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Sandwich structures are low-weight and have the best stiffness and a relatively high 

flexural strength, what makes using them continues to increase rapidly for industrial 

applications ranging from aeronautics, road vehicles, satellites, ships and civil 

engineering to mention only a few. The paper presents investigation and analysis of the 

behavior of composite sandwich beams with polyester resin/glass fibers skins 

(T800/M300) and aluminum honeycomb core under unsymmetrical bending impact. In 

this work we propose a numerical study using a calculation software, structural analysis 

by finite element method (CAST3M), for determining the stresses and displacements. 

The results which have been obtained after numerical modeling showed that 

unsymmetrical bending resistance of the sandwich beam is dependent largely on the 

skins.  
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1. INTRODUCTION

A sandwich material is a special class of composite material 

[1, 2]. By sandwich structure we mean an element consisting 

of two, stiff, strong layers, called leathers or faces, spaced 

apart and rigidly connected to a connective element which 

takes the name of core [3-6] (e.g. foam, honeycomb and balsa 

wood), the structure thus composed has a static behavior 

considerably better than the individual parts that make up. 

Lightweight sandwich constructions are used to increase the 

specific stiffness, which formulate the strengthening of 

structures for functional and economic reasons [7, 8]. The face 

carries tensile and compressive stresses, whereas the core 

carries transverse forces as well as shear stresses [9].  

The principle of sandwich construction is well established 

in the fields of shipbuilding and aerospace technology [10, 11]. 

Nowadays, sandwich panels can be found in many other 

technological fields such as in high-speed ferries, high-speed 

passenger trains [12], marine industry [13], building industry 

[14] or automotive applications [15, 16]. Especially in the

naval industry [17], there is a strong trend to use sandwich

shells in the construction of ship hulls. Other innovative

examples include civil engineering structures such as highway

bridge decks [18], due to their superior advantages of

lightweight, high rigidity, low thermal conductivity and high

strength to weight ratio [19-21]. Traditionally, lightweight

core materials such as foam core, truss core, honeycomb core

[22-24].

An effective understanding of mechanical properties of the 

sandwich structural is very important for effective design [25]. 

Designers of sandwich structures must ensure that all potential 

failure modes are well considered in their analysis and 

investigation. The finite element method (FEM) is a common 

and most effective tool for structural analysis of sandwich 

construction [26, 27]. 

There have been many investigations aiming the modeling 

of the behavior of sandwich beam under Bending load [28-30] 

has been extensively investigated for both the static 3-Point 

Bending [31-35] and static 4-Point Bending [36-39]. There are 

also different studies with respect to the modeling of 

honeycomb sandwich structures especially [40, 41]. In recent 

times finite element analysis has become a popular tool to 

determine the elastic properties of honeycomb materials, this 

has led many researchers to developed a 3D finite element-

based model to determine the elastic properties of core 

materials [42-47]. However, no systematic investigations had 

not been addressed on the modeling of the behavior of 

honeycomb sandwich beams under unsymmetrical bending by 

finite element method.  

The purpose of the present work is to present a numerical 

study based on finite element method to determine the effect 

of unsymmetrical bending on properties of sandwich beams 

such as stresses (σxx, σyy and τxy), displacement to axis X, 

displacement to axis Y at different angles (30°, 45°, 60° and 

90°). The behavior of our numerical model during 

unsymmetrical bending using FEM by software CAST3M is 

analyzed and the role played by different simulation 

conditions (angles and loads) in mechanical properties 

behaviors of the honeycomb sandwiches made from woven 

polyester resin/glass fibers facesheets and aluminum 

honeycomb core is discussed. Finally, results are compared 

according to effect of angles and loads variations.  

The main goal of the current study is to investigate the 

impact behavior of sandwich composite that can be used for 

safety important structures. Thus, it can be developed a new 

composite material with optimal physical and mechanical 

properties. 
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2. MATERIALS AND METHODS  

 

2.1 Description of material 

 
Material which used in this research prepared from 

Aluminium for the honeycomb core of sandwich material and 

polyester resin/glass fibers (T800/M300) for the skins material. 

The dimensions and geometry of honeycomb sandwich 

structure is given in Figure 1, The mechanical properties of the 

basic materials are summarized in Tables 1 and 2. The 

behaviour of cellular materials theory was given by Gibson 

and Ashby [48].  

