
 

 

 

 

Abstract - Nowadays, with the continuous development 

of science and technology, computer software has been 

widely applied and is increasingly popular in many fields 

such as the automobile, aviation, space, and shipbuilding 

industries. Numerical simulation is an important step in 

finite element analysis and product design optimization. 

However, it is facing challenges of reducing CAD model 

building time and reducing computation time. In this 

study, we have developed a homogenization model for the 

honeycomb core sandwich plate to reduce the preparation 

of the CAD model as well as the computational times. The 

homogenization consists of representing an equivalent 

homogenized 3D-solid obtained from the analysis 

calculation in-plane properties of honeycomb 3D-shell core 

sandwich plate. This model was implemented in the finite 

element software Abaqus. The simulations of tensile, in-

plane shear, pure bending, and flexion tests for the case of 

the 3D-shell and 3D-solid models of the honeycomb core 

sandwich will be studied in this paper. Comparing the 

results obtained from the two models shows that the 3D-

solid model has close results as the 3D-shell model, but the 

computation time is much faster. Thereby the proposed 

model is validated. 

 

Keywords: Analytic homogenization, composite 

sandwich, orthotropic sandwich plates, honeycomb core 

I. INTRODUCTION 

N industry, reducing the weight of structures is one of the 

most important challenges. Sandwich is a material that can 

fulfill this requirement. Because it has a high stiffness-to-

weight ratio, so it is widely used in several fields, such as 

automobile, navy, construction, aviation. The main feature of 

the sandwich structure is the type of cellular material, which is 

composed of: The core is the same hexagonal cells, regular 

repeating and cyclic. It provides shear resistance and rigidity; 

The shell is two thin and hard plates that serve as the main 

load-bearing unit (Figure 1). To create different sandwich 

structures, various core shapes have been applied such as 

solid, foam, truss, web, and honeycomb core. As design 

engineers in the automotive industry need to reduce fuel 

consumption and improve safety, composite sandwich 

structures have become and are becoming an attractive 

alternative to metal. In the vehicle, reducing the weight of a  

 

large structure has a positive effect on other parts. Therefore, 

the use of a composite sandwich structure helps to reduce 

weight, improve fuel economy, and increase load capacity. In 

addition, it also allows the design of aerodynamic, stable 

vehicles with a low center of gravity [1]. 

 
Fig. 1 Honeycomb core sandwich plate model 

The optimal design of sandwich structures is the goal that 

must be achieved. Hence, in the same design process, we faced 

both the difficulty of designing a laminated sheet and the 

difficulty of designing a complex cellular continuum such as a 

honeycomb core. Some assumptions or simplified rules are 

used to achieve, in an easier and faster way [2]. Recent 

advances in materials and manufacturing techniques have 

resulted in further improvements and the increased uniformity 

of the properties of sandwich composites. The optimal design 

of the sandwich has the help of a computer. However, the 

generation of CAD models and finite element analyses for the 

details of these structures remains a major challenge due to the 

high computational complexity and time. Up to now, many 

researchers have tried to use different equivalence modeling 

approaches or homogeneity modeling to overcome this 

difficulty [3-19]. However, with specific characteristics of 

geometry and complex conditions in a honeycomb structure, 

analytical methods are always an effective homogenization 

method. It is proved by a homogenization model based on the 

integral method, which has been successfully applied to 

complete structures with complex cores such as corrugated 

board boxes [20,21]. Besides, some relevant studies can be 

found in [22,23]. 

In this work, we propose a homogenization model to 

numerically simulate the mechanical behavior of sandwich 
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panels. The homogenization is performed by calculating the 

in-plane properties for the 3D-shell structure of the 

honeycomb core and then it is replaced by an equivalent 

homogeneous 3D solid core. In this paper, the simulations in 

the case of the Abaqus 3D-solid and 3D-shell model for the 

honeycomb core sandwich will be performed. The results 

showed that this 3D-solid homogenization model has close 

results comparing to the 3D-shell model, while the calculation 

time and model preparation time are much faster. 

