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ABSTRACT: Sandwich panels are important because they offer a lightweight and 

economical structure that can be used in various fields and has several geometric shapes. For 

this study, we chose three honeycomb shapes (Hexagonal, RE-entrant and Star fish) with 

dimensions of 57mm×120mm and a thickness of 10mm. Aluminum type (Al 2024-T3) was used 

for the material. The design of the three honeycomb structures was carried out with CATIA 

V5R20 software, while the numerical analysis of their load capacity (tensile and compression) 

was carried out using the ABAQUS-CAE calculation code. A numerical study was also carried 

out to compare the results of the samples according to the different types of honeycomb used. 

The results showed that the RE-shaped structure had the highest load capacity in terms of 

tensile and compression. The maximum stress of 422.27 MPa was observed for the honeycomb-

shaped structure RE-entering in traction. In contrast, the maximum tensile stress was lower for 

the starfish-shaped honeycomb, reaching a value of 145.5 MPa. For compression, the 

hexagonal honeycomb structure recorded the highest stress value of 590.5 MPa. The lowest 

stress value was measured for the starfish-shaped honeycomb structure, reaching 199.5 MPa. 

KEYWORDS: Honeycomb,RE-entrant,Star-Fish,load-displacement, Finite element analysis

1 INTRODUCTION 

In recent years, shipbuilding and aerospace have 

used honeycomb structures made from different 

materials for sandwich panels. In particular, 

hexagonal honeycombs are preferred because of 

their lightness and reduced cost.[1]. These 

structures are also used in other fields such as 

automotive, aviation and transport.[2-4]. 

Honeycomb structures come in different shapes, 

including the hexagonal shape [5-8]  

There are also other shapes such as circular 

shaped structures [9] ,  Re-entrant [10-12], 

hexagonal and RE- entrant [13-15],  triangular and 

other model [16] and star-Fish  [17]. 

Several studies have focused on characterizing 

honeycomb structures both numerically and 

experimentally to achieve mechanical properties 

such as traction, compression and torsion. For 

example, Krishna et al.  [2] Used the hexagonal 

titanium and aluminum honeycomb structure for 

bending tests on an ANSYS calculation code. The 

authors concluded that the titanium structure is 

better than the aluminum one, but it is expensive 

and heavier. Tabacu and Ducu. [18]  erformed a 

compression test on a set of structures, including a 

hive structure, a lattice structure, a honeycomb 

structure and a rectangular structure. Both 

researchers noted that there was convergence 

between experimental and numerical results. 

Ghongade et al. [19] studied honeycombs with a 

circular structure (with and without reinforcement) 

in which a set of steel tubes were welded. A 

numerical analysis of the compression loads was 

performed using ABAQUS software and it was 

found that the reinforced honeycombs had the 

highest bearing capacity. Xia et al.  [20] studied 

three aluminum alloy structures inspired by a 

honeycomb. The authors applied axial compression 

to the samples to measure energy absorption, in the 

same way. Xu et al. [21] made honeycomb (re-

entrant) samples filled with aluminum foam and 

noticed that aluminum foam increased energy 

absorption resistance due to its compressive 

strength. Ganesh et al. [22] performed bending tests 

on hexagonal honeycomb structures made of 

aluminum, titanium and steel using CATIA and 

ANSYS software. They noted that aluminum and 

titanium have higher bending strength than steel, 

but titanium is also heavier. 
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In this article, we digitally studied three different 

types of aluminum honeycombs (Hexagonal, Re-

entrant and Star- fish) (Al 2024-T3). The samples 

were designed in the CATIA program. In addition, 

the ABAQUS program was used to know and 

improve their mechanical properties. We applied 

traction and compression to the samples. Finally, 

we compared the results of samples from different 

structures to understand the geometric effect of 

honeycombs on their mechanical properties. The 

objective of this study was to select the best 

structure among the three geometric shapes 

proposed in terms of mechanical properties for later 

use in bio-composite structures (Epoxy/palm 

fibers). 

2 THEORETICAL FRAMEWORK 

The honeycombs studied in this article are 

subjected to an F-force, which can be a tensile or 

compressive force. The stress force along the S 

section can be calculated using the following 

equation: [23, 24] 
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Then, the quasi-static stress of the tray σ the 

auxetic honeycomb was given by [25]: 

0

( )

N

d

N

  

 


   (5)                                                   

Where σ (ε) and ε are compressive strain, 

crushing stress respectively and N is densification 

strain. 

