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Abstract 

 

The aim of the present paper is to study the bending behaviour of honeycomb sandwich structure made of aluminium alloy cores, 

through the four point bending tests. Effects of the variation in honeycomb core height and honeycomb sandwich panel skin are 

investigated. The honeycomb panels demonstrate an initial linear elastic behaviour which is followed by nonlinear elastic-plastic 

behaviour. Also the flexural behaviour of honeycomb sandwich structure was analyzed by finite element analysis. The honeycomb 

sandwich panel failure modes are reported and discussed. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

A sandwich construction, which consists of two thin facing layers separated by a thick core as shown in Figure 1, offers various 

advantages for design of weight critical structures. The use of honeycomb sandwich structure is increasing rapidly due to their 

excellence strength to weight and stiffness to weight characteristics, such as aircrafts, ships, and bridges. The strength of 

honeycomb sandwich structure is a combination property of the skin, core and core-skin interfacial bonding. Any weak point in 

the three elements will reduce the performance of the structure. At present the skin of the sandwich structure is made of rigid fiber 

reinforce plastic composite, however, honeycomb cores are made of aluminum foil, Nomex paper. As a result mechanical 

performance of the sandwich structure is restricted by the performance of honeycomb core [6]. The structural weight saving is 

important consideration in design and construction of lightweight transportation systems such as aircraft, satellites, high-speed 

trains and fast ferries [4]. In order to meet this requirement, sandwich construction is frequently used instead of using solid material 

structures. Honeycomb panels are lightweight, easy to work with, and not labor intensive. By increasing the thickness of the core, 

the composite panel’s strength and flexural stiffness increases much like increasing the height of a beam, but without the weight 

increase. This is due to an increase in the panel’s moment of inertia. 

 
Fig. 1: Description of honeycomb sandwich panel [1] 

Depending on the specific mission requirements of the structures, aluminum alloys, high tensile steels, titanium or composites 

are used as the material of facing skins. 

II. EXPERIMENTAL 

 Material 

The honeycomb sandwich structures can have made of variety of materials and panel configurations. The sandwich structure 

provides great versatility as a different range of core and facing material combinations can be selected. In the present study the 
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honeycomb cores are made of aluminium alloy 3003 and skin material is aluminium alloy 6061. The honeycomb core and skins 

are attached to each other by an epoxy resin. The geometric and mechanical properties of honeycomb panel are shown in table 1 

and 2. The two core thickness were used one is 10mm and other is 14mm. Also two skin thickness are selected one is 0.5mm and 

other is 0.75mm. The honeycomb cores used have the hexagonal core shape [5]. 
Table - 1 

Specimen dimensions 

Length 

‘L’ (mm) 

Width 

‘b’ (mm) 

Core thickness 

‘c’ (mm) 

Skin thickness 

‘t’ (mm) 

Height 

h=c+t (mm) 

150 50 10 0.5 11 

150 50 14 0.75 15.5 

Table – 2 

Mechanical properties of skin made of aluminium 6061 

Young’s modulus (MPa) 70,000 

Poissons ratio 0.33 

Density (kg/mm3) 2700 

Shear modulus (GPa) 26 

Yield Strength (MPa) 370 

Ultimate Tensile Strength (MPa) 430 

Table - 3 

Mechanical properties of core made of aluminium 3003 

Cell size (mm) 9 

Young’s modulus (MPa) 70,000 

Poissons ratio 0.33 

Density (kg/mm3) 48 

Shear modulus (GPa) 26 

Yield Strength (MPa) 210 

Ultimate Tensile Strength (MPa) 240 

 Test Specimens and procedure 

The honeycomb panels tested in this work have the thickness 11mm and 15.75mm. The four specimens of different core and facing 

skin thickness were prepared for testing and tested their flexural properties by four point bending test. The honeycomb sandwich 

panels were tested on kN Instron 5565 Universal Test Frame. During testing a rectangular cross section specimen is placed on a 

two rollers which are parallel to each other having diameter 10mm. [1, 2]. The loading force is applied on the specimen by using 

two loading rollers of fixture having 10mm diameter and 50mm width. The center distance between the supporting rollers is kept 

120mm and distance between loading rollers is 40mm as shown in Figure 3. The test speed was kept 6 mm/min [3]. 

