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ABSTRACT 

Sandwich structures are mainly used due to its low weight and high strength supporting compressive and flexural 

strengths, also showing excellent thermal insulation characteristics. Nowadays, sandwich beams are requested in many 

applications like aviation, missiles, boats and civil construction which demands an analytical method to predict its 

properties. It consists in a core rounded by a lamina or a laminate in both of your sides. Core’s main function is to 

guarantee a high moment of inertia. The kinematic behavior of sandwich structures has been described based on 

formulations of laminated plate theories. This paper brings an analytical model for sandwich beams assisted by software, 

computed through Python algorithms. The software uses a database with properties and other pertinent information that 

serve as the basis for calculations. The user interface is user-friendly and allows calculations to be done more quickly and 

improves your experience. The analysis are based on classical laminate theory and Timoshenko plain beams deflection, 

since it attempts for the transversal shear displacement. As inputs, the program needs to be entered the core and laminate 

types, provided in its database, dimensions like height, breadth and length. As outputs, user obtains flexural rigidity of 

sandwich beam, core and face stresses, shear stresses, deflection and mass. 

 

Keywords: Sandwich laminates, Timoshenko beam theory, software. 
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1 INTRODUCTION 

Sandwich structures are mainly used due to its low weight and high strength supporting 

compressive and flexural strengths, also showing excellent thermal insulation characteristics. 

Nowadays, sandwich beams are requested in many applications like aviation, missiles, boats and civil 

construction which demands an analytical method to predict its properties. It consists in a core 

rounded by a lamina or a laminate in both of your sides. Core’s main function is to guarantee a high 

moment of inertia. The kinematic behavior of sandwich structures has been described based on 

formulations of laminated plate theories.  

 Constructive systems that uses panels sandwich provides good thermal and acoustic resistance 

and insulation. It may be an advantageous alternative to other types of construction, such as using 

masonry walls or pre-made of concrete.  

The challenges derived from new materials, new processes and new structural concepts are 

inherent to the use of composites for flight vehicles due to needs of explicit safety requirements for 

development of the processes of design, manufacturing, maintenance, operation and requirements are 

tightly linked to change and innovation. 

Looking for safety and integrity of these applications, the process must handle with the 

identification of minimal knowledge required to establish basic design data and knowledge bases and 

the costs that represent an important parcel of designs. 

In general, composites are strongly used in applications due to its relation with sustainability 

thinking. A car built with polymer reinforced by natural fiber, for example, can use less oil due its 

low weight. 

 

2 COSTS IMPACT 

Cost is considered one of the most important aspect when the matter is structural composites 

and there are several issues that affects them. The emphasis is placed over recurring and nonrecurring 

costs, where recurring is the variable costs due to a part or piece produced and the nonrecurring cost 

is the cost incurred once during the fabrication run. 

The recurring costs are related to raw materials, labor hours and cost of attaching parts to entire 

structure. There is no free software that provides an analytical model to predict final geometry, weight 

and estipulate properties.  

According to [1]: 
“The purpose of a "theoretical' cost model is the same as any theoretical model: to identify basic laws 

and apply them with the appropriate level of rigor (or simplification) in order to obtain useful 

estimates of system behavior.”  

Otherwise, a theoretical model can be created to estimate the properties and for the analysis of 

composite structures. 

Non-recurring costs follows the phases of the project: Design phase, which the geometry is 

created and the fabrication process is selected; Analysis phase, where is determined the applied loads 

and the failure modes; Tooling, that englobe assembly jigs and fixtures; Testing, including the 

fabrication of specimens and testing of it and certification that is the most expensive, according to 

[2]. 
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This scenario illustrates the needs to an analysis software that improves experience and 

provides theoretical results more quickly. 

3 CLASSICAL BEAM THEORY 

In first time, for the analysis of a panel, it is necessary to decide whether it will be analyzed 

with the behavior of a beam or panel, if the panel to be analyzed is supported only by two opposing 

edges, according to [3], there is an approximate way to decide that if the panel will be analyzed like 

a beam or a panel, and it can be made according to the following relations. 

 
𝑏

𝑎
≲ 0,3   (𝐵𝑒𝑎𝑚 𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑟) 

𝑏

𝑎
≳ 0,8    (𝐼𝑛𝑓𝑖𝑛𝑖𝑡𝑒 𝑝𝑎𝑛𝑒𝑙 𝑢𝑛𝑑𝑒𝑟 𝑐𝑖𝑙𝑖𝑛𝑑𝑟𝑖𝑐 𝑓𝑙𝑒𝑥𝑖𝑜𝑛) 

Being b the width and a the length of the panel. If the panel is supported by more than two 

edges, it must be analyzed as a panel. 

 

4.1. Model for a Simply Supported Beam 

 

To exemplify the calculation routine, a simply supported beam (Figure 1) will be used, where 

(l) represents the beam length, and (F) represents the applied load. The following is a sequence of 

formulas used as basis for the development of the sandwich design, about a simply supported beam, 

available in [3]. These formulas, are being obtained by the Euler-Bernoulli theory, and the 

Timoshenko theory. Bellow, the following beams which were considered to the calculations of 

software in Figures 1 to 6. 

 
Figure 1 – Simple-Simple / Point beam 

 
Figure 2 – Simple-Simple / Uniform beam 
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Figure 3 – Free-Fixed / Point beam 

 
Figure 4 – Free-Fixed / Uniform beam 

 
Figure 5 – Fixed-Fixed / Point beam 

 
Figure 6 – Fixed-Fixed / Uniform beam 

4 SANDWICH BEAM PROJECT 

 

The Figure 7, represents the transversal beam section, where 𝑡1 represents the thickness of the 

top face 1, 𝑡2 represents the thickness of the face 2, 𝐻𝑛 represents the core height and 𝐻𝑚 represents 

the distance between the medial surfaces of the faces. 
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5.1. Sandwich beam bending 

 

Second [5-6], in a first moment, the behavior of a sandwich beam can be analyzed according to 

the use of the classical beam theories, as long as being considered the different proprieties of the 

involved materials, and the transverse shear effect in the displacements. Therefore, it is necessary to 

use Timoshenko’s theory or a higher order in the transverse shear. All the calculations bellow in this 

sections are according to [3].  

