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ABSTRACT 
 

Sandwich panels are notable for their structural efficiency and are used as load bearing 

components in various branches of engineering, especially in aerospace and marine industries. 

The objective of the present work is to perform computer-aided analysis on sandwich panels. 

The analysis of sandwich panel with truss core are compared with other four types of sandwich 

panel with continuous corrugated core, top hat core, zed core and channel core. The basic reason 

to use sandwich structure is to save weight, however smooth skins and excellent fatigue 

resistance are also attributes of a sandwich structure. A sandwich is comprised of two layered 

composite materials formed by bonding two or more thin facings or face sheets to relatively 

thick core materials. In this type of construction the facings resist nearly all of the in-plane loads 

and out-of-plane bending moments. The thin facings provide nearly all of the bending stiffness 

because they are generally of a much higher modulus material is located at a greatest distance 

from the neutral axis of the component. The basic concept of sandwich panel is that the facings 

carry the bending loads and the core carries the shear loads. The main function of the core 

material is to distribute local loads and stresses over large areas. From all this analysis it is 

concluded that the truss core Sandwich panels can be used in wind turbine blade design.  

Keywords: sandwich panels, Ansys models and mechanical properties. 
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1. INTRODUCTION 

Sandwich panels are notable for their structural efficiency and are used as load bearing 

components in various branches of engineering, especially in aerospace and marine industries. 

The basic reason to use sandwich structure is to save weight; however smooth skins and 

excellent fatigue resistance are also attributes of a sandwich structure. Clearly, the interest in 

sandwich panels remains because they have important roles in many engineering applications, 

especially where high strength and high stiffness to weight ratios are demanded from the 

structural elements. 
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2. LITERATURE REVIEW 

A survey of the literature on sandwich structures reveals that many publications are 

concerned with instability problems (which are particularly significant aerospace vehicle design). 

In the early years of study much attention was devoted to wrinkling phenomena. Gough [1] 

investigated various cases of wrinkling instability including the flexural wrinkling of flat 

faceplates. As an extension of Gough’s work Chong and Hartsock [2] developed a method for 

predicting the embryonic flexural buckling of foam filled sandwich panels with light-gauge, 

cold-formed metal faceplates. Subsequently Hartsock [3] conducted and arrived at an empirical 

formula in which the ultimate buckling Stress is directly proportional to the compressive 

modules of the core. 

Plantema [4], Allen [5], outlined some approaches in their books for local buckling 

analysis, in which the actual panel is replaced by two isolated long skin-panels resting on an 

elastic foundation that is provided by the out-of-plane rigidity of the core, while ignoring the 

interaction between the two skin-panels. Benson and Mayers [7] proposed a similar approach, 

which has not considered interaction between the skin- panels but using uncoupled modes. More 

specifically, Hoff and Maunter [8] earlier used an energy method and an sinusoidal wave to 

model the out-of-plane deflections of sandwich faceplates, but comparison with the test results 

were not very favorable since some of the material properties were not known accurately. 

Yussuff [9] modeled the faceplates as a beam with initial waviness on elastic foundation. Due to 

lack of accurate data on material properties, he fitted the experimental data with his analytical 

predictions. 

Most of the work cited above has concentrated on developing and solving the 

increasingly sophisticated sandwich plate equations that arise from progressive generalization of 

the governing assumptions. The main purpose of these investigations apparently was to include 

more and more physical mechanisms to relax or even eliminate the restriction of dealing only 

with simplified classical sandwiches. 

An overview of various finite element models, which have been proposed for the analysis of 

sandwich plates. More recently, A very comprehensive survey of the computational modeling of 

sandwich plates and shells which includes discussion of buckling analysis using FEM. Whilst the 

FEM offers a versatile approach for the prediction of the buckling stress of sandwich plates, the 

FSM does have advantages of improved efficiency and ease of modeling when considering 

rectangular plates and prismatic plate structures. Chan and Cheung used the semi-analytical FSM 

(in which continuous analytical functions representing longitudinal variations of the 

displacement field) in considering the static and dynamic behavior of the multi-layer orthotropic 

sandwich plates, and this work was extended to embrace buckling analysis. 

In the present work the Finite Element Method is used for buckling analysis of corrugated 

sandwich panels of rectangular shapes. The faceplate and core material chosen is aluminium 

composite which is an orthotropic material. Further both faceplates are considered having same 

thickness. The buckling analysis was carried out using the Finite Element package such as 

“ANSYS”. 
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3. BUCKLING ANALYSIS OF SANDWICH PANELS 

The materials for core and face plates may be isotropic, orthotropic or anisotropic. 