III. MODELLING OF HONEYCOMB SANDWICH PANEL 

The numerical models of aluminium honeycomb sandwich panel were developed to investigate the bending behaviour of sandwich 

panel. The solid model is generated using solid works software and it is imported to Ansys workbench. In modelling, the 

honeycomb sandwich panel made of aluminium alloys is simply supported on the two rollers. The diameter of roller is 10mm and 

its width is 50mm which is equal to width of sandwich panel. 

 
Fig. 2: Model of Honeycomb Sandwich Panel 
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Fig. 3: Schematic illustration of four point bending test 

IV. EXPERIMENTAL RESULTS AND DISCUSSION 

Four specimens of honeycomb sandwich panels of different densities were tested by four point bending test. These testing reports 

show the maximum load taken by the honeycomb sandwich panel till its failure. Also shows the deflection of honeycomb sandwich 

panel under loading. The typical load-compressive extensions relationships are shown in Figure4. 

 
Fig. 4: Load-Deflection curve for honeycomb sandwich panel 

 
Fig. 5: Actual four point bending test setup for honeycomb sandwich panel 



Experimental Investigation of Bending behaviour of Aluminium Alloy Honeycomb Sandwich Structure using Four Point Bending Tests  
(IJIRST/ Volume 4 / Issue 1/ 016) 

 

 
All rights reserved by www.ijirst.org 100 

It can be observed from the Figure 4 that the load carrying capacity of the honeycomb panel increased linearly with the extension 

until the load value reaches to 25 Kgf. After this load there is decrease in strength can be observed, at this point core shearing 

occurs. With further increase in load we can see there is non-linearity between load and deflection. As the load increases the de-

bonding or face wrinkling occurs. The core is soft so there is no cracking points observed in core. The experimental setup for four 

point bending test is shown in Figure 5.  

V. VALIDATION OF FINITE ELEMENT ANALYSIS (FEA) AND EXPERIMENTAL RESULTS 

There are good agreements between the finite element analysis results and the experimental results. It can be seen that the failure 

of sandwich panel starts at its top plate first; as the load increases the core de-bonding will take place. The stress distribution on 

top plate is much higher than the bottom plate and core. The deflection of honeycomb sandwich panel in FEA is as shown in Figure 

6. 

 
Fig. 6: Finite element analysis of honeycomb sandwich panel 

In four points bend test the on load application the panel deflects and when we remove load the panel started to come their 

original size but they cannot achieve their original size [7]. That means the honeycomb panels shows the elastic as well as plastic 

behaviour in four point bending test. 
Table - 4 

Experimental and FEA results 

Expt.  

No. 

Upper Plate Thickness 

(mm) 

Lower Plate Thickness 

(mm) 

Core 

Thick-ness (mm) 

Load 

(Kgf) 

Deflection (mm) 
Percentage Difference 

Expt. FEA 

1. 0.5 0.5 14 66.29 2.35 2.54 8.08 

2. 0.5 0.5 10 49.84 2.41 2.60 7.88 

3. 0.75 0.75 10 50.60 2.06 2.21 7.28 

4. 0.75 0.75 14 42.17 3.63 3.53 2.75 

The table 4 shows the experimental and the finite element analysis results for all the four specimens prepared for testing. It can be 

observed that the maximum load is 66.29Kgf for specimen having core height 14mm and 0.5mm skin thickness. The minimum 

load is taken by 0.75mm skin and 14mm core height, also this specimen shows the maximum deflection.  

VI. CONCLUSIONS 

The experimental and finite element analysis approaches have been used to find out the deflections of honeycomb sandwich panels. 

The important conclusions of present research work are summarized below. 

1) The flexural behaviour of light weight honeycomb sandwich panel showed there is a linear elastic nature initially followed by 

non-linear elastic plastic. 

2) The honeycomb sandwich panel failed due to the de-bonding between cores and facing skin.  

3) There are good agreements between the finite element analysis results and the experimental results. 

4) The honeycomb sandwich panels offer the advantages such as excellent structural efficiency, design versatility, elimination 

of welding and superior insulating qualities which makes them suitable for the applications like satellites, high speed trains 

and fast ferries. 
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