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 This paper aims to study the feasibility of implementing a new bio-composite with a 

sandwich structure made from date palm tree waste. This is done by valuing such waste, 

often left in palm groves and burned under most circumstances, which can be a vital 

resource at the lowest cost. This work has developed sseveral sandwich-structured 

composite plates based on this waste. The skins are composite materials based on an 

epoxy matrix and palm tree fibers (Epoxy/Rachis fibers); the core was made of raw wood 

or a composite with petiole wood particles. After three-point mechanical bending tests, 

macroscopic analysis and SEM micrographs were used to determine what kind of damage 

the specimen had. Characterization tests on the new bio-composites showed good thermal 

properties; with a thermal conductivity below 1W/mK is between 0.0148W/mK and 

0.0178W/mK. It is also characterized by its low volumetric mass, less than 1.2g/cm3. 

These properties make it a good thermal insulator, especially in environmentally friendly 

bio-construction areas making a sandwich-structured composite using palm tree waste is 

a very effective, environmentally friendly, and economically inexpensive option. 
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1. INTRODUCTION 
 

The implementation technique of sandwich panels is a well-

known and long-used technique in many industries. These 

structures are characterized by their lightweight and good 

properties, such as thermal and acoustic insulation, impact 

resistance, and fatigue resistance. These properties are directly 

related to the choice of material for the two skins and the core, 

and the quality of their interfaces. Plant-based materials are of 

great environmental interest in the production these sandwich 

panels. For this, several researchers have studied the 

mechanical behavior of bio-composites used in the 

manufacture of sandwich-structure d composite. The studies 

presented have demonstrated that composite materials' 

mechanical properties of composite materials improve when 

reinforced with fibers of plant origin. The mechanical and 

thermal properties of the polyester matrix are improved 

depending on the ratio of Diss or date palm fibers added, which 

is from 5% to 20% [1-3]. This was also observed when the 

epoxy matrix was reinforced with date palm tree fibers from 

different extraction zone [4, 5]. 

Furthermore, studies have shown an improvement in the 

mechanical, physical and thermal properties of sandwich 

structure after adding plant-based materials, such as cores or 

skins, to their composition [6-12]. 

Indeed, the current evolution of the production processes of 

bio-composite materials led us to observe an increase in the 

use of these materials in various sectors, particularly the 

manufacture of composite materials for the elements of 

insulation. This may be due to the good physico-mechanical 

properties of these materials [13-16]. Although the idea of 

using fibrous wood and fibers extracted from the waste date 

palm tree in the materials industry is recent, compared to the 

use of other varieties of wood and plant fibers [4-6], we find 

the use of fibrous palm wood as an alternative to traditional 

wood residues in the manufacture of various industrial wood 

panels (MDF, HDF, LDF, etc.). This technology is used by 

many industrial manufacturers worldwide [17, 18]. 

In this context, several studies have interested in the use of 

palm waste in the manufacture of sandwich structure and the 

study of their mechanical properties. The sandwich structure 

was prepared using "wooden" petioles to optimize the design 

of the sandwich core in the directions (longitudinal, transverse 

and diagonal) and short palm fibers (5%, 10%, and 15%) were 

used to reinforce epoxy skin. Three-point bending tests proved 

the mechanical efficiency of this sandwich structure. Despite 

the dominant failure modes in the lower part of the skin and 

the core center, the cracks also propagated in the direction 

transverse to the core. Furthermore, studies have also proven 

the effectiveness of particle boards made from date palm 

petiole in thermal insulation [19, 20]. 

However, most studies have been limited to exploiting date 

palm tree waste as a unique part of the components of 

sandwich structures, such as the core or skin. This raises the 

question of the possibility of developing a sandwich structure 

in which all the components are extracted from date palm tree 

Revue des Composites et des Matériaux Avancés-Journal 
of Composite and Advanced Materials  

Vol. 34, No. 2, April, 2024, pp. 169-176 
 

Journal homepage: http://iieta.org/journals/rcma 
 

169

https://orcid.org/0009-0004-8012-611X
https://orcid.org/0009-0008-2680-3692
https://orcid.org/0009-0003-5253-1161
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.18280/rcma.340206&domain=pdf


waste. 

