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Abstract 

Using modern materials such as cement in construction leads to high energy consumption due to increased heat transfer, 

resulting in warmer indoor environments. In the hot climate of the Sudano-Sahelian zone in northern Cameroon, it is crucial to 

use materials that provide thermal comfort and reduce the need for air conditioning. Certain locally sourced materials support 

environmental preservation and facilitate the construction of houses for artisans. This research focuses on developing and 

characterizing bio-based products using raw earth. The study investigated the mechanical performance in compression, thermal 

conductivity, and other material properties. Different proportions of plant aggregates, ranging from 0% to 15% of the soil mass, 

were incorporated for the experimental study. The results indicate that the compressive strength values are 6.3, 8.5, 6.1, and 5.6 

MPa for 0%, 5%, 10%, and 15% reinforcement, respectively, revealing a 35% increase in compressive strength with the 

addition of 5%. Furthermore, the study showed a 45% decrease in thermal conductivity compared to samples without 

reinforcement. These findings demonstrate that this eco-friendly material has the potential to promote the efficient use of local 

resources in the construction sector. It not only enhances thermal comfort and reduces energy consumption associated with air 

conditioning but also supports the construction of more sustainable buildings, leading to a cleaner environment. 
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1. Introduction 

The most effective way to achieve sustainable energy sys-

tem development is to reduce the use of all energy resources. 

The untapped potential for energy conservation can have 

positive economic and environmental impacts. Conserving 

energy is essential for mitigating climate change. Whether 

residential or industrial, most buildings require significant 

energy to maintain a comfortable temperature. In warm cli-

mates like Cameroon, air conditioning is necessary for ther-

mal comfort. However, utilizing natural cooling techniques 

can reduce the need for air conditioning, which is financially 

important in warm nations. Foreign architectural norms un-

suitable for warm weather conditions are often used in con-
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struction. The building sector accounts for 40% of global 

energy consumption and is increasing annually, according to 

the United Nations (2010) and the World Energy Outlook 

(2009). This significantly affects the environment and con-

tributes to changes in global climate patterns. [1]. 

It has been recognized that utilizing materials with mini-

mal environmental impact could substantially decrease en-

ergy consumption during construction. According to [2], 

employing appropriate materials and construction techniques 

can reduce a building's energy usage by 17% and its CO2 

emissions by 30%. Their transportation significantly influ-

ences the environmental impact of building materials. Earth, 

with its locally sourced natural raw materials and beneficial 

hygrothermal properties, requires low energy consumption 

during production, as outlined in [3]. Soil is readily available 

and can be reused with minimal processing. Earth construc-

tion materials are typically located just beneath the topsoil. 

Adding fibers to the mixture could have a significant im-

pact, as suggested by [4]. Natural fibers are commonly used 

in the production of Earth concretes. According to [5], sub-

stituting natural or vegetable fibers for synthetic fibers can 

reduce weight, lower costs, and decrease energy consump-

tion. Additionally, research has shown that these biode-

gradable and non-toxic fibers offer favorable thermal and 

acoustic insulation properties [5, 6]. There is considerable 

research interest in using fibers from local materials for con-

struction and energy conservation purposes. Historically, 

shell huts have been renowned for regulating moisture levels 

and improving thermal comfort within the building. Addi-

tionally, their unique architectural design gives them signifi-

cant aesthetic appeal. Since the 1960s, these huts have be-

come a major tourist attraction known for their long-lasting 

nature. Local inhabitants easily construct these homes using 

readily available soil and straw. However, in recent times, 

Sub-Saharan Africa has transitioned from shell houses to 

using imported cement and concrete. 

The northern region of Cameroon is situated in a hot zone 

within the Sahelian area, making it susceptible to desertifica-

tion and experiencing high temperatures reaching up to 45°C 

during intense heat periods. As a result, buildings construct-

ed with cementitious materials, while durable, are ill-suited 

for this environment due to their poor thermal properties, 

which contribute to excess heat within the structure. Conse-

quently, there is a growing trend towards constructing houses 

using locally available inexpensive materials that enhance 

the thermal comfort of the occupants. Shell huts have be-

come increasingly prevalent in major cities of the Far North 

Region and tourist centers, catering to cultural and tourism 

interests. Despite their popularity, there is a lack of scientific 

data on the materials and construction techniques used in 

shell hut construction, hindering their large-scale develop-

ment. The local population appreciates these shell huts, and 

they are sought after by tourists. Still, the absence of scien-

tific knowledge about the materials used undermines their 

durability and internal thermal comfort. 

