in determining the final properties of the brick. PV sample is composed 
of the following chemicals: It is evident from this table that the predominant oxide 
is silica (SiO2). In addition, sodium oxide (Na2O), lime (CaO), magnesium oxide 
(MgO), and alumina (Al2O3) are present in significant proportions. Some of these 
elements are present in very small quantities and play a role either in stabilizing 
the amorphous structure of the glass or in coloring (the visual aspect of the glass). 
The presence of lime (CaO) is indicative of the potential for PV to undergo 
pozzolanic activity in HOUN, thereby yielding resilient materials. The content of 
alkali oxide (K2O and Na2O), which constitutes the fluxing phases in PV, is 13.3%  

 
Table 2. Chemical composition of HOUN and PV (%). 

Sample Al2O3 SiO2 Fe203 CaO MgO Na2O K2O Others Total 

HOUN 29.71 39.52 18.23 0.03 0.05 0.12 1.32 11.02 100.00 

PV 1.50 72.50 0.10 9.30 3.00 13.00 0.30 0.30 100.00 
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[27]. These oxides contribute to reducing the melting temperature of the minerals 
by promoting the dissolution of free silica and the formation of glassy phases. 
However, it is notable that the presence of iron oxide (0.10%) is comparatively 
low, in contrast to the bibliographic data, which typically ranges from 4.08% [28] 
[29]. These results remain compatible with the chemical composition of classic 
soda-lime glass [30] [31]. 

4.2. Geotechnical Characterization of Raw Materials 

The Atterberg limits were evaluated and recorded in Table 3. These values were 
then compared with the recommended values According to CRATerre-EAG [32] 
for the development of CEBs. The values of the liquid limit (WL), the plastic limit 
(WP), and the plasticity index (PI) of HOUN, respectively 30.48%, 23.20%, and 
7.28%, are included in the ranges of the materials used for CEBs (WL = 25% to 
50%; WP = 10% to 25%; PI = 7% to 29%). Notably, only the WL (30.48%) and the 
PI (7.28%) are included in the zone of preferred materials for CEBs (WL = 30% to 
35%; PI = 7% to 18%). The WP (23.20%) is marginally outside the WP range of 
preferred materials (WP = 12% to 22%). The excellent geotechnical workability of 
the samples used is demonstrated by the measured Atterberg limits. Materials are 
only considered to be easily mouldable if their IP index is ≤20 and their liquid 
limit is 15% ≤ wL ≤ 35% [33]. The results obtained allow us to confirm that our 
sample shows a plasticity fully adapted to producing CEB [34]. 

 
Table 3. HOUN Atterberg limits and area delimiting the Atterberg limits for CEBs [32]. 

Atterberg limits HOUN Limit zone for a CEB Preferential zone for a CEB 

Liquid limit WL (%) 30.48 25 to 50 30 to 35 

Plastic Wp (%) 23.20 10 to 25 12 to 22 

Plasticity index Ip (%) 7.28 7 to 29 7 to 18 

4.3. Mineralogy Characterization of Raw Materials 

The infrared spectrum (Figure 6(a)) of HOUN exhibits three distinct spectral re-
gions [1]. The first region is between 3650 and 3400 cm−1, the second between 1650 
and 900 cm−1, and the third between 800 and 400 cm−1. The spectrum displays spe-
cific bands of particular significance, including vibration bands at 3695 and 3618 
cm−1, 1111 and 694 cm−1, 795 cm−1, and 1086 cm−1. These absorption bands are 
linked to specific vibrations of the bonds, including Al-OH, Si-O, Si-O-Si, and Fe-
OH [35]-[37]. These vibration bands indicate the occurrence of specific phases, 
including kaolinite and/or muscovite, quartz, goethite, and/or hematite [38]. 

The PV spectrum (Figure 6(b)) shows two primary characteristic bands asso-
ciated with bond vibrations. These bands correspond to Si-O and Si-O-Si bonds, 
suggesting that quartz is the predominant phase in the sample [24] [39]-[41]. 