II. METHODOLOGY 

To calculate the in-plane properties for honeycomb core 

sandwich plates, we must use a Representative Volume 

Elemental (RVE) of the material as shown in Fig.2. In this 

study, the homogenization method involves the use of a 

homogeneous fictional material with equivalent macroscopic 

properties in place of heterogeneous real material. Whereby, it 

must be large enough for the size of heterogeneity to represent 

the material and must be the same between regions; It must be 

small enough for the size of the structure that we can consider 

as uniform stress or deformation state. The results of 

homogenization on this RVE will represent the behavior of the 

whole plate. 

 

Fig. 2. Representative volume elemental (RVE) for  

honeycomb core 

For honeycomb core sandwich plates, by calculating 

displacements in the x and y directions, we can calculate 

elastic modules Ex and Ey. The traction properties are 

determined on a single honeycomb cell without the effect of 

the skins and the properties depend only on the bending 

behavior of the honeycomb walls [3]. On the assumption that 

the skins are very hard relative to the honeycomb core walls, 

the deformation of the honeycomb walls will be determined by 

the skins [12]. Therefore, in the present study, the effect of 

traction or compression of thin walls dominates their bending 

effect. As a result, for a regular hexagonal honeycomb (t' = 2t 

and h = l), the module’s Young is quite proportional to (t/l) 

(tensile wall) instead of (t/l)3 (bending wall, in [3]). If the 

height of the honeycomb core is very small or if we cut the 

honeycomb core close to the hard skins, then the honeycomb 

core will deform like the skins (same ) and it will only behave 

traction and thus bending, as well as the effect of bending can 

be ignored, because: 

3

'
t t

l l
 

 
 
 

     (1) 

For example, in the case of t = 0.19 mm, l = 4.62 mm, this 

ratio is 600 times. Based on classical homogeneity theory and 

related research results [3-14,24], calculations are performed 

as follows: 

1. Young’s modulus Ex  

We establish the equation of internal force balance on five 

walls of EA, AC, CB, CD, and DF from considering the model 

constructing for slices located far away from the two skins. 

Perform a displacement at the center of the core from the h/2 

to the end position for points A, C, and D, we have an 

equivalent structure as shown in Fig. 3. The problem becomes 

as follows: A and B are fixed on the skin; what force must be 

applied at D to get the displacement u0 = 1? We have: 

0 0 0u v u
;

2 os sin 2 os
x y x

lc h l lc
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
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0 0

sin
v u
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h l
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





          (3) 

 

Fig. 3. Model for calculating elastic modulus Ex for a REV of 

honeycomb core 

 
1

u cos vsinl
l

         (4) 

 . . u cos vsinl l

Ebt
N b t

l
       (5) 

0v - v
.2.hN E bt

h
                     (6) 

Balancing of node at C, we have: 

2 sinh lN N                     (7) 

From (5), (6) and (7), we have: 
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On the other hand: 
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We have: 
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From Eq. (12) and (13), we have: 
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2. Young’s modulus Ey  

For traction, we impose a displacement along the y-direction 

v0 = 1, we have: 

0 0 0v u v
;
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From Eq. (8), we have: 
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On the other hand, we have: 
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From Eq. (19) and (20), we have: 
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For sandwich plates with very small core heights, we will 

use the Poisson’s ratio like the Poisson’s ratio of two skins. 

However, if the plate has a large core height, we can use 

Gibson's formula to calculate the Poisson’s ratio [12]: 

2
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                    (23) 

3. Shear modulus in the plane Gxy  

For in-plane shear, we impose a shear angle , so tensile and 

compression deformation will occur in two inclined walls, we 

have: 

1 2u u

sin
2 2

h h
l




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

                    (24) 
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On the other hand, we have: 

. . .sin cos & .2.t .b.coss s s s x sE E T                (26) 

For a homogeneous solid core, we have: 
*
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2 cos . .

xy x
xy xy xy

T
G G

l b


 

  
                            (27) 

Replace (26) with (27) we have: 

* sin cosxy s

t
G E

l
 

 
  