Furthermore, these studies still need to be more extensive in 

number and insufficient to collect all the scientific information 

on the physical, thermal and mechanical properties of these 

bio-structures. The search for the ideal structure of this bio-

composite remains an open area of study. This can be done by 

studying the thermal, physical and mechanical properties of 

the sandwich structure bio-composite. This will give us the 

information to choose the best places to use this new 

biocomposite. 

This study focused on developing novel bio-composites 

with a sandwich structure derived from date palm tree waste. 

Different types of cores are used in these new sandwich 

structures. For example, agglomerated cork, fibrous wood 

from the petiole, and wood particle panels from the petiole are 

used as samples to study their mechanical, physical, and 

thermal properties. The skins of these new materials are made 

of a bio-composite material based on short rachis fibers and an 

epoxy matrix. These tests make it possible to determine this 

new compound's physical, mechanical and thermal properties 

depending on the results obtained, we can identify these new 

bio-composite and classify it as a new bio-structure compared 

to conventional sandwich-structured composite. This allows 

us to determine the possible areas of use for this bio-composite. 

As well as choosing the best core for thermal insulation. 

Figure 1 represents a summary graph of the most important 

steps of the study, including the preparation method of the 

sandwich structure, the materials used, and the tests carried out 

in this study. 

Figure 1. Graphical abstract 

2. CHOICE OF COMPONENTS OF THE SANDWICH

STRUCTURE SETUP

The selection of materials used in this study was based on 

the results obtained from previous studies [21, 22]. This 

provided a complete description of the materials used as skins 

and cores to prepare these novel bio-composites with a 

sandwich structure, as shown in Table 1. 

Figure 2 shows the different materials used. 

2.1 Skins 

The skins used to prepare the new sandwich structure are 

composite materials based on an epoxy matrix and palm tree 

fibers (Epoxy/Rachis fibers) for a mass fraction of 10% of 

fibers (EFR10). Figure 3 represents the main stages of 

preparation of these composite material plates, EFR10. This 

selection is based on previous studies [21], which show that 

bio-composites have good mechanical, physical and thermal 

properties (Table 1) by comparing them to other bio-

composite with different mass ratios of fibers (4%, 7%, and 

15%). 

Figure 2. Materials used in novel bio-composites with a 

sandwich structure 

Figure 3. The main preparation steps of (EFR10) are used as 

the skin of the new sandwich-structured composite 

Table 1. Physical, thermal, and mechanical properties of components used in the preparation of sandwich structured composite 

(Core and Skin) 

Core 

Physical [21] Thermal [21] Mechanical [21] 

Density [g/cm3] 

Thermal 

Conductivity 

[W/mk] 

Thermal 

Diffisivity 

[mm2/s] 

Specific heat 

[MJ/m3K] 

Flexural modulus 

[MPa] 
Maximum stress [MPa] 

BPB 0.19±0.05 0.093±0.001 0.598±0.011 0.135±0.004 585±10 10.5±2.5 

CBP1 0.53±0.03 0.123±0.001 0.491±0.009 0.252±0.011 788±35 12.6±2.45 

CBP3 0.23±0.04 0.120±0.001 0.461±0.015 0.259±0.006 200±51 4.01±1.33 

CBP5 0.18±0.02 0.093±0.003 0.588±0.017 0.162±0.037 145±18 2.38±1.66 

Skin Physical Thermal Mechanical [22] 

Density [g/cm3] 

Thermal 

Conductivity 

[W/mk] 

Thermal 

Diffisivity 

[mm2/s] 

Specific heat 

[MJ/m3K] 
E [GPa] ɛmax [mm/mm] σmax [MPa] 

EFR10 0.98±0.34 0.232±0.004 0.219±0.007 1.063±0.028 0.52±0. 06 0.044±0.002 15.07±1.10 
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2.2 Cores 

 

The materials used in elaboration of the cores are aw and 

composite with petiole wood particles. Raw petiole wood 

(BPB) was used for raw materials. The development and study 

of petiole wood particle (CBPx, x: 1, 3, 5) composites used are 

described in the studies [22]. In addition, cork agglomerated 

with granules of 2 to 3mm (PL3) was used to compare the 

properties obtained according to the nature of the core. Figure 

4 presents the different materials used as the cores in sandwich 

structured composite. 