As demonstrated in Figure 7(a), the diffractogram indicates that the crystallized 
phases of the HOUN sample are primarily kaolinite, quartz, goethite, muscovite,  
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Figure 6. (a) IR spectrum of HOUN; (b) IR spectrum of PV. 

 
and hematite. Consequently, it can be deduced that the composition of HOUN is 
a mixture of plasticizer (kaolinite and muscovite), dye (goethite and hematite), 
and degreaser (quartz). The composition of HOUN renders it well-suited for uti-
lization in the manufacture of adobes and CEBs, with the plasticizers serving the 
function of a matrix and the degreasers acting as reinforcements. 
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Figure 7. (a) HOUN diffractogram; (b) PV diffractogram 

 
The results of the semi-quantitative analysis (Table 4) demonstrate that HOUN 

contains the following phases: 64% kaolinite, 12% hematite, 11% muscovite, 7% 
goethite, and 5% quartz. The predominant mineral phase is kaolinite. The pres-
ence of quartz indicates the potential for free silica, as evidenced by the SiO2/Al2O3 
ratio. The relatively high contents of hematite and goethite (12% + 7% = 19%) 
suggest a potential role for these minerals as colorants in HOUN. 

 
Table 4. Semi-quantitative analysis results of HOUN. 

Phases Kaolinite Muscovite Quartz Hematite Goethite Total 

% 64 11 5 12 7 99 

 
The analysis of the PV diffractogram (Figure 7(b)) demonstrated that the ma-

terial is entirely amorphous, a conclusion that is substantiated by the presence of 
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a broad hump between 20˚ and 40˚ (2θ) and the presence of background noise on 
the DRX curve. These DRX results confirm that the silica contained in PV is amor-
phous (glassy phase) [29] [42] [43]. No crystallization peak is visible on the dif-
fractogram. The low melting point of the studied PV (approximately 700˚C), in 
conjunction with the presence of lime in its composition, indicates its potential 
application as an adjuvant in the manufacture of fired compressed earth bricks 
(CEB). 

4.4. Physicochemical, Thermal, and Mechanical Characterizations 
of Formulated Test Specimens 

The characteristics of the specimens evaluated are apparent density, water absorp-
tion, compressive strength, conductivity, and thermal diffusivity. 

The bulk density of clay bricks increased with an increase in the amount of 
waste glass. As a result, the bulk densities of bricks containing waste glass were in 
the range of 1.72 and 1.76. These results are in line with those that have been found 
by other researchers [29] [42]. The density curve (Figure 8) demonstrates a down-
ward trend. The substitution of HOUN (density 2.72) for less dense PV (density 
2.50) is substantiated by the reduction in specimen density [31]. 

 

 
Figure 8. Density of test specimens. 

 
The variation in the percentage of water absorption as a function of the per-

centage of PV is illustrated in Figure 9. It is evident from this figure that the water 
absorption decreases with an increase in the amount of glass powder in the test 
pieces. This phenomenon can be attributed to the melting of the glass, which oc-
curs at higher temperatures, leading to the closure of the pores within the test 
pieces. Consequently, it can be posited that the incorporation of glass powder into 
the formulated material results in the closure of pores when the material is sub-
jected to the glass melting temperature, thereby leading to the observed low water 
absorption [44]. 
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Figure 9. Water absorption of test tubes. 

 
Figure 10 demonstrates the variances in the compressive strength of the speci-

mens as a function of the percentage of glass powder. The specimens exhibit re-
markably high mechanical strengths. The incorporation of glass into the laterite 
has been demonstrated to enhance the compressive strength of the bricks. The 
maximum compressive strength (11.70 MPa) is observed in specimens containing 
25% glass powder, in comparison to 7.94 MPa in the control specimens. This en-
hancement in strength can be rationalized by the favorable cohesion between the 
clay phase and the glass powder, as well as the firing temperature, which fosters 
the consolidation of the specimens. However, beyond 25% glass powder, a de-
crease in strength is observed, which can be attributed to an excess of glass powder 
in the material, thereby hindering effective interaction between the glass powder 
and the granular skeleton. 