This research represents the initial attempt to tackle this 

issue, utilizing soil specimens procured from the building in 

the municipality of Mourla and the locally prevalent and 

accessible plant aggregates thatching material. The objective 

of this work is to promote earthen constructions by using the 

local materials used to build shell huts. Indeed, it is a ques-

tion of achieving control of the durability parameters and 

thermophysical properties of the materials often used empir-

ically for constructing shell huts.  

We have used soil mixed with vegetable fibres, all ex-

tracted from Mourla, where the craftsmen most commonly 

construct huts in shells. To bring the conditions of the sam-

ple formulations closer to what is widely practised by 

craftsmen, we have made 4 formulations with the combina-

tion of soil to which 0, 5, 10, and 15% plant fibre aggregates 

were added. 

The samples obtained after de-moulding were dried for at 

least 21 days in the shade in the laboratory at an ambient 

temperature of 22°C before proceeding with the mechanical, 

thermophysical and durability tests.  

2. Materials and Methods 

The substance utilized in construction, comprising a blend 

of soil and straw, originates from Mourla (Figure 1), located 

at geographical coordinates 10°54'0" N and 15°4'60" E in the 

Maga District of the Far North Region of Cameroon. The 

primary structures erected using this material are shell huts, 

as depicted in Figure 2. This soil was selected based on its 

prevalent usage by the indigenous community to construct 

traditional dwellings. The equipment for fabricating the test 

specimens comprises metallic mould, its accompanying 

components, and the hydraulic press. The mold is built from 

a steel plate that is 8 millimeters thick to endure the com-

pressive force without experiencing any deformation. The 

presence of apertures at the die's upper and lower extremities 

facilitates filling the die and extracting the specimen after 

compaction. Utilizing a pair of metallic plates capable of 

sliding within the mould reduces the flattening of the surfac-

es of the specimen. The foundation consists of two boards 

with a thickness of 8 centimeters each. The hydraulic press 

utilized for compaction exhibits versatility to perform com-

pression and flexure tests. Various combinations of soil and 

straw were used to create mixtures. The samples for the mul-

tiple tests were generated by preparing four distinct mixtures. 

The first sample type was solely soil and served as the con-

trol. The remaining three types of samples contained straw in 

varying proportions of 5%, 10%, and 15% by mass. The 

moisture level of the blends falls within the range of 15% to 

20%. The specimens made available for analysis possess 

measurements of 10 centimeters in length, 10 centimeters in 

width, and 3 centimeters in height, respectively. The visual 

representation depicted in Figure 3 illustrates the physical 

characteristics of the specimens fabricated utilizing varying 

proportions of straw Figure 4. The specimens were subjected 
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to desiccation in an oven to remove any moisture that may 

have been present within the pores. Subsequently, their 

masses were quantified and conserved within plastic recep-

tacles. 

 
Figure 1. Geographical location of study area. 

 
Figure 2. Hut shell. 
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Figure 3. Samples of research materials. 

 
Figure 4. Plant aggregates. 

 
Figure 5. Experimental device. 

 
Figure 6. The experimental hot plate device. 

2.1. Thermophysical Properties 

2.1.1. Theoretical Approach to the Measurement of 

Thermophysical Properties 

The asymmetric hot plane determines thermophysical 

properties, specifically thermal effusivity and volumetric 

heat capacity. The author effectively employed this ap-

proach [7]. The diagram depicted in Figure 5 illustrates the 

experimental configuration utilized for conducting the 

measurement. The thermal parameters are measured using 

processed samples with dimensions 10 cm x 10 cm x 3 cm. 