 

 
 

Figure 4. Materials used as the core of novel bio-composites 

with a sandwich structure 

 

 

3. PREPARATION OF SPECIMENS 

 

The preparation of new sandwich-structured composite 

plates was carried out by a method of direct adhesion with the 

skin matrix without the use of adhesive. This is done using a 

removable plastic mold used for the skin molding (EFR10). 

This allows us to obtain skin with smooth surfaces. 

Next, the sheets of agglomerated cork (PL3), raw wood 

(BPB), or particles (CBPx) are placed on these molds for 20 

minutes to obtain the bonding of the first side of the sandwich 

structured composite. In this case it depends on the property of 

the chosen matrix [21] and the weight of the core plate to be 

glued. Under the same ambient temperature conditions of 

30°C, the second skin is glued using the same bonding 

protocol as the first. 

Finally, after stabilizing the plates obtained from composite 

structure in sandwiches for 72 hours in an oven at a constant 

temperature of 25°C (Figure 5), the specimens were cut using 

a diamond disc saw. The specimens obtained after cutting are 

coded according to the nature and particle size of the core 

(SBPB, SBP1, SBP3, SBP5 and SPL3). 

 

 
 

Figure 5. Protocol for the preparation of new sandwich-

structured composite plates 

 
 

Figure 6. Sandwich structured composite specimens 

 

Figure 6 represents standardized specimens obtained after 

cutting for physical, thermal and mechanical testing. 

 

 

4. PHYSICAL AND THERMAL TEST 

 

4.1 Density 

 

The density is measured on six specimens from each 

sandwich structured composite plaque produced according to 

standard NF B51-005 (AFNOR, 1985a). We determine the 

weight of each sample at 12% moisture using an electronic 

balance (Kern V3.1) with an accuracy of 0.0001g. Moreover, 

this in a closed field conditioned at 20°C and 65% humidity. 

The specimen’s size is determined geometrically. Dimensions 

are measured six times for one specimen using a measuring 

instrument with an accuracy of 0.01mm. The density (ρ) at 12% 

humidity, expressed in (g/cm³), is calculated according to the 

following relation. 

 

𝜌12% =
𝑚12%

𝑉𝑠/12%
 (1) 

 

where, ρ12% is the density at 12% moisture, m12% is the mass at 

12% moisture, and Vs/12%: is the average volume of the 

specimen at 12% humidity. 

 

4.2 Thermal properties 

 

measured on specimens with dimensions of (100*100*20) 

mm3, Measured with a HOT Disk TPS 500 thermal 

characterization device with a maximum temperature probe of 

60°C. The measurements were made under 36°C temperature 

and 60% humidity. The measured thermal properties are 

thermal conductivity, thermal diffusivity, and specific heat of 

the sandwich’s specimens, different by core type. 

 

 

5. MECHANICAL CHARACTERIZATION 

 

5.1 Three-point bending tests 

 

The three-point bending tests on the sandwich beams make 

it possible to determine the overall modulus of rigidity of each 

type of these elaborate sandwiches. These tests were 

conducted on specimens of a beam size (140*20*20) mm3 

according to NF EN ISO 178 and ASTM C393-62. They were 

carried out by applying the load in the direction perpendicular 

to the upper surface of the specimen. The specimen was placed 
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on two supports 80mm apart (Figure 7). These tests were 

conducted on a universal machine type INSTRON 5969 using 

a 5KN capacity cell with a 1mm/min displacement speed. 

 

 
 

Figure 7. Sandwich beam specimens in three-point bending 

test 

 
The sandwich beam dimension of length l and width b 

consists of two symmetrical skins of thickness h1 and a core of 

thickness h stressed in bending three points. 

The mechanical characteristics were calculated from the 

load-displacement curve obtained by five three-point bending 

tests for each type of sandwich beam. 

The deflection δ of the sandwich structure at the loading 

point in the case of three-point bending tests is due to bending 

and shears deformations. Shear deformation is dominant in the 

core of the sandwich. Therefore, the elastic deflection can be 

expressed as follows [10, 11, 23, 24]. 