 

 
Figure 10. Mechanical resistance of the specimens as a function of the PV rate. 

 
Thermal conductivity and diffusivity were evaluated, with the specimens exhib-

iting superior mechanical resistance and the control specimen. The results of 
the analysis indicate that the specimens amended with 25% glass powder exhibit 
a thermal conductivity of 0.51 W∙m−1∙K−1 and a diffusivity of 0.22 mm2/s. In contrast, 
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the control specimens exhibited thermal conductivity of 0.44 W∙m−1∙K−1 and ther-
mal diffusivity of 0.33 mm2/s. 

5. Discussion 

Alumina and silica (Table 2) are the predominant components of the HOUN 
sample and are also the primary constituents of clay bricks. When these oxides are 
mixed with water in adequate proportions, they facilitate the shaping of bricks 
and contribute to limiting exclusive shrinkage, thus reducing the risk of cracking 
[45]. The substantial iron oxide content of the mixture is responsible for the pig-
mentation of the formulated bricks. The presence of goethite and hematite has 
been demonstrated to have a significant impact on the firing temperature. How-
ever, it should be noted that their effect on shrinkage during the cooling process 
can have deleterious consequences on the materials [46]. Alkaline oxides, such as 
sodium (Na2O) and potassium (K2O) oxides, act as fluxes by contributing to the 
reactions of sanding and the formation of the vitreous phase. These reactions are 
responsible for the final properties of the brick. The presence of lime (CaO) in 
HOUN has been shown to induce pozzolanic reactions with the amorphous phase 
of PV, thereby enhancing the material’s resistance [28]. The findings underscore 
the potential for the utilization of glass bottle waste and laterite in construction 
applications. Consequently, a combination of laterite and glass bottle powder was 
utilized in the fabrication of compressed earth bricks (CEB), which were subjected 
to firing at a moderate temperature of 750˚C. 

Increasing the firing temperature up to 750˚C has been shown to result in the 
presence of a slightly more abundant vitreous phase in the test pieces. This phase 
has been demonstrated to contribute to the reduction of the pores contained 
within the material, thereby causing the water absorption rate to fall [47]. As 
demonstrated in Figure 9, the water absorption rate of the control samples ex-
ceeds the stipulated requirements of the SNI 15-2094-2000 standard [48] (20%), 
with the majority of samples falling within this range. The density of CEB typically 
ranges from 1.5 g/cm3 to 2 g/cm3. According to previous studies, the density of 
CEB is contingent on the pressure applied during compaction, the nature of the 
soil, and the nature of the additive (Omar et al., Stabilization of CEB by cement, 
2023). In the study by Omar et al., the density of CEB ranged from 1.607 g/cm3 to 
1.90 g/cm3 [49]. 

The compressive strength of the bricks increased, reaching a maximum value 
of 11.7 MPa, or 67.86%, compared to the control. This enhancement can be as-
cribed to the robust bonds formed between the laterite particles and the glass in 
conjunction with the firing temperature. This observed compressive strength value 
is commensurate with the range of 12.5 to 40 MPa, which are considered to be the 
requisite values for fired clay bricks [50]. The compressive strength of the bricks 
demonstrates satisfactory performance for application in building (Figure 11). 