The specimens undergo a gradual drying process to de-

crease their moisture content. To prevent undesired altera-

tions in weight, every sample is enclosed in plastic after 

each measurement. 
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2.1.2. Principle of the Asymmetric Hot Plane 

Method 

The Asymmetric Hot Plane Method is a technique em-

ployed to ascertain the thermal conductivity of a given mate-

rial between two isothermal planes (Figure 6). The experi-

mental procedure involves situating the specimen to be ana-

lyzed onto a heating apparatus. Beneath the heating element, 

a polyethene insulating foam measuring 10 x 100 x 100 mm3 

and possessing a conductivity of 0.04 W.m
-1

.K
-1

 is positioned 

to facilitate the transfer of most of the heat flow generated by 

the heating element through the sample. Subsequently, the 

assembly is inserted amidst a pair of aluminium blocks, each 

possessing high conductivity, with dimensions of 50 x 100 x 

100 mm3. These blocks function as isothermal plates, there-

by promptly facilitating the attainment of thermal equilibri-

um within the system. Thermocouples T0, T1, and T2 are uti-

lized to measure the temperature and positioned at the center 

of the faces of the sample and the insulating foam. Equation 

(1) provides the thermal conductivity λ1 of the sample in a 

state of steady equilibrium. 

       (1) 

The given parameters include e1, representing the sample 

thickness; λ2, denoting the thermal conductivity with a value 

of 0.04 W.m
-1

.K
-1

; and e2, representing the thickness of the 

insulating foam with a value of 10 mm. Additionally, U re-

fers to the voltage applied to the terminals of the heating 

element, which has an electrical resistance of RΩ=40 Ω and 

a surface area of S=0.0105 m
2
. The experimental system was 

calibrated using a reference sample with a predetermined 

conductivity value. 

The thermal effusivity of a sample is determined by uti-

lizing the transient asymmetric hot plane method. The model 

of the system is predicated on the assumption of unidirec-

tional (1D) heat transfer occurring at the core of the speci-

men. The temperatures of the aluminium blocks are pre-

sumed to be constant and equivalent, owing to the low heat 

flux that penetrates through the polystyrene and their sub-

stantial thermal capacities. By utilizing the quadrupole for-

malism, it is possible to express the model as follows: 

 

=                (2) 

            (3) 

           (4) 

 is the Laplace transform of the temperature rise T(t); 

 is the Laplace transform of the heat flux density 

dissipated by the heater to the sample (upwards); 

 is the Laplace transform of the heat flux density 

dissipated by the heater to the polystyrene (downwards); 

 is the Laplace transform of the total heat flux density 

produced by the heater; 

 is the total heat flux density generated by the heater 

and  its heat capacity (  ); 

𝑅𝑐 is the contact resistance between the heater and the 

sample; 

 is the Laplace transform of the heat flux density 

reaching the aluminium block; 

 is the Laplace transform of the heat flux density 

reaching the lower aluminium block; 

p is the Laplace parameter; 

with: 

; ;                    (5) 

; ;                  (6) 

The thermal effusivity of the sample is denoted by 

, while the volumetric heat capacity of the 

sample is represented by . Finally, the thickness of the 

sample is indicated by e. Additionally, the thermal conduc-

tivity, thermal diffusivity, and thickness of polystyrene are 
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represented by  et , respectively. By utilizing the 

relationship between the last five equations, the value of θ 

can be derived. 

                 (7) 

The methodology employed in this approach involves es-

timating parameter values ( and ) by mini-

mizing the squared error  

between the theoretical values obtained via the inverse La-

place transformation of relation (7) and the corresponding 

experimental data points. The De Hoog algorithm [8] was 

utilized to perform the inverse Laplace transformation of 

relation (7). 

2.2. Mechanical Properties 

While these materials are primarily utilized for their ther-

mal characteristics, they must possess a certain mechanical 

strength. 

2.2.1. Compressive and Flexural Strength Tests 

The compressive strength of a material refers to its ability 

to resist failure under a Newtonian load Figure 7. The for-

mula for determining compressive strength is as follows: 

                     (8) 

 
Figure 7. Compressive test. 

Mechanical Flexural Strength is the maximum stress it can 

withstand before experiencing failure under bending condi-

tions. This technique is employed to ascertain the compara-

tive variation in the bonding potency among constituent par-

ticles within a substance. The experiments follow the guide-

lines of ASTM F 417 - 1996, utilizing a three-point bending 

apparatus. The sample is dehydrated using an oven set at a 

temperature of 105°C until a stable and unchanging weight is 

achieved. Following the cooling process, the object is posi-

tioned on a platen of a hydraulic press, supported by two 

parallel and horizontally oriented cylindrical structures. The 

platen is affixed to a piston that exhibits vertical movement. 

A dynamometer ring is connected to a crosshead, which 

supports a third cylindrical support that is symmetrical to the 

other two. This support is immobile and positioned above the 

specimen. The screen reading provides information regard-

ing the magnitude of the load that resulted in the fracture. 