Isotropic materials are those materials in which the materials properties are same in every 

direction at a point in the body i.e. properties are independent of orientation at a point in the 

body. The material properties are commonly expressed as a combination of elastic modulus, 

poison’s ratio and shear modulus. Examples steels, aluminium alloys etc. Orthotropic materials 

are those anisotropic materials that display extreme values of stiffness in mutually perpendicular 

directions.  Examples include composites of aluminium, wood and fiber reinforced plastics. 

All the five types of sandwich panel’s construction are as shown in Fig 1. 

(a) Facing failure       (b)Transverse shear failure  

(c)Flexural crushing of core (d) local crushing of core  

 (e) General buckling       (f) shear crimping    

(g) Face wrinkling         (h) Dimpling        

Buckling occurs when compressive membrane forces are large enough to reduce the 

bending stiffness to zero for some physical deformation mode. It occurs when a member of 

structure converts membrane strain energy into strain energy of bending with no change in 

external applied load. The study of the buckling behavior of sandwich panel subjected to axial 

compression is important for the design and analysis of such panels under gravity, wind or other 

loading systems. On the other hand shear stability problem under edgewise shear forces occur 

when the panel is under wind / racking loads. The plates may support loads applied at the edges 

in the plane of the plate. The plate will remain flat until the edge load reach critical magnitude, at 

which point the plate is in neutral equilibrium and is capable of sustaining a buckled shape. So 

the problem is to determine the critical value of edge load at which buckling becomes possible. 

Finite element method offers a versatile approach for the prediction of buckling factor of 

sandwich panels compared to other methods; hence it is preferred for the analysis. Orthotropic 

sandwich panels are chosen for analysis since they withstand higher buckling loads compared to 

isotropic sandwich panels, which results in better strength-to-weight ratio. 

 

4. FINITE ELEMNT MODELLING AND FORMULATION 

4.1 MODELLING AND ANALYSIS OF SANDWICH PANELS: 

The finite element modeling and three dimensional analysis is carried out to obtain the buckling 

factors of orthotropic sandwich panels under compressive and/or shear loads. For the purpose of 

present project sandwich panels made of composite aluminum is considered. The composite 
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aluminum is an orthotropic material and both face plates and core are considered fabricated from 

the same material. 

 Both the face plates are considered having same thickness for all types of panels 

considered. Further the face plates are apart by same distance in all types of panels. Whereas 

moment of inertia of core cross section is considered as equal for all types of cores, accordingly 

the core dimensions are calculated. The model of truss core sandwich panel along with its 

dimensions is shown below. 

 
Fig: 4.1 truss core sandwich panel configurations 

4.2 BOUNDARY CONDITIONS AND LOADING: 

Constraints (DOF):  

 The panels are considered clamped at the four edges of bottom panel and loads are 

applied at all the edge nodes of the other edges of the face plates. 

Applied loads on panel: 

 Bi-axial compressive load of 100 N is applied on all the edge nodes (four sides) of the top 

and bottom panels. 

 Shear loading of 100 N along all the edge nodes (four nodes) of both the top and bottom 

faceplates. 

 Combined compressive, shear loading of 100N along all the edge nodes of the top, and 

bottom Faceplates. 

 

4.3 DIMENSIONING OF THE MODEL: 

                          

Figure: 4.2 dimensions of cores other than truss core 
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Aluminum sandwich panel of length 136 .88 mm (in X-direction) is considered and an l/b ratio 

of 0.7 (95.816 mm in Z-direction) is considered for the analysis. Finite element analysis is 

carried out for the different cores with the same dimension having symmetric units. 

 The model of truss core is assumed to have the following dimensions. They are given 

below: 

 tf = 3.0 mm   tc =3.0 mm 

 fo=25 mm   f = 25.35 mm 

 d = 79 mm   dc= 76 mm 

 p = 68.44 mm   bc = 17.74 mm 

 l = 78.04 mm   θ= 76.864305555
0
 

 The dimensions of other types of cores are also given below. However the faceplates of 

these models are also assumed to have the same dimensions of the truss core. 