The Jones-Wilkens-lee equation is used to 

calculate the pressure generated as shown in the 

equation (6)[26]: 
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  (6)                                                                                           

Where V is the relative volume of the explosive 

product, E is the internal energy per unit volume, 1b  , 

2b , 1C  , 2C  ,  , are empirically constant derivatives 

for explosives (Abaqus/CAE). 

Method was used to measure voltage. To 

calculate the Poisson coefficient of the sample and 

can be calculated the longitudinal elongation. Can 

calculate by the following formula [15]: 
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where: jk
 is the Poisson coefficient, AZ, Dy are 

respectively the horizontal and vertical distances of 

consecutive points of undeformed specimens, 
y

jk
 

transverse deformation 
z

jk y

jk
 axial deformation, Y. 

Z are the real-time coordinates of the points. 

The Hu-Washizu form of the mechanical 

problem is defined by the minimization problem of 

functional.  The Solid deforms under the effect of 

density forces Vf , it is subject to forces imposed 

Nt  on ∂NS0 [27]. 
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Where:u   is displacements , is the gradient of 

the displacement field , P the first PiolaKirchoff 

tensor , mec
 denotes the mechanical energy 

potential of the system and  the gradient of the 

transformation. 

3 GEOMETRY OF 

MICROSTRUCTURES AND 

REPRESENTATIVE VOLUME 

ELEMENT 

There are many types of artificial honeycombs. 

In this study, we chose to work with three types of 

honeycomb structures (Hexagonal, Re-entrant and 

Star -fish), which have also been used in other 

research (as indicated in the references [13, 28, 29]. 

As shown in Fig.1, the Star fish structure has 30 

cells with a size of 121mm × 57mm × 10mm, 

resulting from a number of cells of 3 × 4 (width × 

height). The honeycomb structures were designed 

using CATIA software, with dimensions of 

127×20×10mm3 for each cell unit manufactured 

with dimensions of 18×21×10mm3. The different 

dimensions of the honeycombs used are presented 

in the table. The designed honeycombs were then 

digitally analyzed using ABAQUS software. 
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Table 1. Dimensions of the different honeycombs studied 

 Length(mm) Width(mm) Pate thickness 

(mm) 

Thickness 

(mm) 

Cell 

length 

(mm) 

Cell side 

length (mm) 

Honeycombs H W ep e Lc Lcs 

Hexagonal  121.8 57 10 3 15 8.66 

Re - entrant 114.6 57 10 3 15 9.199 

Star- fish 127 58.2 10 3 17.176 13.65 

 

 

Fig.1 Microstructure textures at different scales: a) hexagonal, b) RE- entrant c) star-fish 

 

4 MATERIALS AND METHODS 

The honeycomb structure was made of Al 2024-

T3 aluminum with a thickness of 3mm. The 

mechanical properties are presented in Table 2. 

Aluminum alloy 2024-T3 has a set of mechanical 

properties that make it an excellent material. With a 

density of 2.52g.cm-3 it is light and therefore very 

interesting, especially for applications in the 

aerospace sector. Many researchers have also 

studied the interface.[21, 30]. 

 

Table 2. Mechanical properties of Aluminum alloy 2024-T3 

 

 

 

 

 

Material 
(MPa) (MPa) 

E(MPa) A(%) v 

Al 2024-T3 452 230  73800 2.4 0.33 
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5 NUMERICAL ANALYSIS 

5.1 Finite element modeling (FE)  

This analysis was performed digitally using the 

general purpose finite element software ABAQUS 

v16.14. The mesh layout was used for each type of 

honeycomb  

 

(Hexagonal, Re-entrant and Star- fish) using 3D 

Continuum hexahedral elements (type ABAQUS 

C3D8R) for all volumes from 57 × 120 × 10mm3, 

indicating the autonomy of the models. Finally, a 

mesh grid of overall size of about 1mm was chosen 

for the division of each element, giving this division 

29,840 nodes and 37,570 elements. The results of 

this analysis are presented in Table 3. 

Table 3. The input parameter is the mesh part 

Type of 

honeycomb 

 

Type of mesh 

 

Approximate 

global  size 

 

Number of nodes 

 

Nombre of 

elements. 