The equation for calculating bending strength in MPa is as 

follows: 

               (9) 

With 

d: distance between cylindrical supports in mm, e: the 

thickness of the specimen in mm 

P: load applied at a break in N, l: width of the specimen in 

m. 

2.2.2. Abrasion Test 

The present examination is employed to ascertain the level 

of abrasion resistance exhibited by clay bricks utilized in the 

construction of facing masonry Figure 8. The abovemen-

tioned parameter is not inherently linked to mechanical po-

tency but typically strongly correlates with the soil's inherent 

characteristics. The specimen intended for examination is 

devoid of moisture. A wire brush with a weight of 6 kg is 

employed to cleanse the surface of the masonry facing that is 

exposed to precipitation. Each instance of the brush com-

pleting a full rotation is considered one cycle of scrubbing, 

and this process is repeated for a total of 50 cycles. The 

quantification process involves the determination of the 

weight of the substance eliminated by the brush. The materi-

al's dry weight is expressed per square centimetre of a 

brushed surface to obtain a test that is not dependent on the 

block's shape and size. Upon completion of the brushing 

process, the specimen is purged of any extraneous debris and 

subsequently quantified to ascertain the magnitude of the 

dislodged particulate matter. 

m= mo-m1               (10) 

The brushing surface (S) is also calculated. S=LI (11) 

With: 

L= Brushing surface (in cm); 

I= width of the brush (in cm) equals the brushed width of 

the specimen. 

The provided data can be used to determine each sample's 

abrasion coefficient. The abrasion coefficient, denoted as Ca, 

is the quotient of the brushed surface area (S) and the mass 

of material removed by brushing (g). 

Ca (cm2/g) = S/m          (12) 
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Figure 8. Abrasion test. 

2.2.3. Water Absorption 

The experiment involved conducting a test to ascertain the 

water absorption coefficient (A) of prismatic samples meas-

uring 4 cm x 4 cm x 16 cm, which had been subjected to 

drying at a temperature of 60°C. The determination of the 

water absorption coefficient (A) was based on measuring the 

mass of water absorbed over time and the base area. The 

calculation of the water absorption coefficient (A) was car-

ried out using the following formula: 

              (13) 

With 

m0: mass of the dried sample, m1: mass of the sample 

soaked in water for a time t 

S: bottom base area (4x4) cm² of the sample, t: absorption 

time in seconds 

Particle size analysis is typically the initial examination to 

determine the gauge's identification. [9]. 

3. Results and Discussion 

3.1. Thermal Conductivity 

The thermal conductivity values are 0.72, 0.54, 0.43, and 

0.38 (W/(m. K)) for plant aggregates with 0, 5, 10, and 15% 

content, respectively. The addition of plant aggregates per-

centage from 0 to 15% causes a 45% decrease in thermal 

conductivity compared to sample without reinforcement. The 

relationship between fiber size and thermal conductivity is 

inverse, whereby an increase in fiber size decreases the ma-

terial's thermal conductivity. Figure 9. This finding aligns 

with the inherent characteristic of cellulose as a material that 

provides thermal insulation. A strong correlation exists be-

tween the augmentation of total closed porosity in the mate-

rial and the reduction in thermal conductivity. The thermal 

conductivity of a material is reduced due to the deceleration 

of heat conduction caused by air-filled voids within it. Figure 

10 shows that the thermal conductivity logically increases 

with water content. The material being porous thermal con-

ductivity coefficient of water being higher than that of air. 

Minimizing thermal conductivity is advantageous for con-

struction as it curtails the transmission of thermal energy from 

the exterior surroundings to the interior and regulates the indoor 

temperature. Implementing effective thermal comfort measures 

in buildings can reduce energy costs, particularly in Northern 

Cameroon, where such expenses can significantly burden most 

of the population. Authors widely acknowledge that including 

plant-based fibers or aggregates can effectively decrease the 

conductivity measurements of clay plasters [10-13]. The out-

come mentioned above can be primarily elucidated by the aug-

mentation in porosity and the reduction in density. 

An inverse relationship exists between the quantity of 

plant material and thermal conductivity. The literature has 

extensively documented the enhancement of thermal insula-

tion by incorporating plant aggregates [14-16]. This phe-

nomenon can be attributed to the reduction in the density of 

the composite material. Composites' enhanced thermal insu-

lation efficacy highlights the significance of investigating 

earth blocks incorporating plant aggregates. The findings of 

our study are consistent with the outcomes reported by La-

borel [17]. 