Continuous corrugated core:  

 dc = 76 mm   p = 68.44 mm 

a = 49.65 mm   b = 49.895 mm 

 bc = 17.74 mm   l = 78.04 mm 

 t = 1.05 mm   θ = 76.864305555
0
 

Top hat core: 

dc = 76 mm   b = 114 mm 

 t =1.075 mm   s = 6.0 mm 

 c = 111.85 mm 

Zed core: 

 dc = 76 mm   b = 26 mm 

 t = 2.23 mm   c = 23.77 mm 

 d = 73.77 mm 

Channel core: 

 dc = 76 mm   b = 26 mm 

 t = 2.23 mm   h = 71.54 mm 

 

4.4 MATERIAL PROPERTIES: 

 The sandwich panels are considered having made composite aluminum, which is an 

orthotropic material. The face plates and core are considered made of same material with 

composite aluminum and its material properties are as given below: 

Ex = 21423.1 M Pa   Ey = 18475.6 M Pa 

 Gxy =  7010.8 M Pa   Gyz= 7.93 M Pa 

 Gxz= 1403.7 M Pa   νxy = 0.3 

 νyz= 0.258 = νzx 

 

4.5 MESH GENERATION: 

The mesh generation for buckling analysis of sandwich panel is modelled using “structural solid 

quad 4 node 42 element”, ( which is a two dimensional solid element ) and extruded into three 

dimensional “structural solid brick 8 node 45 element” of ANSYS library. The two dimensional 

model is created through key points, lines and areas options of solid modeling technique of 

ANSYS package. All the areas created are merged and then the edge divisions on each surface of 

entities are assigned for meshing. Mapped meshing option of ANSYS is used for mesh 
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generation. The model is then extruded into three dimensional models. The element of model 

extruded into three dimensions will have 8 corner nodes with three degrees of freedom and total 

of 24 degrees of freedom per element. The meshed model of the truss core sandwich panel is as 

shown in the figure. 

 

 

 

 

(a)                            (b)                         (c)                           (d)                             (e)                             (f)  

 

 

 

         (g)                                  (h)                          (i)                              (j)                            (k)                           (l) 

 

 

 

       (m)                                  (n)                                   (o)                               (p)                               (q)                                (r) 

(a) Meshed model of truss core   (b) truss core model with compressive loading (c) truss core 

model with edgewise shear loading (d) Truss core model with combined loading (e) first mode 

shape for truss core with compressive loading (f) first mode shape for truss core with 

compressive loading (g) fifth mode shape for truss core with compressive loading (h) first mode 

shape for truss core with edgewise shear loading (i) fifth mode shape for truss core with 

edgewise shear loading (j) first mode shape for truss core with combined loading (k) fifth mode 

shape for truss core with combined loading (l) first mode shape for channel core with 

compressive loading (m) fifth mode shape for channel core with compressive loading (n) first 

mode shape for zed core with compressive loading (o) fifth mode shape for zed core with 

compressive loading (p) first mode shape for top hat core with compressive loading (q) first 

mode shape for corrugated core with compressive loading (r) fifth mode shape for corrugated 

core with compressive loading 

 
                                                                         Figure 4.3: mesh generation 
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5. RESULTS AND DISCUSSIONS 

Table 5.1 Buckling factors of corrugated sandwich panels under bi – axial compression 

Buckling Mode No. Buckling factors of corrugated sandwich panel under Bi – axial compression 

Truss C – Section Z – Section Top hat Continuous corrugated 

1  13.065 0.325 0.323 4.244 3.152 

2  32.422 2.390 2.325 48.437 34.669 

3  33.398 4.302 4.120 48.943 35.497 

4  33.924 19.871 18.379 49.167 36.167 

5  35.140 20.802 20.644 49.276 36.732 

 

From the results the truss core sandwich panels can take higher loads under bi-axial compression.  

                 Table 5.2 Buckling factors of corrugated sandwich panels under edgewise shear 

Buckling Mode No.    Buckling factors of corrugated sandwich panels under edgewise shear  

Truss  C – Section  Z – Section  Top hat  Continuous  

1  41.967  4.092  5.404  132.910  35.145  

2  44.983  5.392  6.124  153.990  40.566  

3  118.430  6.112  6.151  158.400  89.564  

4  124.040  6.723  6.723  162.730  117.080  

5  127.600            6.893 6.893  168.670  121.259  

 

       The results enumerate that the sandwich panels with top hat core gives better resistance to buckling 

                                                  Followed by truss core sandwich panels. 

