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Abstract. Sandwich structures have been intensively studied since their first 
extensive use in the Second World War. The major interest of researchers 
nowadays is to develop high-performance cellular cores while lowering the 
production costs, and by this, launching the sandwich panels into a wide 
range of industrial applications. A particular category of such cores are the 
structures with negative Poisson’s ratio (NPRs). Taking into account the 
existing structures developed up to the present, the main objective of this 
paper is to present a consistent study on this issue and to investigate the 
transition process of a structure from positive to negative Poisson’s ratio. 
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1.  Introduction 
 
A sandwich panel is defined as a special laminated composite, manufactured from 

different materials bonded to each other, in order to use their mechanical properties as an 
advantage for the whole assembly. Its construction contains two thin, stiff and strong 
faces, both of them bonded through different procedures (adhesive, brazing etc.) to each 
sides of a thick layer called core, Figure 1. The resulting structure has significant 
advantages, such as: high stiffness and strength to low weight ratios, good thermal and 
acoustic insulation, high energy absorptions capacities etc. [15]. 

 

 
Fig. 1. Transverse section of a sandwich panel 

 
The topology of cellular structures used as cores for sandwich panels is various throughout 

their development, for example: balsa wood, cellular foams, honeycomb and corrugated [15].  
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2.  Types of Corrugated Structures Used in Manufacturing Sandwich Panels 
(Classification with Respect to the Poisson’s Ratio) 

 
Research in this area states that corrugation could give the possibility to obtain highly 

directional mechanical properties and provide high stiffness for sandwich panels, which can 
speed up the process of implementing their use in industries like aircraft, naval and even 
automotive [4-9]. The core structures obtained through a corrugation process can have 
several types of geometry such as: triangular, trapezoidal, sinusoidal, cellular etc. [1]. 

One of the most important characteristics of cellular structures is relative density (ρr) 
which allows to evaluate the lightweight characteristic of a newly developed periodic cell 
[13]. Apart from the elastic moduli and ultimate strength, another important characteristic 
that contributes to evaluating the behaviour of a sandwich panel is the Poisson’s ratio, 
defined as the transverse strain divided by the axial strain. In other words, the Poisson’s 
effect is recorded when a material is compressed in one direction and it tends to expand in 
the perpendicular direction. A classification of cellular structures with regard to Poisson’s 
ratio is presented in the following paragraphs. 

 
2.1.  Positive Poisson’s Ratio (PPR) 

 
Poisson’s ratio for most of the categories of solids has positive values usually in the 

range of 0.25-0.33 [1]. 
Most of the mechanically expanded structures are included in the category mentioned 

above, as shown in Figure 2. They are manufactured from continuous metal sheets, 
previously cut and perforated after a given pattern, forming an open cell structure [11].  

These type of products have gained popularity in the last few years because they offer 
competitive compression and bending properties, comparable to the existing honeycombs 
[5], as well as a reduced manufacturing costs and high percentage of raw material usage [7]. 

 

 
Fig. 2. Example of corrugated topologies with positive Poisson’s ratio [11] 

 
2.2.  Zero Poisson’s Ratio (ZPR)  

 
Structures with zero Poisson’s ratio are those types of solids which if compressed, on their 

geometry would not undergo any expansion in the perpendicular direction, and vice-versa. 
A cellular structure with varying behaviour is the honeycomb. Current research 

describes another type of structure with zero Poisson’s ratio, consisting in an optimized 
honeycomb. In this case, the resulting cell has the advantage of having high bending 
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compliance at large strains, and therefore, the structure may be used in cylindrical 
sandwich panels’ applications, Figure 3 [3]. 

 

 
Fig. 3. Example of optimized honeycomb structure with zero Poisson’s ratio [3] 

  
2.3.  Negative Poisson’s Ratio (NPR)  
 

Structures with negative Poisson’s ratios are those types of structures having the 
property to expand laterally when subjected to longitudinal extension strain and 
transverse contraction strain [13]. According to the research in the field, due to the large 
volume fraction of voids in the geometry of the honeycombs, they offer enhanced 
flexibility when subjected to large strain, which can be considered as an advantage and 
exploited in future studies [2-10]. 

There is consistent research in the field of NPR structures, strictly regarding the 
optimization of the existing honeycomb shape, in the attempt of obtaining structures with 
special functions [8]. Due to these optimizations, the resulting geometries can lower the 
Poisson’s ratio up to -1.05, as well as present higher stiffness if an accurate optimization 
of the parameters is to be performed [6-8]. 

 

 
Fig. 4. Optimized structure with negative Poisson’s ratio [8] 

 
The structure presented in Figure 4 has negative Poisson’s ratio when the length of the 

rib is modified, and in this case, the Young’s modulus is enhanced. 
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3.  The ExpaAsym Structure 
 

ExpaAsym structure is a periodic cellular core developed at Transilvania University of 
Brasov, obtained through a mechanical expansion process, from a previously cut and 
perforated sheet metal, conducted after an established pattern [14]. The bonding surface is 
created by bending the area generated between the perforations, by the cut, at a desired 
angle, previously calculated, and both of the resulting shoulders can be bent in the same 
way or contrary. The expansion is exerted by applying a force F on the plane of the sheet 
metal, perpendicular to the direction of the perforations, while on the opposite side, the 
semi-finished product is fixed, resulting the expanded cellular structure, Figure 5.  

 

 
Fig. 5. The ExpaAsym structure, before and after the expansion process [11] 

 
The expanded periodic structure is defined by several main parameters: internal angle 

(A); width of the perforation (2b); distance between two transversal cuts (c); length of the 
cell’s lever arm (l). These parameters help in defining the expansion angle, in order to 
determine the bulk dimensions of the unit cell, using the following formulae: 
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The structure was studied regarding several interdependencies between the parameters 

mentioned above, but the one connection which has an influence directly on the geometry of 
the unit cell, is the relation between the internal angle (A) and the expansion one (G) [13]. 