 
Figure 9. Thermal conductivity of the material as a function of fiber content. 

1 0
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Figure 10. Thermal conductivity of the material as a function of water content. 

 
Figure 11. Thermal diffusivity of the material as a function of fiber content. 

Figure 11 is a physical property that describes the rate at 

which heat diffuses through a material in response to a tem-

perature gradient [18]. The abovementioned citation refers to 

the thermo-physical characteristic, which specifies the velocity 

at which thermal energy is transmitted via conduction in re-

sponse to alterations in temperature. The trend observed in the 

evolution of thermal diffusivity is consistent with that of ther-

mal conductivity, whereby the incorporation of fibers results 

in a decrease in thermal diffusivity. In contrast, an increase in 

the percentage of fiber addition leads to an increase in thermal 

diffusivity. The impact of the fibers' hollow structure and 

morphologies on heat transfer within the composite is a crucial 

factor that reduces the composite's thermal diffusivity and 

thermal conductivity. Thermal effusivity Figure 12 is a highly 

intriguing concept concerning the efficacy of thermal insula-

tion materials. The aforementioned parameter pertains to the 

material's surface heat absorption and release capacity [19]. 

Therefore, the determination of thermal conductivity and dif-

fusivity precedes calculating thermal effusivity values. It is 

worth noting that the thermal effusivity exhibits a decreasing 

trend as the fiber content increases. The present behaviour 

resembles the research. 
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Figure 12. Thermal effusivity of the material as a function of fiber content. 

The present behaviour resembles the research conducted 

by scholars cited as [6, 19-21], who investigated the impact 

of incorporating palm fibers into composites and concurred 

that such materials possess a reduced heat exchange capacity 

with their surroundings. The incorporation of 5% fiber re-

sults in a reduction of density in diverse composites. The 

decrease observed can be attributed primarily to the low 

weight of the integrated fibers and their porous composition, 

as noted in [19]. Furthermore, the augmentation of fiber 

content leads to a rise in the incorporation of air and voids 

within the composite material, as reported in [22]. As a result, 

these composite materials exhibit a notable weight reduction, 

as stated in [23]. 

  
 a. Experimental and modeled curves with residues                       b. Reduced sensitivity 
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c. Evolution of temperatures 

Figure 13. Simulation curves for front and rear face temperatures and reduced sensitivities to each temperature as a function of time. 

Figure 13 (a) displays the outcome of the minimization 

process for the experimental and theoretical thermograms, 

along with their respective residuals, for the given sample. 

The empirical data aligns closely with the theoretical curve 

up to t=300s, indicating the soundness of the 1D model 

within the sample's central region [7]. The residual curve 

depicted in the figure indicates a high degree of proximity 

and complete overlap between the experimental curve in red 

and the model curve in blue, specifically within the temporal 

range of 0 to 320 seconds. At this juncture, the residuals ex-

hibit a near-centralized distribution around the zero mark, 

and the transfer has persisted as unidirectional (1D). The 

impact of the initial thermal capacity of the heater on the 

heating process is discernible within the time frame of 0 to 5 

seconds. Examining these curves indicates that the sample 

upholds the semi-infinite medium assumption, which posits 

that the perturbation has not yet propagated to the other side 

during the brief interval of 2 to 22 seconds. 

The sensitivity analysis depicted in Figure 13 (b) is 

founded on the construal of the diminished temperature sen-

sitivities about a thermophysical parameter. The investiga-

tion of the reduced sensitivity curves facilitates the identifi-

cation of the time intervals during which the most accurate 

estimation of thermal effusivity and volumetric heat capacity 

can be ascertained. The figure illustrates the relationship 

between T sensitivity and ρCp and E. The sensitivity of T is 

limited to the range of 0 to 300 seconds concerning E and 

becomes sensitive to ρCp after 150 seconds. Therefore, a 

preliminary estimation of this particular material's activation 

energy (E) can be determined within 0 to 300 seconds. Con-

versely, the prediction of ρCp is limited to time intervals of 

150 seconds or greater. 

Figure 13 (c) demonstrates the convergence of the Tsim-

ul=f(t) and Tsemi-infini=f(t) curves. The findings suggest 

that the semi-infinite medium assumption holds, thereby 

enabling the estimation of thermal effusivity. In addition, the 

pre-estimated value of the volumetric heat capacity can also 

be evaluated. 