 
𝛿 = 𝛿𝑓 + 𝛿𝑐 (2) 

 

𝛿 =
𝑃𝐿3

48𝐷
+
𝑃𝐿

4𝑆
 (3) 

 

𝛿 = [
𝐿3

48𝐷
+

𝐿

4𝑆
] 𝑃 (4) 

 

𝛿 = [𝐹𝐺]𝑃 or 𝑃 = [𝐷𝐺]𝛿 

 

with; 

 

𝐷𝐺 =
1

𝐹𝐺
 (5) 

 

P: The charge applied in the medium; 

D: The bending rigidity of the sandwich; 

S: Shear stiffness of the core; 

FG: The overall flexibility of the sandwich; 

DG: The overall stiffness. 

 

The overall stiffness DG is determined experimentally by the 

three-point bending test, where DG represents the slope of the 

load-displacement curve. Eq. (5) is valid only for the 

beginning of bending tests when the deflection is relatively 

small (elastic zone) [7, 8]. 

5.2 Observations of fracture surfaces after three-point 

bending tests 

 

This macroscopic analysis is based on taking digital photos 

of the samples and the fracture surfaces of the different types 

of sandwiches produced. These images are taken during 

continuous three-point bending tests until the specimen is 

destroyed. Images captured every 30 seconds with a camera 

fixed at 40cm from the test specimen are selected. From this 

experiment, we can determine the type of rupture and 

endurance for each type of structure depending on the type of 

core used. An electron microscope, TESCAN VEGA3, was 

also used to investigate the matrix/fiber cohesion at the skin 

level after the specimen was fracture. Samples were frozen in 

liquid nitrogen, broken, mounted, coated with silver, and 

observed using an applied voltage of 10kV. 

 

 
6. RESULTS AND DISCUSSION 

 

6.1 Density 

 

The results obtained by calculating the volumetric mass of 

the sandwich-structured composite with different bio-cores are 

presented in the following Figure 8. 

 

 
 

Figure 8. Density of sandwich-structured composite with 

different bio-cores 

 
It can be seen from the results presented in Figure 8 that the 

density values of the sandwich-structured composite change 

depending on the type of bio-core used. The density values of 

SBP1 were much higher than the others. This is due to its high, 

core density value, which ranges between 0.50 and 0.56 g/cm3. 

The density values of the structures SBP5 and SBP3 with 

SBPB of the raw wood core are remarkably identical. Values 

range from 0.68 to 1.56 g/cm3. In general, using date palm 

waste as the core of the sandwich-structured composite gives 

the composite a density that can be considered very acceptable 

compared to the use of cork, as shown by the results in Table 

2. Low density values for sandwich-structured composite are 

technically desirable, but variation in values obtained due to 

different cores can affect the mechanical and thermal 

properties of composite. 
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Table 2. Physical and thermal properties of new sandwich-structured composite 

 
Properties Thermal Physical 

Materals Thermal Conductivity [W/mk] Thermal Diffisivity [mm2/s] Specific heat [MJ/m3K] Density [g/cm3] 

SPL3 0.156±0.002 0.406±0.020 0.618±0.040 1.024±0.381 

SBPB 0.161±0.011 0.407±0.004 0.596±0.002 0.999±0.332 

SBP1 0.177±0.001 0.355±0.009 0.658±0.012 1.162±0.400 

SBP3 0.176±0.001 0.341±0.016 0.662±0.008 1.019±0.320 

SBP5 0.152±0.004 0.403±0.018 0.613±0.039 0.994±0.312 

 

6.2 Thermal properties 

 

We can observe that the thermal property values given in 

Table 1 for the materials used as cores in the sandwich of the 

new structure directly impact on the measured thermal 

property values of the new sandwich structure s, as shown in 

Figure 9. 

 

 
 

Figure 9. Thermal properties of new sandwich-structured 

composite with different bio-cores 

 

We observe that the thermal conductivity of sandwich-

structured composite (SBPx) materials decreases with 

increasing core particle size used. The values become very 

close to the thermal conductivity value of the composite with 

a cork core. Bio-composite (SBP5) has the lowest thermal 

conductivity value, 0.0148 to 0.0156W/mK. Generally 

speaking, a structure- sandwich with a date palm wood core, 

whether raw or particle has good thermal properties and can 

be considered a good insulator. 

These results are considered very acceptable compared to 

those obtained with coconut wood, linen, wood fibers, and 

cork, which are between 0.042 and 0.087W/mK [24-26]. 