 
                               (28) 

 
Fig. 4. Calculation model of shear modulus Gxy for a REV of 

honeycomb core  

4. Young’s modulus Ez  

The elastic modulus Ez is calculated by multiplying the 

modulus Es of the honeycomb core by the ratio "the cross-

sectional area of the honeycomb to the total surface area of the 

REV figure" [1]: 

   
* 4 4

2 2 sin 2 cos sin cos
z t t

ht ht t h l
E E E

h l l l h l   
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   

  
  (29) 

Poisson's coefficients zx and zy are assumed to be equal to 

the Poisson’s ratio 12 of the paper layer forming the 

honeycomb core, that is: 

12zx zy core                         (30) 

The reciprocal relationship allows to determine the 

remaining 2 Poisson’s ratio: 

x
xz zx

z

E

E
                      (31) 

y

yz zy

z

E

E
                      (32) 

5. Shear modulus out of the plane Gxz 

Considering the cross-section (out-of-plane) model as 

shown (Figure 5), we impose a shearing angle , so shear strain 

will occur in 4 inclined walls, we have: 

zP w

. 2

A
s s s sG G

t b l
                        (33) 

zP 2
w

.
A

s

l

G t b
                      (34) 

For a homogeneous solid core, we have: 

* * * w

2 cos

A
xz xz xyG G

l
 


                      (35) 

 

On the other hand, we have: 
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Fig. 5. Calculation model of shear modulus Gxz for a REV of 

honeycomb core 

From Eq. (34), (35) and (36), we have: 

* cos
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t
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hl
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
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 
  
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                    (37) 

6. Shear modulus out of the plane Gyz 

Considering the cross-sectional (out-of-plane) model as 

shown (Figure 6), in this model we only need to consider a 

half REV is enough. We impose a shear angle , so shear strain 

will occur in all walls. For 4 vertical walls in the y direction 

(length h/2), we have: 

3z wP

2 . 2

h h

s s s sG G
t b h

 


                       (38) 

z
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For two inclined walls (length l), we have: 

z 2P w

2 .

l l

s s s sG G
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 
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Thus, we have the total displacement is: 

 z

3 2

P .
w 2 w w
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t b G


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Fig. 6. Calculation model of shear modulus Gyz  for a REV of 

honeycomb core 

For a homogeneous solid core, we have: 
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On the other hand, we have: 

*

2 cos

z
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From Eq. (42), (43) and (44), we have: 

*
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t l
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III. NUMERICAL VALIDATION OF  

HOMOGENIZATION MODEL 

To validate the proposed homogenization 3D-Solid model, 

the tests finite element simulations are performed with the 3D-

shell structure of the sandwich plate and the homogenized 3D-

solid sandwich plate. According, the dimensions of the two 

plates are the same (the length L = 176 mm and width B = 222 

mm). To better apply force, a rigid plate is attached to the edge 

opposite the fixed edge of the honeycomb sandwich plate as 

shown in Figure 7. The skins of the sandwich are made from 

unidirectional non-woven linen and combined with Acrodur® 

resin forming a multi-layer plate (includes three layers oriented 

0°, 90° and 0°). The mechanical properties are given in Table 

1 for the skin and in Table 2 for the core. For the homogenized 

3D-solid sandwich plate, the mechanical properties of the core 

are calculated by using a homogeneous model as shown in 

Table 3.  

 

 
Fig.7. Boundary conditions of 3D-shell plate and 3D-solid 

plate used for the simulations. 

Table 1. Parameters of the layers forming the skins of 

honeycomb core sandwich plate. 

E1  

(MPa) 

E2  

(MPa) 
12 

G12 

(MPa) 

G13 

(MPa) 

G23 

(MPa) 

Thickness 

(mm) 

18000 2000 0.4 8500 10 10 0.2 
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Table 2. Parameters of the paper forming the honeycomb core 

of sandwich plate. 

