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ABSTRACT 

 
In this paper we have studied materials exhibiting negative poisson’s ratio, 

named auxetics, which, in contrast to conventional materials, expand transversely 
when pulled longitudinally and contract transversely when pushed longitudinally. 
These types of materials get fatter when they are stretched, or become thinner when 
compressed. The general requirements of such materials have been to provide a 
combination of high stiffness and strength with significant weight savings, 
resistance to corrosion, chemical resistance, low maintenance and improved 
reliability which, overall, would reduce maintenance costs. In the present work 
auxetic behaviour of a layered material subjected to a sudden uniform normal 
pressure, thermal stresses and temperature variation for auxetic and nonauxetic 
materials and their comparison is studied.     
 

PACS: 4144. 
 

Keywords: Auxetic material, Nonauxetic material, Poisson’s ration, Polyurthane 
foam. 

 
 

1.  INTRODUCTION 
 
Evan (1990)1 investigated that the auxetic materials are of interest due to the 

possibility of enhanced mechanical properties such as shear modulus, plane strain fracture 
toughness and indentation resistance. Therefore, studying these non-conventional materials 
indeed important from the point of view of fundamental research and possibly practical 
applications, particularly in medical, aerospace and defense industries.  In fact, some 
materials with negative Poisson’s ratio have been used in applications such as pyrolytic 
graphite for thermal protection in aerospace, large single crystals of Ni3 Al in vanes for air 
craft gas turbine engines. A variety of auxetic materials and structures have been discovered, 
manufactured  or synthesized within the last twenty years.  Applications  of  materials  with  
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negative Poisson’s ratios may be categorized based on: 
 
 

(i) The Poisson’s ratio, 
(ii)  The superior toughness, resilience, and tear resistance which have been observed in these 

materials, and  
(iii)  The acoustic properties associated with the vibration of ribs in the material. 
 

The Poisson’s ratio influences deformation kinematics in ways which may be useful, 
and it influences the distribution of stresses. For example, stress concentration factors are 
reduced in some situations, but increased in others, when Poisson’s ratio is negative. 
Materials with negative Poisson’s ratios can quantitatively improve the performance of 
applications. 
 
2. LITERATURE REVIEW 

 
Alderson et al.2 studied the filter performance of auxetic materials from the macro-

scale to the nano scale. The existence of the counter intuitive property for which a material 
laterally shrinks when compressed and expands when stretched for crystalline solids of the 
monoclinic symmetry class, is presented by Rovati3. Materials with negative Poisson’s ratio 
have been modeled largely by regular 2D networks and the results for extreme Poisson’s 
ratios and related elastic crystal are presented by Gaspar et al.4 and Guo et al.5 respectively. 
The compressive mechanical properties of uniform and density-graded Al-6061 foams are 
investigated by Brothers et al.6 in which the uniform foam shows compressive behavioral 
characteristics of conventional metallic foams with a near constant plateau stress, the 
density-graded foam exhibits a smoothly rising plateau stress. Strek et al.7 studied the 
mechanical behaviour of a thick elastic plate, made of isotropic material and a layered 
composite with alternating layers of materials with negative and positive Poisson’s ratio is 
presented by Gatt et al.8. The behaviour of bimaterial strips when subjected to changes in 
external hydrostatic pressure and a problem of a multilayered plate is investigated by Kocer 
et al.9 and Bhullar et al.10 respectively. 
 In the present paper auxetic behaviour of a layered plate subjected to a sudden 
uniform normal pressure, thermal stresses and temperature variation for auxetic and non-
auxetic materials and their comparison is studied. 
 
3. RESULTS AND DISCUSSION 

 
The object of our interest is a layered plate subjected to a sudden uniform normal 

pressure of intensity p applied at the faces x = ± �
�
  with temperature T= 300 K. To study the 

auxetic and non-auxetic behaviour, the material chosen to the plate is Alumina/Silicon. The 
numerical data necessary to do the calculations are collected in Table 1.  

The auxetic and non-auxetic behaviour of the material due to taking values of 
Poisson’s ratio-1 <σ<0.5 is studied. The graphs are drawn to show the variation in 
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temperature and stress distribution due to external pressure. Variations in temperature field 
for the negative and positive values of Poisson’
in normal stresses τxx and τ

Table 1. Numerical data for studying auxetic and non

Material constant
E, Young’s modulus
p, pressure
Linear thermal expansion 
Mass density 
Specific heat of constant volume C
Thermal conductivity K

Figure 1. Comparison of temperature variation in auxetic 

Figure 2. Comparison of Stress component 
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temperature and stress distribution due to external pressure. Variations in temperature field 
for the negative and positive values of Poisson’s ratio are shown in Figure 1 and the variation 

and τyy are shown in Figures 2 and 3 respectively. 
 
 

Table 1. Numerical data for studying auxetic and non-auxetic material
 

Material constant Alumina/Silicon 
E, Young’s modulus 71.7x109 [Pa] 
p, pressure 106 [Pa] 
Linear thermal expansion α  7.2x10-6/K 

Mass density ρ 3.88x103 Kg/m3 
Specific heat of constant volume Cv 0.2x103 J/Kgoc 
Thermal conductivity K 30.3 W/mK 

 
 

Figure 1. Comparison of temperature variation in auxetic and non-auxetic material.
 

Figure 2. Comparison of Stress component τxx in auxetic and non-auxetic material.
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temperature and stress distribution due to external pressure. Variations in temperature field 
s ratio are shown in Figure 1 and the variation 

auxetic material. 

 
auxetic material. 

 
auxetic material. 
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Figure 3 : Comparison of Stress Component 
 
Additionally, the results for displacement field 

results show clear difference in response of auxetic material versus non
extremely applied load in a thermal elastic plate. It indicates that a further study of this 
problem, especially the one which involve
materials should be pursued.

 

Figure 4. Horizontal displacement in auxetic and non
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Figure 3 : Comparison of Stress Component τyy in auxetic and non-auxetic material

Additionally, the results for displacement field , are shown in Figure 4. These 
results show clear difference in response of auxetic material versus non-auxetic material to 
extremely applied load in a thermal elastic plate. It indicates that a further study of this 
problem, especially the one which involves layers or composites with non
materials should be pursued. 

Figure 4. Horizontal displacement in auxetic and non-auxetic material.

8 (2015) 

journal.org 

 
auxetic material 

are shown in Figure 4. These 
auxetic material to 

extremely applied load in a thermal elastic plate. It indicates that a further study of this 
s layers or composites with non-auxetic/auxetic 

 
auxetic material. 
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Figure 5.  Load needed to penetrate to depth 
 

Figure 6.  Load needed to penetrate to auxetic and non
angle of contact. 
 
4. CONCLUSIONS 
 

 
Material parameters

E. Young’s modulus Poisson’s 
ratio 

 
 It is observed that for all configurations substantially more load is needed to indent 
an auxetic material comparative to non
other researchers11. 
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Figure 5.  Load needed to penetrate to depth ωωωωo into auxetic and non-auxetic material

Load needed to penetrate to auxetic and non-auxetic material versus angle of penetration and 

Table 2.  Material Properties 

Material parameters Auxetic polyurethane foam Non-Auxetic Polyurethane foam
Poisson’s 3Mpa 

-0.7 
5 MPa

0.4

It is observed that for all configurations substantially more load is needed to indent 
an auxetic material comparative to non-auxetic material. This confirms observations made by 
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auxetic material 

 
auxetic material versus angle of penetration and 

Auxetic Polyurethane foam 
5 MPa 

0.4 

It is observed that for all configurations substantially more load is needed to indent 
auxetic material. This confirms observations made by 
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