The results obtained by thermal and physical measurements 

on different sandwich specimens are presented in Table 2. 

 

6.3 Three-point bending tests 

 

The results of the three-point bending tests on different 

sandwich beams based on date palm tree (SBPB, SBP1, SBP3, 

and SBP5) are presented by load-displacement curves (Figure 

10). The curves give the evolution of the applied load as a 

function of the arrow taken in the middle of the beam for 

different types of core. In all cases of the types of sandwich-

structured composite tested, the three-point bending 

mechanical behavior is similar. The three main phases are a 

linear increase of the applied load with the deflection, a 

nonlinear behavior up to the maximum load, and the fall of the 

load until the final rupture of the specimen. 

 

 
 

Figure 10. Example of load-displacement curves during 

three-point bending tests on different sandwich-structured 

composite beams 

 

In the linear part, the overall stiffness DG is determined by 

calculating the slope of the load-displacement curve (Formula 

5). 

The experimental values of the overall stiffness DG (N/mm) 

and the maximum load of the new sandwich structure studied 

obtained from the load-deflection curves are presented in 

Table 3. 

 

Table 3. Results of the three-point flexure test for new 

sandwich structure d composite specimens 

 
Specimens Pmax [N] δmax [mm] DG [N/mm] 

SBPB 

SBP1 

SBP3 

SBP5  

SPL3 

551.33±120.8 

1058.69±70.04 

402.14±67.56 

329.93±16.64 

351.02±115.60 

2.82±1.79 

1.91±0.06 

3.18±0.15 

3.06±0.44 

6.00±2.50 

550.23±7.74 

818.91±32.77 

485.90±17.06 

355.83±34.74 

128.99±8.56 

 

According to the results obtained and presented in Table 3. 

We note that overall stiffness and maximum force values 

vary according to the type and size of particles used in the core. 

These results show an acceptable average of the standard 

deviations concerning the overall stiffness DG measurement, 

with values reaching 23%. This is due to similar conditions 

when performing mechanical tests. Note that there is an 

improvement in the overall stiffness values of sandwiches with 

a particle core of petiole wood (CBP1) compared to the core 

of raw petiole wood (BPB), while the values of overall 

stiffness decrease with the increase in the size of the core 

particles CBP3 and CBP5. 

On the other hand, it should be noted that the overall 

stiffness in petiole-based sandwiches is higher compared to 

sandwiches with an agglomerated cork core SPL3 (Figure 11). 

The variation in the values of overall stiffness in sandwich-

structured composite depends on the nature and size of the 
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core particles. Moreover, the variation of the overall stiffness 

according to the nature of the skins was studied by several 

researchers for the different sandwich-structured composite 

with cork core (PL3) [15, 18, 27, 28]. The results obtained 

were greater than the value of the overall stiffness of SPL3. 

This is due to the elasticity modulus of the skins used. 

 

 
 

Figure 11. Variation of the overall stiffness of new 

sandwich structure d composite to different nature and size of 

the core particles 

 

6.4 Observations of fracture surfaces after three-point 

bending tests 

 

Digital images of the specimens are obtained during the 

bending test; they show the diffusion of the rupture surfaces of 

the different types of sandwich-structured composites tested 

by the three-point bending force. 

Figure 12 allows us to observe the steps leading to the 

rupture of a sandwich structure specimen during the three-

point bending test. 

 

 
 

Figure 12. Macroscopic observations of the fracture stages of 

a specimen 

 

These macroscopic observations observed two types of core 

failure: transverse shear failure "A" and longitudinal shear 

failure "C". The sandwich fracture begins with core damage 

by transverse shear failure "A". This is followed by 

compression damage to the upper skin. This deformation step 

is detected on the curves of Figure 10 after the linear part of 

the curves. The transverse shear failure began to develop from 

the upper skin and core "B" followed by the longitudinal shear 

in the medium plane to the end of the specimen "C" and thus 

the final ruin of the new sandwich-structured composite. 

Figure 13 shows the fracture faces of the various sandwich-

structured compositees (SBPB, SBP1, SBP3, SBP5, and SPL3) 

after the three-point bending tests. Skin repture and the 

examination area are also visible through the electron 

microscope. 