 

 
 

Figure 1. Schematic model of honeycomb core sandwich 

beam 

 

Table 1. Mechanical properties of polyester resin/glass fibers 

(T800/M300) 

 
Young’s modulus (MPa) 6385 

Tensile strength (MPa) 21 

Shear modulus (MPa) 2105 

Face thickness (mm) 1.52 

Poisson’s ration 0.16 

 

Table 2. Mechanical properties of Al honeycomb core 

 
Young modulus E (MPa) Poisson’s ration υ 

70000 0.33 

 

2.2 Finite element simulations 

 

In this work we propose a numerical study using a 

calculation software, structural analysis by finite element 

method (CAST3M). For determining behaviour of the stresses 

(σxx, σyy and τxy) and displacements (UX and UY) of the 

honeycomb sandwich beams exposed to the impact of 

unsymmetrical bending as shown in Figure 2, the sandwich 

beam is subjected to unsymmetrical bending by a concentrated 

load equal with (F=I*DF with i=1,2..10) and different angles 

(30°, 45°, 60° and 90°). CAST3M is a computer code for 

analysis of structures with the help of finite element method, 

it has a private programming language called "GIBIANE".  

This code was developed by the "Department of Mechanical 

Technology (DMT) of the French, Commission of Atomic 

Energy (CEA) in France". The purpose of the development of 

CAST3M is to provide high level support for design, 

dimensioning and analysis of structures and components in the 

mechanics research field. In this context, CAST3M 

incorporates not only the process of calculations, but also 

presents a complete system, integrating the calculation 

functions themselves and functions of model construction 

(pre-treatment) and result processing (post-treatment). 

 

 
 

Figure 2. Geometry of the unsymmetrical bending test and 

simulation conditions 

 

2.3 FEM meshing of the model 

 

In CAST3M, a polygon mesh or polymesh is a collection of 

vertices and triangles that define the shape of a polyhedral 

object. The aim of the polygon mesh is to discrete 

geometrically the field of analysis in order to be able to later 

associate a formulation finite element to support geometric. 

 

 
 

Figure 3. FEM meshing of the studied model 
 

We have chosen into this study standard elements CUB8 for 

the mesh of sandwich beams with 53964 nodes and 44640 

elements. This mesh has the side surfaces plane and parallel 

and be used for 3-D modeling of solid structures. This element 

has eight nodes with three degrees of freedom at each node: 

translations in the nodal x, y, and z directions. Once all the 

element attributes were given the model was meshed using the 

mesh tool. The meshed of the model presented in the Figure 3 

are realized using the specialized software CAST3M. 
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2.4 Flowchart of CAST3M program 

 

The main purpose of a flowchart is to analyse different 

processes. In CAST3M, A flowchart is the graphical or 

pictorial representation of a finite element analysis with the 

help of different symbols of simulation conditions, shapes and 

arrows in order to demonstrate a process of modelling of 

sandwich beams under unsymmetrical bending. Figure 4 

shows the flowchart of a finite element analysis with CAST3M. 

 

 
 

Figure 4. Flowchart of a FE analysis with CAST3M 

 

2.5 Sensing points 

 

Sensing points are the points that are placed in the geometry 

of the sandwich beam under this study in order to track the 

evolution of stresses (σxx, σyy and τxy) displacement to axis X, 

displacement to axis Y. Figure 5 specifically shows the 

sensing points for the considered model (pk1, pk2 represent 

the skins and pk3, pk4 represent the honeycomb core). The 

coordinates of the points of sensing of model are summarized 

in Table 3. 

 

 
 

Figure 5. Distribution of the sensing points of the studied 

sandwich beam model 
 

Table 3. Coordinates of the sensing points 
 

Points of Sensing The coordinates N° node 

Pk1 

(skin 1) 
X (mm) Y (mm) Z (mm) 53412 

Pk2 

(core) 
60.000 30.760 40.000 52914 

Pk3 

(core) 
60.000 29.000 40.000 52333 

Pk4 

(skin 2) 
60.000 -9.000 40.000 53320 

 

 

3. RESULTS AND DISCUSSION 
 

Figure 6 indicates the evolution of the stresses (σxx, σyy and 

τxy) versus the loads of sandwich materials at different angles 

of 30°, 45°, 60 and 90°. We found almost the same behavior 

for all the unsymmetrical bending properties (stresses σxx, σyy 

and τxy) at sensing points (pk1, pk2, pk3 and pk3) obtained by 

the 3D finite element model, where we observed increase in 

the values of stresses when the values of loads is increased, for 

example, the value of σxx has increased from 2,3099 MPa to 

9,3794 MPa by 306% between 3 and 10 KN, on the other hand, 

the value of σyy also has increased from 0.81156 MPa to 

10,087 MPa by 1142% between 3 and 10 KN. This previous 

result is based on behavior of pk2 and pk3 at 30° and 60°, 

Respectively.  