     

Table 5.3 Buckling factors of corrugated sandwich panels under combined loading 

Buckling Mode No.  Buckling factors of corrugated sandwich panels under combined loading 

Truss  C - Section  Z – section  Top hat  Continuous  

1  13.267  0.343  0.349  4.351  3.220  

2  22.345  2.335  2.329  43.920  19.909  

3  23.947  4.727  4.346  44.138  25.054  

4  37.561  15.785  5.401  45.290  29.505  

5  38.397  23.353  6.121  45.406  39.257  

 

  The truss core sandwich panel takes higher load before it buckles compared to all other configurations in the first mode. 
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Table 5.4 Buckling factors of truss core Sandwich panels under Bi – axial Compression 

Buckling 

Mode No. 

                                        Buckling factors for truss core sandwich panels with l/b ratio  

    

  0.2  
   

    

  0.4  

    

  0.6  

    

  0.8  

    

  1.0  

    

  1.2   

    

  1.4  

    

  1.6  

    

1.8  

  

  2.0  

   1 3.218 6.002  8.847 16.314 32.465 31.252 32.519 32.525 32.530 32.534 

   2 23.587 29.902 32.344 32.437 33.552 32.507 33.186 33.339 33.389 33.414 

   3 25.100 32.442 33.364 33.432 33.974 33.951 33.957 33.964 33.970 33.974 

   4 37.420 35.194 33.877 34.017 35.198 33.992 34.713 34.837 34.880 34.903 

   5 37.511 35.596 35.018 35.177 38.287 35.900 38.306 38.312 38.317 38.321 

 

Table 5.5 Buckling factors of truss core Sandwich panels under edgewise shear 

Buckling 

Mode No. 

Buckling factors for truss core sandwich panels with l/b ratio  

0.2  0.4  0.6  0.8  1.0  1.2  1.4  1.6  1.8  2.0  

1  35.672  40.542  42.031  42.330  42.416  42.459  42.484  42.500  42.510  42.518  

2  40.890  44.077  45.094  45.353  45.441  45.486  45.513  45.531  45.542  45.550  

3  97.308  113.59  120.110  120.23  119.440  118.38  118.03  117.21  116.74  116.330  

4  100.83  125.66  126.580  124.33  122.880  120.80  118.86  118.29  117.34  116.700  

5  113.80  134.62  128.560  128.72  124.980  124.20  122.90  121.79  121.45  120.450  

Table 5.6 Buckling factors of truss core Sandwich panels under combined loading 

Buckling 
Mode No. 

Buckling factors for truss core sandwich panels with l/b ratio  

0.2  0.4  0.6  0.8  1.0  1.2  1.4  1.6  1.8  2.0  

1  3.213  5.983  10.612  16.433  21.282  22.241  22.295  22.323  22.338  22.347  

2  18.626  21.653  22.403  22.537  23.262  23.750  23.785  23.836  23.852  23.862  

3  19.828  23.356  24.046  24.128  25.519  33.491  39.221  38.347  38.398  38.421  

4  34.578  33.979  37.719  37.622  38.454  39.636  39.575  39.235  39.176  39.302  

5  35.202  34.661  38.649  38.493  39.523  39.992  40.135  39.415  39.506  39.348  
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      Increases up to about 1.2                          Significant change in buckling factor.           Increases and stabilizes bi- axial  

6. CONCLUSIONS 

 Buckling analysis of the truss core sandwich panel has been carried out along with the 

other existing corrugated panels. The face plates and the core of the panels are considered made 

of orthotropic materials. The following conclusions are made from the present analysis. 

 

 Truss core sandwich panels can withstand higher buckling loads compared to other cores 

considered in the first mode of buckling in both bi – axial and combined (bi – axial 

compression and edgewise shear) loading. 

 Top hat core sandwich panels gives better resistance in edgewise shear followed by truss core 

sandwich panels. Also the top hat core panels are good in withstanding buckling loads under 

bi – axial compression and combined loading from second mode onwards. 

 The orthotropic sandwich panels can take higher edgewise shear loads than compressive 

loads before getting buckled. 

 The buckling factors arrived under combined loading are comparable with that of 

compressive loading. Thus indicating that, the shear loads have major influence in combined 

loading. 

 The resistance of orthotropic sandwich panels increases as l/b ratio increases initially up to a 

range of 0.8 to 1.2 depending on the type of loading and the mode number. There is no 

significant change in the buckling strength. 

 The maximum wave front size used in subspace method does not increase beyond an l/b ratio 

of 1.2.also the change in buckling factor is minimal beyond the l/b ratio of 1.2. Hence l/b 

ratio of 1.2 can be used analysis instead of taking full length model for analysis, thereby 

saving lot of computational time, as it depends on wave front size. 

In view of the above conclusions it is concluded that the truss core sandwich panels can 

be used for wind turbine blade where buckling is the criteria for design. 
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