From the macroscopic observation of the fracture surfaces 

of the sandwiches, a transverse rupture along the width of the 

specimen in the skins, visible in Figure 13 (F). Concerning the 

ruptures in the core of sandwiches, two different types of 

ruptures are noted according to the nature of heart. Transverse 

rupture in the cork core SPL3 (Figure 13 (C)) and longitudinal 

and transverse rupture according to fiber direction SBP1 

(Figure 13 (B)) and SBPB (Figure 13 (A)). For particle sizes 

greater than 1mm, core breaks are tortuous through particles 

SBP3 (Figure 13 (D)) and SBP5 (Figure 12 (E)). 

This difference may be due to the nature and size of the 

granules of the cores. The larger the particle size, the larger the 

space between them, thus increasing the ratio of the natural 

bonding matrix. This explains the propagation of the fracture 

around the core granules. We also observed that despite the 

complete crash of the different sandwich structure involving 

different cores, there was no damage between the skin and the 

core in this bio-composite. This may be due to the technique 

used to prepare these structures, the matrix's nature, and the 

material's morphology used as the core. 

 

 
 

Figure 13. Macroscopic observations of the fracture surfaces 

of the various sandwich structures 

 

 
 

Figure 14. SEM micrographs of the skins after the three-

point bending test 
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Figure 14 show SEM micrographs of fracture surfaces of 

skin bio-composite materials. Significant damage can be 

observed in the matrix, as there are two types of fractures; as 

shown in Figure 14 (a). However, despite the matrix's; 

destruction and the fibres' rupture within the skins, there is a 

good connection between the fibers and the matrix. This 

property could be the origin of the good mechanical properties 

of the new structure- sandwich. 

 

 

7. CONCLUSIONS 

 

This study conducted a physical, thermal and mechanical 

characterization of a new sandwich structure composite. The 

new sandwich structure composite was prepared with identical 

skins (Epoxy/fibers) but with different cores (Raw petiole 

wood, Petiole wood particle and, Cork agglomerated). 

The load-displacement curves obtained by the three-point 

bending tests made it possible to calculate the overall stiffness 

DG of each type of this bio-composite with sandwich-

structured composite. 

The overall stiffness value of the sandwich with a core 

particle size 3 is high compared to the core of raw petiole wood. 

The overall stiffness of palm wood-based sandwiches is higher 

than those with an agglomerated cork core. This is due to the 

type of matrix used and the morphological characteristics of 

the core used extracted from date palm wood, which is 

considered a very porous material. 

The macroscopic observation of the fracture faces shows 

good adhesion between the skin and the heart. This is due to 

the method used in the bio-composite preparation, which 

shows its relevance since delaminating between the skin and 

the heart is absent. 

This new type of sandwich-structured composite has good 

thermal properties because the thermal conductivity below 

1W/m K is between 0.0148W/m K and 0.0178W/m K. It is 

also characterized by its low volumetric mass, less than 

1.2g/cm3. These properties are attracting interest, particularly 

in the insulating panel industry. This product will also be 

inexpensive, Ecological and recyclable. 

In conclusion, using materials extracted from the date palm 

tree waste (Fibrous wood and Fibers) associated with the 

chosen implementation to prepare novel bio-composite with 

sandwich structures yields satisfactory physical, thermal, and 

mechanical properties. This makes it a good bio-insulator that 

we can count on in the thermal insulation adapted to the 

environment, especially the desert environment characterized 

by high temperatures exceeding 40°C. 

Thus, we can utilize date palm waste by manufacturing low-

cost ecological and efficient insulation structures because 

unexploited waste that is burned in the palm groves. 

We can also emphasize the need to research new types of 

matrices used as skins. Then, study their effect on this new 

sandwich-structured composite's physical, thermal, and 

mechanical properties. Such a study opens the door to greater 

repurposing of this waste. 

 

 

ACKNOWLEDGMENT 

 
This research work was supported by the General Direction 

of Scientific Research and Technological Development 

(DGRSDT), Algeria. 