Taking into account the l/c ratio, and varying it in several combinations, the author has 
shown the interdependency between the internal angle, with a variation in the range 5°-
120°, and the expansion angle, Figure 5. 
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Fig. 6. The interdependence between the internal and expansion angle [14] 

 
From the graph in Figure 6, it can be concluded that, in one of the cases analysed, when 

l=2c and the internal angle equals 60°, the value of the expansion angle is equal with the 
one of A, and thus, the geometry of the unit cell becomes hexagonal. This study has 
conducted to the possibility that, if the internal angle is to exceed 90°, the geometry of the 
structure can reverse, and turn into a specific auxetic one (with negative Poisson’s ratio). 

 
4.  Conclusions 

 
Due to its high performances, the honeycomb structure still remains, up to the 

present, one of the most popular structures used as core for sandwich panels. Due to 
the extensive research performed in the direction of NPR structures, it has been 
proven that auxetic honeycombs have quite a good perspective for the future, since 
there is registered a significant enhancement of the Young’s modulus. 

The ExpaAsym structure offers great possibilities due to the flexible topology of 
its cellular core; future research may be conducted to prove that the structure can 
have a negative Poisson’s ratio, which could give the structure higher mechanical 
properties. The advantage of this particular structure is related to its significant 
bonding surface, which could ease the technological flow, and, by this, lower the 
production costs. If it will be proven that the structure is indeed auxetic, together 
with improved mechanical properties, this type of core could upgrade the 
functionality of the sandwich panel, as well as extend its use in different existing 
industries. In this respect, the analytical and numerical investigation of its Poisson’s 
ratio represents a future research direction to be exploited and a challenging 
objective for structural development and optimization.   



Bulletin of the Transilvania University of Braşov • Vol. 10 (59), No. 2 - 2017 • Series I 
 
24 

References 
 
1. Boorle, Rajesh Kumar, Mallick, P.K.: Global Bending Response of Composite 

Sandwich Plates with Corrugated Core: Part I: Effect of Geometric Parameters. In: 
Composite Structures 141 (2016), p. 375-388. 

2. Horrigan, E.J., Smith, C.W., Scarpa, F.L., Gaspar, N., Javadi, A.A., Berger, M.A., 
Evans, K.E.: Simulated Optimization of Disordered Structures with Negative 
Poisson’s Ratios. In: Mechanics of Materials 41 (2009), p. 919-927. 

3. Huang, J., Zhang, Q., Scarpa, F., Liu, Y., Leng, J.: Bending and Benchmark of Zero 
Poisson’s Ratio Cellular Structures. In: Composite Structures 152 (2016), p. 729-
736. 

4. Kılıçaslan, C., Güden, M., Odacı, İ.K., Taşdemirci, A.: The Impact Responses and the 
Finite Element Modeling of Layered Trapezoidal Corrugated Aluminum Core and 
Aluminum Sheet Interlayer Sandwich Structures. In: Materials and Design 46 (2013), 
p. 121-133. 

5. Kooistra, G.W., Wadley, H.N.G.: Lattice Truss Structures from Expanded Metal 
Sheet. In: Materials and Design 28 (2017), p. 507-514. 

6. Lia, D., Maa, J., Dongb, L., Lakes, R.S.: Stiff Square Structure with a Negative 
Poisson's Ratio. In: Materials Letters 188 (2017), p. 149-151. 

7. Lim, C-H, Jeon, I., Kang, K-J: A New Type of Sandwich Panel with Periodic Cellular 
Metal Cores and its Mechanical Performances. In: Materials and Design 30 (2009), 
p. 3082-3093. 

8. Lu, Z-X., Li, X., Yang, Z-Y., Xie, F.: Novel Structure with Negative Poisson’s Ratio 
and Enhanced Young’s Modulus. In: Composite Structures 138 (2016), p. 243-252. 

9. Magnuckia, K., Magnucka-Blandzib, E., Wittenbeckb, L.: Elastic Bending and 
Buckling of a Steel Composite Beam with Corrugated Main Core and Sandwich 
Faces-Theoretical Study. In: Applied Mathematical Modelling 40 (2016), p. 1276-
1286. 

10. Sun, Y., Pugno, N.M.: In Plane Stiffness of Multifunctional Hierarchical 
Honeycombs with Negative Poisson’s Ratio Sub-Structures. In: Composite Structures 
106 (2013), p. 681-689. 

11. Velea, M.N., Lache, S.: Mechanically Expanded Products used as Cores in Sandwich 
Panels. In: Bulletin of the Transilvania University of Brașov (2010) Vol. 3 (52), 
Series I, p. 41-46. 

12. Velea, M.N., Lache, S.: Numerical Simulations of the Mechanical Behavior of 
Various Periodic Cellular Cores for Sandwich Panels. In: Proceedings of the 11th 
International Conference on the Mechanical Behavior of Materials, Milano, 2011, p. 
287-292. 

13. Velea, M.N., Lache, S.: In-Plane Effective Elastic Properties of a Novel Cellular 
Core for Sandwich Structures. In: Mechanics of Materials 43 (2011), p. 377-388. 

14. Velea, M.N: Structuri celulare avansate pentru proiectarea multifuncţională şi 
construcţia panourilor de tip sandwich (Advanced Cellular Structures for Multi-
Purpose Design and Sandwich Panel Construction). In: Ph. D. Thesis, Transilvania 
University of Brașov, Brașov, Romania, 2011. 

15. Zenkert, D.: An Introduction to Sandwich Structures. Student Edition (2009), p. 1.1-
1.4. 