3.2. Mechanical Characterization 

3.2.1. Compressive Strength 

The compressive strength values are 6.3, 8.5, 6.1, and 5.6, 

respectively, corresponding to 0, 5, 10, and 15% reinforce-

ments in the matrix clay. As illustrated in Figure 14, the only 

addition of plant aggregates in the matrix clay, which im-

proves the compressive strength, is 5% compared to the 

compressive strength of the sample without adding plant 

aggregates. Therefore, the addition of 5% contributes to the 

improvement of the compressive strength of 35%. The addi-

tion of fibers increases compressive strength up to a concen-

tration of 5%, beyond which the strength decreases. Figure 

14. The improvement in compressive strength is related to 

the homogeneous microstructure due to fewer pores. Fur-

thermore, the adequate bonding between the fibers and the 

clay matrix impedes the propagation of cracks and enhances 

the compressive strength, as stated in [24]. Several studies 

have indicated that incorporating plant fibers has led to a 

notable enhancement in strength [24-28]. In certain instances, 

the reduction in compressive strength can be attributed to 

inadequate adhesion between the fibers and the matrix, 

thereby facilitating the fibers' propensity to slip easily [29, 

30]. Furthermore, incorporating plant fibers reduces the sub-

stance's dry density, leading to a decline in its strength, as 

stated in sources [16, 31]. According to previous research 

[32], there is a negative correlation between porosity and 

compressive strength, where an increase in porosity results in 

a decrease in compressive strength. The literature has exten-

sively examined the impact of natural fibers on mechanical 
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properties. However, it is essential to note that the properties 

of the specimen being tested, such as size, test method, the 

composition of the mixture, percentage, and type of fiber, 

can vary and therefore prevent any generalizations from be-

ing made [33]. 

 
Figure 14. Compressive and flexural strength as a function of fiber content. 

The thermophysical properties are increasingly improved 

as the plant aggregate contents increase. The best composition 

promoting thermal comfort in the building corresponds to a 

composition reinforced with 15% aggregate additions. Fur-

thermore, the gain in thermal comfort due to improved ther-

mophysical properties is accompanied by the weakening of 

mechanical properties [24]. However, the lowest compressive 

strength value (5.6MPa) corresponding to the composition 

with adding 15% of plant aggregates remains acceptable and 

slightly higher than 4.5MPa, the recommended compressive 

strength value for earth bricks to be used in load-bearing walls. 

The weakening of the mechanical properties despite the im-

provement in the thermophysical properties of earth bri-

quettes with the addition of plant aggregates has been proven 

by [24]. 

3.2.2. Flexural Strength 

The findings depicted in Figure 14 indicate that including 

fibers enhances flexural strength at a 5% fiber concentration. 

This outcome is consistent with prior research [26, 34-37], 

demonstrating that incorporating fibers increased tensile and 

flexural strength across earthen materials. Incorporating ke-

naf fibers at varying percentages and lengths increased the 

flexural strength of adobe blocks. This can be attributed to 

the superior strength of the fibers, as well as their adequate 

adhesion and distribution within the clay matrix, as reported 

in [24]. The study found that incorporating banana fibers, 

particularly those with 60 and 70 mm lengths, enhanced 

flexural strength, as reported in [25]. According to a study, 

incorporating kenaf fibers at varying percentages and lengths 

increased the flexural strength of adobe blocks. This can be 

attributed to the superior strength of the fibers, as well as 

their adequate adhesion and distribution within the clay ma-

trix [24]. 

The incorporation of banana fibers, particularly those with 

fiber lengths of 60 and 70 mm, has enhanced flexural 

strength, as reported in [25]. Incorporating 25% sheep's wool 

resulted in a 30% enhancement in flexural strength, as re-

ported in [26]. This phenomenon is attributed to the fibers' 

ability to restrict crack propagation through heightened fric-

tion at the interface between the fiber and matrix, as noted in 

[26] and [34]. The elongation of fibers has been noted to be 

most significant in soils with a high clay content, as docu-

mented in [28]. A decrease is observed in the presence of 10% 

fiber. The incorporation of cotton waste [38] and manioc 

peel [39] has been found to result in a reduction in flexural 

strength. The observed phenomenon has been ascribed to 

several factors, including the heterogeneous nature of the 

material, insufficient adhesion due to lower cohesive and 

frictional forces, the brittleness of the fibers, reduction in the 

volume of the mineral matrix, and decreased compaction 

resulting from fiber incorporation [15, 40]. 