 

REFERENCES 

 

[1] Touam, L., Derfouf, S. (2021). Effect of the varying 

percentage diss fiber on mechanical behaviour of the 

based polyester bio-composite. Journal of Composite & 

Advanced Materials/Revue des Composites et des 

Matériaux Avancés, 31(3). 

https://doi.org/10.18280/rcma.310309 

[2] Masri, T., Ounis, H., Sedira, L., Kaci, A., Benchabane, 

A. (2018). Characterization of new composite material 

based on date palm leaflets and expanded polystyrene 

wastes. Construction and Building Materials, 164: 410-

418. https://doi.org/10.1016/j.conbuildmat.2017.12.197 

[3] Tamilselvi, S., Kavitha, R., Usharani, M., Mumjitha, M., 

Mohanapriya, S., Mohanapriya, S. (2021). Mechanical 

characterization of bio composite films as a novel drug 

carrier platform for sustained release of 5-fluorouracil for 

colon cancer: Methodological investigation. Journal of 

the Mechanical Behavior of Biomedical Materials, 115: 

104266. https://doi.org/10.1016/j.jmbbm.2020.104266. 

[4] Djebloun, Y., Hecini, M. (2022). Phisycal and 

thermomechanical characteristics of epoxy 

biocomposites laminates reinforced by mat of date palm 

tree fibers. Journal of Composite & Advanced 

Materials/Revue des Composites et des Matériaux 

Avancés, 32(6). https://doi.org/10.18280/rcma.320603 

[5] Djoudi, T., Hecini, M., Djebloun, Y., Djemai, H. (2018). 

Caractérisation physico-mécanique des matériaux bio-

composites epoxyfibres de palmier dattier. Material & 

Processes. University of Eloued. 

[6] Djemai, H., Hecini, M., Djoudi, T., Djebloun, Y. (2018). 

Caractéristique mécanique de deux sandwichs différents 

constitués par des matériaux bio-sources. University of 

Eloued. 

[7] Djemai, H., Hecini, M., Labed, A. (2016). On the 

characterization of sandwich panels for solar flat plate 

collectors’ applications: Theoretical and experimental 

investigation. Journal of Applied Engineering Science & 

Technology, 2(1): 15-22. 

https://www.univbiskra.dz/revues/index.php/jaest/articl

e/view/1508. 

[8] Chemami, A. (2012). Etude de la performance des 

matériaux composites sandwichs-Application en fatigue. 

Doctoral Dissertation, Annaba. 

[9] Arias, F., Kenis, P.J., Xu, B., Deng, T., Schueller, O.J., 

Whitesides, G.M., Sugimura, Y., Evans, A.G. (2001). 

Fabrication and characterization of microscale sandwich 

beams. Journal of Materials Research, 16(2): 597-605. 

https://doi.org/10.1557/JMR.2001.0086 

[10] Kelsey, S., Gellatly, R.A., Clark, B.W. (1958). The shear 

modulus of foil honeycomb cores: A theoretical and 

experimental investigation on cores used in sandwich 

construction. Aircraft Engineering and Aerospace 

Technology, 30(10): 294-302. 

https://doi.org/10.1108/eb033026. 

[11] CARACTÉRISATIONS, É.C.E. (2009). Jamal eddine 

arbaoui. Doctoral dissertation, Université Paul Verlaine-

Metz. 

[12] Ohijeagbon, I., Aransiola, O., Adeleke, A., Omoniyi, P., 

Ikubanni, P., Oguntayo, D. (2023). Composite tiles 

produced from granite dust and tree pruning using a 

sandwiched method. Revue des Composites et des 

Matériaux Avancés, 33(4): 211-218. 

https://doi.org/10.18280/rcma.330401 

175



 

[13] Agoudjil, B., Benchabane, A., Boudenne, A., Ibos, L., 

Fois, M. (2011). Renewable materials to reduce building 

heat loss: Characterization of date palm wood. Energy 

and Buildings, 43(2-3): 491-497. 

https://doi.org/10.1016/j.enbuild.2010.10.014 

[14] Chennouf, N., Costantine, G., Maalouf, C., Merabtine, A., 

Boudenne, A., Agoudjil, B. Experimental and numerical 

analysis of the hygrothermal behavior of a bio-based 

insulating wall made with concrete and natural fibers. 

Available at SSRN 4164779. 

[15] Almi, K., Benchabane, A., Lakel, S., Kriker, A. (2015). 