 

Hexagonal Continuum-3D 

hexagonal C3D8R 

1 29 840 37 570 

RE-entrant Continuum-3D 

hexagonal C3D8R 

1 29 840 37 570 

Star fish Continuum-3D 

hexagonal C3D8R 

1 29 840 37 570 

 

 

 

Fig.2 Three models of honeycombs (3D) in structured mesh form (a) RE-entrant (b) hexagonal (c) star-fish. 

 

6 NUMERICAL RESULTS AN 

DISCUSSION 

6.1 Traction   

6.1.1 Stress analysis  

In the case of tensile in the direction (z) shown 

in Fig. 3.stress localization occurs in different 

regions, and stress is concentrated in the angle of 

inclination at the cell walls for RE-entrant, 

hexagonal and star-Fish models. The tensile test 

also shows that the maximum stress of a hexagonal 

cell is 485.6 MPa, while for the RE-entrant and star-

Fish models, the stress values are 367.4 MPa and 

212.6 MPa, respectively. In addition, the stress of 

the star-Fish at the top is greater than that of the 

lower star-Fish. 

The same strain patterns were observed for all 

models, as shown in Fig. 4. The hexagonal of the 

dam undergoes a displacement of 1.056 mm in case 

of traction, which is higher than the displacement of 

RE-entrant and star-Fish, which are respectively 

0.08335 mm and 0.2311 mm. The maximum 

displacement is detected at the hexagonal level. 
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Fig.3 Distribution of stresses after traction: a) RE-entrant,b) hexagonal and c) star-fish. 

 

 

Fig.4 The displacement values [mm] for the three models with the applied voltage pressure of 50MPa: a) RE-

incoming, b) hexagonal and c) star-Fish. 

 

In this study, we compared numerical 

predictions of honeycomb sandwiches and force-

displacement relationships with experimental data, 

as shown in Fig. 5. The behavior can be divided into 

two distinct stages: an initial linear step in which 

the curves rise steadily and linearly, indicating that 

the specimens are in the elastic domain, followed by 

a tray step in which the stiffness of the honeycomb 

sandwiches gradually decreases, and the specimens 

pass into the plastic domain. We recorded a 

maximum force of about 105 N for a 5 mm 

displacement of the RE-entrant honeycomb 

sandwich, and a minimum force of about 4 × 104 N 

for a 3.4 mm displacement of the hexagonal 

honeycomb sandwich. On the other hand, there is a 

clear improvement in results for the honeycomb 

sandwich with a RE-entrant structure, which is due 

to the difference in structure of honeycomb 

sandwiches for the three models presented in this 

article. 

 

Fig.5 The force-displacement curves of the tensile test for the three models studied. 
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Table 4 presents the results of the numerical 

tensile comparison for each of the stresses, 

displacements and strains of the three axes xx, yy 

and zz. It is observed that the deformation rate was 

high for the hexagonal  honeycomb, while it was 

lower for a honeycomb with a  

RE-entrant structure. The stress value was high 

in the hexagonal honeycomb, while it was lower in 

the Star-Fish honeycomb. As for the movement on 

the three axes for each of the three types of 

honeycombs, they were different. 

 

Table 4. Comparison between numerical results for the three specimens on ABAQUS for traction 

 Hexagonal RE-entrant Star fish 

 

Magnitude 

(MAX) 

(mm) 

U11 7.965E-3 6.515E-4 4.609E-3 

U22 2.253E-1 2.285E-2 4.359E-2 

 U33 4.875E-3 1.321E-3 2.377E-4 

STRESS 

(MAX) 

( MPa) 

S11 1.41E2 1.448E2 6.680E 1 

S22 3.566E2 4.227E2 1.455E2 

S33 3.377E2 2.651E2 2.086E2 

Strain 

(MAX) 

(%) 

E11 2.058E-3 1.389E-4 8.094E-4 

E22 3.927E-3 4.543E-4 1.860E-3 

E33 3.711E-3 3.321E-4 2.376E-3 

 

6.2 Compression 

6.2.1 Stress analysis 

Due to its high tensile strength, the stress 

behaviour of the three models is identified in the 

graph in Fig. 6. when subjected to loads. Then, the 

stress results are compared for the three models 

(RE-entrant, hexagonal and star-Fish) using 

numerical resolution during compression loading. 

The numerical results demonstrated that the 

geometries of the three hexagonal mechanical 

models cause stiffening of the structure in the 

impact region. 