The incorporation of 25% glass in the specimens resulted in a 15.9% increase 
in thermal conductivity. This phenomenon can be attributed to the presence of  
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Figure 11. Compressive strength results [51] [52]. 

 
molten glass within the material, thereby resulting in the formation of a non-po-
rous structure. This results in a reduction of thermal insulation due to the in-
creased conductivity, facilitating greater heat penetration into the material. The 
variation in conductivity is undoubtedly related to a variation in the porosity of 
the material, the intrinsic composition of each sample, and the cohesion of the 
material [53]. The increase in firing temperature increased firing shrinkage com-
bined with a decrease in water absorption. As a result, a denser brick was formed, 
and the thermal conductivity was consequently increased [54]. The conductivity 
values are low enough to conclude that the contribution of PV while improving 
the physical and mechanical properties, does not alter the thermal properties. This 
is a clear advantage for these materials. The low thermal diffusivity exhibited by 
specimens containing 25% glass indicates a prolonged thermal phase shift, conse-
quently resulting in reduced thermal inertia. The ensuing analysis will be classified 
according to the designated performance classes outlined in the Earth Construc-
tion Treaty (1989) to facilitate the dissemination of results and the facilitation of 
future discourse [55]. The classification is delineated in Table 5. According to this 
classification, the PV25 specimens formulated from 25% PV and 75% HOUN are 
part of class B with a thermal conductivity of 0.51 W∙m−1∙K−1. The estimated ther-
mal characteristics fall within the intervals reported in the literature. Thermal con-
ductivity values stabilized CEBs generally range between 0.40 and 1.20 W∙m−1∙K−1 

and thermal diffusivity between 3.02 × 10−7 and 4.82 × 10−7 m2∙s−1 [19]. The CEBs 
formulated will, therefore, contribute to the natural air conditioning of buildings, 
to their hygrometric balances, and to electricity savings. 

The study’s findings demonstrate that specimens fortified with 25% glass exhibit 
thermal conductivity and diffusivity values analogous to those of adobe, ranging 
from 0.46 to 0.81 W∙m−1∙K−1. This observation substantiates their suitability 
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Table 5. Class of thermal performance of earth construction (1989) [55]. 

Class A B C D 

Thermal conductivity (W/m/K) 0.23 to 0.46 0.46 to 0.81 0.81 to 0.93 0.93 to 1.04 

 
for incorporation into construction applications, thereby ensuring their practical 
relevance. Consequently, the amended materials’ heat propagation time is longer 
than the control samples. Consequently, it can be concluded that the materials 
containing 25% glass will provide superior thermal insulation properties in com-
parison to the control materials. 

6. Conclusion 

The present study constitutes an investigation into the utilization of laterite in the 
fabrication of compressed earth bricks (CEB), subjected to a firing temperature of 
750˚C, in conjunction with the incorporation of glass bottle powder as an additive. 
The coupling of several analysis techniques characterized the raw materials. The 
analysis results indicated that the laterite is composed of a significant clay phase (ka-
olinite and muscovite) associated with non-clay phases (quartz, goethite, and hema-
tite). The glass powder is primarily composed of quartz in the form of an amorphous 
phase. The specimens produced were then subjected to a series of physicochemical, 
mineralogical, and thermal tests. The findings of these assessments revealed a sub-
stantial decline in apparent density and water absorption, concomitant with an aug-
mentation in the proportion of glass powder within the specimens. Furthermore, the 
mechanical resistance values of the different fired specimens (CEB) were found to 
exceed the minimum requirement of 4 MPa for a single-level construction. The spec-
imens containing 20% and 25% glass powder have the highest mechanical strengths 
of 10.25 and 11.70 MPa, respectively. The significant results obtained in the mechan-
ical and durability tests demonstrate the beneficial effect of these glass powder addi-
tions in improving mechanical resistance and durability. However, a study of the ef-
fect of the dosage of additions overtime on the mechanical resistance and durability 
of fired CEBs is necessary to confirm their long-term influences. The thermal perfor-
mances evaluated on the control specimens and those amended at 25% indicate that 
the bricks amended at 25% have superior thermal comfort compared to the controls 
because of their low thermal diffusivity. However, further research is required to 
study the erosion behavior and the behavior against chemical attacks and fire of our 
formulated bricks to confirm their use in construction. 
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