Potential utilization of date palm wood as composite 

reinforcement. Journal of Reinforced Plastics and 

Composites, 34(15): 1231-1240. 

https://doi.org/10.1177/0731684415588356 

[16] Djemai, H., Labed, A., Hecini, M., Djoudi, T. (2021). 

Delamination analysis of composite sandwich plate of 

cork agglomerate/glass fiber-polyester: An experimental 

investigation. Journal of Composite & Advanced 

Materials/Revue des Composites et des Matériaux 

Avancés, 31(4). https://doi.org/10.18280/rcma.310402 

[17] Alp, N., Iskanderany, N. (2003). Manufacture of 

chipboard panels from indigenous date palm Bioma. In 

Proceeding of the 2nd Annual Meeting for Scientific 

Research, Scientific Publishing Center of King 

Abdulaziz University, Saudi Arabia. 

[18] Hegazy, S.S., Ahmed, K. (2015). Effect of date palm 

cultivar, particle size, panel density and hot water 

extraction on particleboards manufactured from date 

palm fronds. Agriculture, 5(2): 267-285. 

https://doi.org/10.3390/agriculture5020267 

[19]  Djemai, H., Djoudi, T., Labed, A. (2022). Experimental 

investigation of mechanical behaviour and damage of 

bio-sourced sandwich structures based on date palm tree 

waste and cork materials. Journal of Composite & 

Advanced Materials/Revue des Composites et des 

Matériaux Avancés, 32(5). 

https://doi.org/10.18280/rcma.320501 

[20] Benzidane, M.A., Benzidane, R., Hamamousse, K., 

Adjal, Y., Sereir, Z., Poilâne, C. (2022). Valorization of 

date palm wastes as sandwich panels using short rachis 

fibers in skin and petiole 'wood' as core. Industrial Crops 

and Products, 177: 114436. 

https://doi.org/10.1016/j.indcrop.2021.114436 

[21]  Djoudi, T., Hecini, M., Scida, D., Djebloun, Y., Djemai, 

H. (2021). Physico-mechanical characterization of 

composite materials based on date palm tree fibers. 

Journal of Natural Fibers, 18(6): 789-802. 

https://doi.org/10.1080/15440478.2019.1658251 

[22] Djoudi, T., Djemai, H., Hecini, M., Ferhat, A. (2022). 

Physical, thermal and mechanical characterization of a 

new material composite based on fibrous wood particles 

of date palm tree. Revue des Composites et des 

Materiaux Avances, 32(1): 45. 

https://doi.org/10.18280/rcma.320107 

[23] Cetiner, I., Shea, A.D. (2018). Wood waste as an 

alternative thermal insulation for buildings. Energy and 

Buildings, 168: 374-384. 

https://doi.org/10.1016/j.enbuild.2018.03.019 

[24] Nabil, M., Khodadadi, J.M. (2017). 

Computational/analytical study of the transient hot wire-

based thermal conductivity measurements near phase 

transition. International Journal of Heat and Mass 

Transfer, 111: 895-907. 

https://doi.org/10.1016/j.ijheatmasstransfer.2017.04.043 

[25] Usubharatana, P., Phungrassami, H. (2019). Life cycle 

assessment of bio-based thermal insulation materials 

formed by different methods. Environmental 

Engineering & Management Journal (EEMJ), 18(7). 

[26] Aghahadi, M. (2019). Etude expérimentale et 

modélisation physique des transferts couplés chaleur-

humidité dans un isolant bio-sourcé. Doctoral 

Dissertation, Université Bourgogne Franche-Comté. 

[27] Berthelot, J.M. (2010). ‘Matériaux composite. Tome 4. 

Comportement mécanique et analyse des structure. Tec 

et doc, Lavoisier, Paris. 

[28] Djemai, H. (2017). Contribution to the study of damage 

in sandwich composite materials. Doctoral Dissertation, 

PHD Thesis, Mechanical Engineering, University of 

Biskra (Algeria). http://thesis. univbiskra. dz/2806/1/Th% 

C3% A8se_03_2017. pdf). 

 

 

NOMENCLATURE 

 

CBPx,x:1,3,5 petiole wood particle 

EFR10 composite materials 10% fibers 

SBPx,x:1,3,5 sandwich structure d composite of different 

sized cores 
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