E1  

(MPa) 

E2  

(MPa) 
12 

G12  

(MPa) 

G13  

(MPa) 

G23  

(MPa) 

Thickness 

(mm) 

3292 1594 0.42 788 10 10 0.19 

Table 3. Parameters of the paper forming the honeycomb core 

of sandwich plate 

 (mm)  (°) l=h (mm) t (mm) t’ (mm) 
Height 

(mm) 

8 30 4.62 0.19 0.38 20 

The skins of the 3D-shell plate and the 3D-solid plate mesh 

with reduced-integration four-node shell elements (S4R) with 

1540 elements and 1620 nodes. For the core of the 3D-shell 

plate, we meshed with 212340 elements S4R and 208992 

nodes. We meshed by 6336 solid elements C3D8R with 8325 

nodes for the solid core of the homogenization model. Several 

simulations were carried out with different types of loading 

such as tensile, in-plane shear, pure bending, and flexion. The 

comparison of the obtained simulation results allows 

evaluating the efficiency and accuracy of the proposed 

homogenous model. The obtained results are shown in Table 4 

and Figure 8-11. We can see that the calculations using the 

3D-solid model are very fast, while the 3D-shell calculations 

take a lot of time. The relative difference between the 3D-shell 

model and the 3D-solid model is less than 2% for the 

displacement along direction x and direction y. However, the 

CPU time is reduced by more than 30% for the 3D-solid 

model. Therefore, the 3D-solid model can be used to replace 

the 3D-shell model in computation by finite element 

simulation. 

  Table 4. Comparison between Abaqus-3D and H-2D-Model for the plate under traction, flexion, and in-plane shear loading 

 3D-Shell Model 3D-Solid Model Error (%) 

Traction 

F = 200 kN 

Along x 
Displacement U1 (mm) 10.18 10.12 +0.59 

CPU time (s) 399.7 12.7 31.47 times 

Along y 
Displacement U2 (mm) 27.25 26.96 +1.06 

CPU time (s) 470.4 13.8 34.09 times 

In-plane shear  

F = 10 kN 

Along x 
Displacement U1 (mm) 3.603 3.577 +0.72 

CPU time (s) 364.6 12.7 28.71 times 

Along y 
Displacement U2 (mm) 1.215 1.211 +0.33 

CPU time (s) 348.3 13.1 26.59 times 

Pure bending  

M = 200 kN.mm 

Along x 
Displacement U3 (mm) 9.022 9.018 +0.04 

CPU time (s) 451.1 13.2 34.17 times 

Along y 
Displacement U3 (mm) 30.84 30.37 +1.52 

CPU time (s) 380.5 12.7 29.96 times 

Flexion + bending 

 F = 1 kN 

Along x 
Displacement U3 (mm) 7.433 7.441 -0.11 

CPU time (s) 388.9 13.2 29.46 times 

Along y 
Displacement U3 (mm) 25.07 24.63 +1.76 

CPU time (s) 390.7 13.8 28.31 times 

 

 
Fig.8. Simulation of 3D-Shell model and 3D-Solid model in 

traction for the honeycomb core sandwich 

 

 

Fig.9. Simulation of 3D-Shell model and 3D-Solid model in 

pure bending for the honeycomb core sandwich 
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Fig.10. Simulation of 3D-Shell model and 3D-Solid model in 

bending and shearing coupling for the honeycomb  

core sandwich 

 

 

 

Fig.11. Simulation of 3D-Shell model and 3D-Solid model in 

in-plane shear for the honeycomb core sandwich 

IV. CONCLUSION 

In this paper, we have proposed a homogenization model 

for the honeycomb core of a sandwich panel. This model is 

proven to reduce computation time by comparing the results 

obtained by the 3D-Shell and 3D-Solid models. In addition, 

the preparation time for the CAD model is also significantly 

reduced when using the 3D-solid model. The comparison of 

this result has proved the precision and effectiveness of the 

3D-solid model. From this model, it is possible to implement 

homogenous models for other loading cases considering the 

effect of the skins and the effect of honeycomb core height. 

This homogenization model can be used not only for 

honeycomb core sandwich plates but also for other composite 

structures. 
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