3.2.3. Abrasion Coefficient 

Figure 15 illustrates the progression of the abrasion coef-

ficient across varying fiber concentrations of 0%, 5%, 10%, 

and 15%. A meticulous examination of the abovementioned 

figure reveals that the coefficient exhibits a declining trend 
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as the fiber content ranges from 0 to 10%, followed by an ascending trend for fiber contents beyond this range. 

 
Figure 15. Abrasion coefficient. 

The findings about the abrasion coefficient are deemed 

satisfactory, as they suggest that the materials reinforced 

with fibers exhibit more excellent mechanical durability (in 

the context of animal contact or rubbing) than the fiberless 

material. Thus, it can be inferred that incorporating fibers 

into the soil may yield a favourable or unfavourable outcome 

regarding the abrasion coefficient [41-43]. Furthermore, the 

enhanced interfacial adhesion between the fibers and the clay 

matrix improves material durability, imparting commendable 

resistance to external erosive forces. 

3.2.4. Water Absorption 

Figure 16 illustrates the variation of the immersion water 

absorption coefficient of the material concerning the fiber 

content evolution. The degree of water absorption of the mate-

rial exhibits positively correlates with the quantity of fiber 

present. The augmentation of water absorption resulting from 

including fibers is primarily attributed to the elevated cellulose 

concentration within the fibers, which is hydrophilic. The cel-

lulose fibers' absorbent properties facilitate the creation of a 

conduit within the clay matrix, enabling water to ascend 

through capillary action [31, 44]. The hydrophilic properties of 

plant fibers are widely recognized. As reported in previous 

studies, incorporating natural fibers into stabilized soils has 

enhanced water absorption owing to their remarkable absorp-

tive capacity [38, 45]. According to Algin and Turgut's re-

search [38], there is a direct relationship between the quantity 

of cotton waste and the water absorption level. 

 
Figure 16. Absorption water coefficient in the function of fibre content. 
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A 40% increase in cotton content (by volume) resulted in a 

doubling of the water absorption capacity of the material, 

from 12.5% to 27.2%. The absorption phenomenon is crucial 

in determining the fibers' and matrix adhesion characteristics. 

Water absorption causes the swelling of fibers, resulting in 

soil repulsion, and conversely, the reduction in fiber volume 

during drying, leading to voids around them, has been doc-

umented [46]. 

4. Conclusion 

The primary aim of this research was to investigate the 

mechanical and thermophysical properties of utilizing plant 

fibers to enhance energy efficiency in buildings. The intro-

duction of plant fibers at varying percentages (0%, 5%, 10%, 

and 15%) yielded positive results in several aspects: 

Incorporating plant aggregates in different percentages re-

sulted in a 45% reduction in thermal conductivity compared to 

samples without reinforcement. An inverse relationship be-

tween fiber size and thermal conductivity was observed, 

which is advantageous in climates with high temperatures, 

reaching up to 50°C. 

The compressive strength values were as follows: 6.3 MPa 

for 0% reinforcement, 8.5 MPa for 5% reinforcement, 6.1 

MPa for 10% reinforcement, and 5.6 MPa for 15% rein-

forcement in the clay matrix. Adding 5% fibers led to a 35% 

improvement in compressive strength. However, beyond the 

5% concentration, the strength began to decrease. Mud bricks 

with a compressive strength between 2 and 4 MPa are suitable 

for non-load-bearing walls, while those with a compressive 

strength above 4 MPa are recommended for load-bearing 

walls. The materials do not have any disadvantages when used 

as load-bearing walls. 

Our research has various applications, including: 

Due to the thermal and moisture-regulating properties of 

our materials, we are creating structures capable of with-

standing extreme climatic events. 

To support sustainable living, construct resilient housing 

in rural areas vulnerable to natural disasters. 

We use our materials to renovate and restore historic 

buildings while preserving their architectural integrity. 

This work is subject to limitations due to laboratory condi-

tions that imposed dimensions and formed samples that dif-

fer from those used by the craftsmen. Studying the micro-

structure and chemical and mineralogical composition of the 

materials used is essential to understanding the relationship 

between the soil matrix and plant aggregates and analyzing 

their acoustic properties. 
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