Further studies are needed to fully study and 

understand this complex and challenging topic, and 

to develop more elaborate models in order to obtain 

more realistic constraints. The numerical simulation 

results (force-displacement and damage mapping) 

performed with ABAQUS are shown in Fig.6.for 

the RE-entrant, hexagonal and star-Fish models. 

     The section of the structures directly 

influences their performance. The best stress was 

obtained for hexagonal structures (NH) with a value 

of 488.4 MPa, which represents an increase of 

24.77% compared to the lowest stress value for the 

re-entrant model (RE-NH) (367.4 MPa). On the 

other hand, the lowest impact resistance 

performance was obtained for the Star-Fish 

honeycomb sandwich (S-F). This condition is 

associated with small deformations as well as the 

appearance of cracks from the first impacts of 

buckling phenomena. 
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cracks from the first impacts of buckling phenomena. 

 

 

.  

Fig. 6 Stress distribution after compression: a) RE-incoming, b) hexagonal and c) star-fish. 

 

 

The deformation phenomenon is visible in Fig.7. 

Which shows the results of the simulation 

performed with the ABAQUS/CAE software on the 

model of sandwich structure damaged under 

compression. Fig.11. shows the deformation 

resulting from the RE-entrant model (Fig.11-a.), the 

hexagonal model (Fig.11-b.) and the star-Fish 

model (Fig.11-b.). 

 

  

 

Fig .7 Displacement values [mm] for the three models with the applied voltage pressure of 50MPa: a) RE-

entrant, b) hexagonal and c) star-fish 

 

Compression tests were carried out under 

positional control at a travel speed of 23 mm/min. 

The results in terms of force-displacement curves 

for the three honeycomb sandwich models and 

strain trajectories are shown in Fig.8. The load 

values are normalized with respect to the number of 

honeycomb cells in the respective samples. The 

results show that the compressive force can be 

quantified as a function of the shape of the 

honeycomb. For example, in this article, the RE-

entrant honeycomb structure records a maximum 

force of around 105 N for a displacement of 6 mm. 

In contrast, the other two honeycomb sandwiches 

hexagonal and star-fish) have almost the same level 

of strength with similar displacements.   
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Fig. 8 Represent the force-displacement (Compression) curves for the three models. 

 

Table 5 presents a numerical comparison of 

stress, strain and displacement during the 

compression process in the Abaqus program. It is 

observed that the stress, strain rate and displacement 

values were high for the three axes xx, yy and zz for 

the hexagonal honeycomb, while these values were 

low in the Star-Fish honeycomb. 

  

Table 5. Comparison between numerical results for the three specimens on ABAQUS for compression 

 Hexagonal RE-entrant Star -fish 

 

Magnitude (MAX) 

(mm) 

U11 7.965E-3 6.515E-4 4.609E-3 

U22 2.238E-1 2.301E-2 4.343E-2 

U33 8.817E-1 8.012E-2 2.309E-1 

STRESS (MAX) 

( MPa) 

S11 2.305E2 8.832E1 5.016E 1 

S22 5.905E2 2.502E2 1.995E2 

S33 1.705E2 1.455E2 4.541E1 

Strain (MAX) 

(%) 

E11 2.014E-3 1.412E-4 8.340E-4 

E22 6.634E-3  3.108E-4 2.713E-3 

E33 2.812E-3 2.342E-4 5.940E-4 

 

  

7 CONCLUSIONS 

A detailed analysis and objective comparison of 

recent studies was conducted on the application of 

finite element analysis to honeycombs. The 

Abaqus/CAE software was used to study the effect 

of traction and compression on different types of 

honeycombs (RE-entrant, hexagonal and Star-Fish). 

By comparing the simulation results, we came to 

the following conclusions: 

Loads induce a more localized deformation in 

the structure, which can lead to an early onset of 

plasticity and localized instability. 

The honeycomb cell with RE-incoming 

geometry is more suitable to withstand loads such 

as traction and compression, compared to the 
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hexagonal honeycomb cell and Star-Fish. The 

maximum load was reached at 105N for both types 

of loads. 

Finally, the honeycomb structure with RE-

entrant geometry has the best impact resistance 

during axial impacts (tensile and compression). This 

type of structure can be made of aluminum and used 

in the equipment of some aircraft, as well as in 

product packaging. Nevertheless, the use of pure 

aluminum remains limited due to its poor 

mechanical properties. 
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