It's clear that there are different behavior of the stresses (σxx, 

σyy and τxy), where there are higher increases of the stresses 

values in the core (pk2 and pk3) than those in skins (pk1and 

pk4) of the sandwich beam model, for example, the σxx values 

in the core are in the range of 1,585 - 21,431 MPa for the an 

angle 45° at different loads (from 1 to 10) KN, while σxx values 

in the skins are in the range of 0.07469 – 1.0656 MPa for the 

same angle and loads. according this figure, it can be said that 

the unsymmetrical bending resistance is much higher in the 

skins than the core for sandwich beam, from this point we say 

that the unsymmetrical bending resistance of the sandwich 

beam is dependent largely on the skins. Overall, these findings 

are in accordance with what has been found in previous studies 

[49, 50]. They found the unsymmetrical bending resistance of 

sandwich materials depends on the skins larger than in the 

honeycomb core.  
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Figure 6. The evolution of the stresses (σxx, σyy and τxy) obtained by finite element 

 

Critical points or maximum stress values after the effect of 

bending on structure sandwich material can be predicted by 

the FEM simulation, Figure 7 shows the stresses (σxx, σyy and 

τxy) distribution generated from the impact of unsymmetrical 

bending on structure sandwich model (30° at 5 KN). This 

figure shows that the maximum stress values are concentrated 

in Aluminium honeycomb core and they are dissipated around 

the skins of structure sandwich material. This is confirming 

that the unsymmetrical bending resistance is much higher in 

the skins than the honeycomb core for sandwich beam. 

Figure 8 illustrates the changes in the values of the stresses 

(σxx, σyy and τxy) at various angles of sandwich beam model 

during unsymmetrical bending. Each values stress showed a 

nonlinear elastic behaviour until a maximum angle, it can be 

observed an important increase in the values of the stresses 

when angles increasing. we observed also the values of σxx is 

the largest, then the values of σyy, then the values of τxy. For 

example, the σxx value is 33 MPa at 60°, while the value of σyy 

and τxy is 15 MPa, -2.25 MPa, respectively. The maximum 

stress values for σxx, σyy and τxy after the effect of 

unsymmetrical bending on structure sandwich material was 

obtained when the angle is 90°, for this can be said that the 
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simple bending the bigger influence compared to the 

unsymmetrical bending. 

Figure 9 shows the contours of deformation of sandwich 

beam during unsymmetrical bending obtained by finite 

element simulation using CAST3M. After simulating the 

bending and various results, it can be seen that the behavior of 

sandwich beam is clearly shown (deformation increases with 

increasing loads). 

 

 

 

 
 

Figure 7. Finite element analysis results (σxx, σyy and τxy) of 

sandwich beams (30° at 5 KN) 

 
 

 
 

Figure 8. The evolution of the stresses (σxx, σyy and τxy) at 

various angles obtained by finite element (at 10 KN) 
 

 
 

Figure 9. Deformation of sandwich beam model under 

unsymmetrical bending (30° at 5 KN) 
 

 
 

Figure 10. The evolution of the displacements (UX and UY) 

at 30° obtained by finite element 
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Figure 10 shows the curve of the displacements (UX and 

UY) of sandwich composite beam in unsymmetrical bending 

under various loads (1 to 10) KN at 30°. From the Figure 10, 

it can be seen that the displacements increase with increasing 

loads. can be observed also the same linear evolution of the 

displacements in the skin and honeycomb core, for example, 

the UX values in the core are in the range of 0,00763 - 0,07631 

mm for different loads (from 1 to 10) KN, while UX values in 

the skins are in the range of 0,00866 - 0,08665 mm for the 

same loads (Positive direction). As for the UY values are in 

the range of -0,0396 to -0,39596 mm for different loads (from 

1 to 10) KN for both skins and core (Negative direction). This 

indicates that the displacement to the axis X is symmetric 

between pk1, pk2 and pk3, pk4, at variance the displacement 

to axis Y. unsymmetrical bending under various angles at 

different loads is the cause of change the position of neutral 

axis (σxx = 0 MPa). 

 

 

4. CONCLUSIONS 

 

The behaviour under impact unsymmetrical bending of the 

composite sandwich beams made from woven polyester 

resin/glass fibers (T800/M300) facesheets and Aluminium 

hexagonal honeycomb core was investigated using a three-

dimensional finite element model implemented in CAST3M. 

Based on the results obtained, the most important relationships 

derived are as follows: This study gives a guideline to model 

the sandwich beams and to predict the failure modes. The 

stresses (σxx, σyy and τxy) increase when the loads and angles 

increasing from the unsymmetrical bending. The 

unsymmetrical bending resistance is much higher in the skins 

than the honeycomb core for sandwich material. The 

displacements increase with increasing loads. Unsymmetrical 

bending under various angles at different loads is the cause of 

change the position of neutral axis.  

The future objective of this research work is to compare this 

type of sandwich beams model with other models in order to 

analyze and study the mechanical properties under 

unsymmetrical bending. 
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