 

5.2. Flexural stiffness of sandwich beam 

 

For a beam with equal faces and isotropic core, the flexural stiffness (𝐷𝑣), is obtained though 

the sum of the flexural stiffness of the faces, and the flexural stiffness of the core: 

 

𝐷𝑣 =  𝐷𝑓𝑎𝑐𝑒𝑠 + 𝐷𝑐𝑜𝑟𝑒 

 

𝐷𝑣 =  𝐸𝑓

𝑏ℎ3

6
+ 𝐸𝑓

𝑏ℎ𝐻𝑚
2

2
+ 𝐸𝑛

𝑏𝐻𝑛
3

12
 

 

5.3. Bending Solution for sandwiches beams 

 

The problem solution of bending in sandwiches beams can be equal to the applied in 

Timoshenko’s beams, homogeneous and isotropic, it is only necessary that some substitutions be 

made. Solutions were obtained from the theory of Timoshenko, can be used in sandwich beams. 

Figure 7 - Sandwich beam transversal section 
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According to [3], normal stresses occurs only in facings and the shear occurs in the core only, 

both are uniform in the core and across the thickiness of facings. Second [3], for a laminate 𝐸𝑓 =

 𝐸𝑥𝑁  which is the calculated as showed Table 1. 

 

Table 1 - Young's Moduli for Lamina and Laminate 

𝐸𝑓(𝑌𝑜𝑢𝑛𝑔′𝑠 𝑀𝑜𝑑𝑢𝑙𝑢𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑐𝑒) = 

𝐸𝑥(𝑌𝑜𝑢𝑛𝑔′𝑠 𝑀𝑜𝑑𝑢𝑙𝑢𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑥 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛)  
For not aligned orthotropic lamina 

faces. 
𝐸𝑓( 𝑌𝑜𝑢𝑛𝑔′𝑠 𝑀𝑜𝑑𝑢𝑙𝑢𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑎𝑐𝑒) = 

𝐸𝑥𝑁( 𝑌𝑜𝑢𝑛𝑔′𝑠 𝑀𝑜𝑑𝑢𝑙𝑢𝑠 𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛) 
For laminate faces. 

 

5.4. Standard test method for sandwich structures 

 
Table 2 - Standard test methods used for calculations 

[7] ASTM C364/C364M-07 Standard test method for edgewise 

compressive strength of sandwich 

constructions. 

[8] ASTM C393-00 Standard test method for flexural 

properties of sandwich constructions. 

[9] ASTM D3500-90(2004) Standard test methods for structural 

panels in tension. 

[10] ASTM D 3501-05a Standard test methods for wood 

based structural panels in compression. 

 

 

5 SANDWICH BEAMS ANALYSIS SOFTWARE 

Python was selected as programming language because its high performance and better 

application on scientific computing. The interface is simple and intuitive to promote an easy way to 

get the analytical properties. 

As inputs, the program needs the Ex, Ey, vxy and Gxy, which are the engineering constants 

further the name of the laminate will be save this into program’s database. To find this constants, 

were used the online software Mech-G because its quick response and theoretical base. 

This software was made thinking in take less time of the researcher and provide a huge field of 

possibilities to improve your experience and provide more informations than other software 

commonly used in sandwich analysis. 

In the Figure 2, first input data which are optional is showed and if “Save” button is pressed 

then the information goes to the system database. 
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Figure 1 - Facings tab of Sandwich Composite Analysis software. 

 

At the tab Geometry, the needs are to fill “load” field in Newtons and the dimensions of the 

beam. But before that, you need to select laminate, core type and beam type. For help visually when 

beam type is selected, the graphical representation of beam and load is showed on the right side of 

the current tab. 

The program works with a native database that provide analysis data in seconds. But if you 

need to put your custom laminate, it is possible by entering engineering constants as inputs at the 

Facings tab, showed in the Figure 2. 

 

 
Figure 2 - Geometry tab of Sandwich Composite Analysis software. 
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6 RESULTS AND DISCUSSION 

In order to validate the software, experimental data reported by [6] were compared with the 

results obtained by Sancomp. The author performed a three-point bending test in sandwich beams 

composed by aluminium and foam core, measuring their transverse displacement. The material 

properties and beam geometry is reported in Table 3.  

 

Table 3 - Standard test methods used for calculations 

 Geometry 

Facing Thickness 1 mm 

Core Thickness 5 mm 

Width 10 mm 

Span Lenght 122 mm 

 
Properties 

 

Young’s Modulus for Aluminium  70000 MPa 

Young’s Modulus for Foam 26.08 MPa 

Aluminium Poisson’s ratio  0.3 

Foam Poisson’s ratio 0.284 

Applied Force 14.63 N 

 

A moderate correlation was achieved between the vertical displacement measured by [6] and 

Sancomp. The experimental value was 0.498 mm, while the value computed by Sancomp is 0.4297 

mm, yielding a difference of 13,71 %. 

7 CONCLUSION 

The program was able to make the calculations in seconds and improve the researcher 

experience. The results are satisfactory and match with examples encountered in literature. The 

Mech-G is confident and delivery information that is needed. Actually, there are feel options for 

analytical tools that can help researchers and engineers to estimate properties in many seconds, and 

it was what motivates a creation of this software. 
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