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Abstract - Material with a negative poisson’s ratio is termed 

as auxetic materials. A negative poisson's ratio implies a 

lateral strain under application of load, that is it expand 

laterally when under tensile load and contracts under 

compression loading.  

This study aims to investigate the effect of structural, impact 

and blast load on auxetic structures through a numerical 

simulation using ANSYS workbench 2022R1. 

In the preliminary stage of study a three dimensional finite 

element model of conventional beam and auxetic beam with 

different shape like square, star and chiral structure with a 

counter-rotational core cell is developed. In the next phase, 

the behavior of conventional beam and auxetic beam under 

structural and impact load is analysed. And the results are 

compared. In the final stage of study, a optimal auxetic beam 

is obtained. 
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1.INTRODUCTION  

 

From the daily life experience, when the material is stretched, 

the material not only becomes longer in the direction of stretch 

but also becomes thinner in cross-section. The behavior of the 

material in this case under deformation is governed by one of 

the fundamental mechanical properties of material, that is, 

Poisson’s ratio. 

Poisson’s ratio of a material is the ratio of the lateral 

contractile strain to the longitudinal tensile strain for a material 

undergoing tension in the longitudinal direction; that is, it 

shows how much a material becomes thinner when it is 

stretched. Therefore, most of the materials have a positive 

poisson’s ratio. In case of counterintuitive behavior of auxetic 

material, it undergoes lateral expansion when stretched 

longitudinally and becomes thinner when compressed. 

The network is deformed by hinging of the ribs forming the 

network in case of honeycomb structure. It is observed that, for 

individual cells having the conventional hexagonal geometry, 

the cells elongate along the y -axis and close up along the x -

axis in response to stretching the network in the y -direction, 

giving a positive. By maintaining the same deformation 

mechanism (rib hinging) but modifying the honeycomb cell 

geometry to adopt the reentrant structure, the cells of the 

network now undergo elongation both along and transverse to 

the direction of applied load in Fig.1.1. Hence the reentrant 

honeycomb deforming by rib hinging is an auxetic structure. 

Generally this structure is anisotropic; that is, the value vof  

when loaded along the x -direction (vxy) differs from that 

when loaded along the y -direction (vyx). The theory of 

elasticity is scale-independent and so the structure that is 

deforming may be at a macroscopic or microstructural level, or 

even at the mesoscopic and molecular levels. 

 

2.OBJECTIVES 

• To study the effect of structural load on conventional 

beam, square auxetic beam, star auxetic beam and chiral 

structure with a counter-rotational core cell auxetic beam 

• To study the effect of impact load on conventional 

beam, square auxetic beam, star auxetic beam and chiral 

structure with a counter-rotational core cell auxetic beam 

• To compare conventional beam and auxetic beam 

 

3.METHODOLOGY 
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4.MODELLING 

Numerical modelling plays a key role in structural 

engineering during the design stage in order to anticipate the 

structural behaviour and during the service life of an already 

built structure in order to evaluate its current performance 

Conventional beam of size 38001000mm is modelled in 

ANSYS software. Auxetic structure of different shape like 

square, star, chiral structure with a counter-rotational core cell 

are provided with rib thickness of 2mm and cell angle 60°. 

There are 3 models in total including conventional beam and 

its description is given below 

 

Table 4.1 Model name and description 

Model name Model description 

CB Conventional beam 

SQ Square shape 

ST Star shape 

CH Chiral structure with a counter-rotational core 

cell 

 

                           

         

                              

            

 

Fig. 4.2 Assembly of beam on ST auxetic beam 

 

 

 
                  

Fig. 4.3 Assembly of beam on CH 

 

 

 
          Fig. 4.5 Assembly of beam on SQ auxetic beam 

 

 

5. STRUCTURAL ANALYSIS 

Stress due to static structure was analyzed by using ANSYS 

software. A uniform load of 1000N is applied to different 

models. 

 

Fig. 5.1 Boundary condition for CB 

 

 

Fig. 5.2 Equivalent stress of CB 

 

 

Fig. 5.3 Boundary condition for auxetic structure 
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 Fig. 5.4 Equivalent stress of SQ 

 

 

                    Fig. 5.5 Equivalent stress of ST 

 

 

 

 

 

 

 

 

Fig. 5.6 Equivalent stress of CH 

6. IMPACT ANALYSIS 

Stress due to impact was analyzed by using ANSYS software. 

A load is dropped to the ground from a height of 1m. For 

impact analysis explicit dynamics is used. 

 

 

 
 

Fig. 6.1 Boundary condition for CB 

 

 

 

 

 

 

 

 

 

 

 

 

 

             Fig. 6.2 Equivalent stress of CB 

 

 

 

 

 

 

Fig. 6.3 Boundary condition for auxetic structure 

 

 

Fig. 6.4 Equivalent stress of SQ 

 

 

Fig. 6.5 Equivalent stress of ST 
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Fig. 6.6 Equivalent stress of CH 

7.RESULTS AND DISCUSSION 

In this project, a total of 3 auxetic beam specimen and a 

conventional beam were analyzed to examine the behavior of 

beam under different loading conditions such as structural 

load, impact load and blast load. 

Under structurally applied load conventional beam shows a 

stress of 2.51MPa. Auxetic beam of specimen SQ shows a 

stress of 0.22MPa under structural load i.e, it shows 91.24% 

decrease in stress compared to conventional beam. Auxetic 

beam of specimen ST shows a stress of 1.28MPa under 

structural load i.e, it shows 49.04% decrease in stress 

compared to conventional beam. Auxetic beam of specimen 

CH shows a stress of 0.22MPa under structural load i.e, it 

shows 91.24% decrease in stress compared to conventional 

beam. 

Table 7.1 Percentage decrease in stress under structural load 

Model 

name 

Equivalent 

stress 

(MPa) 

Decrease in 

stress 

(%) 

CB 2.51 - 

SQ 0.22 91.24 

ST 1.28 49.04 

CH 0.22 91.24 

 

 

Fig. 7.1 Graphical representation of stress under structural 

load 

Under impact load conventional beam shows a stress of 

43.118MPa. Auxetic beam of specimen SQ shows a stress of 

0.159MPa under impact load i.e, it shows 99.63% decrease in 

stress compared with conventional beam. Auxetic beam of ST 

shows a stress of 16.493MPa under impact load i.e, it shows 

61.75% decrease in stress compared with conventional beam. 

Auxetic beam of specimen CH shows a stress of 2.836MPa 

under impact load i.e, it shows 93.42% decrease in stress 

compared with conventional beam. 

Table 7.2 Percentage decrease in stress under impact load 

Model 

name 

Equivalent 

stress 

(MPa) 

Decrease in 

stress 

(%) 

CB 43.118 - 

SQ 0.159 99.63 

ST 16.493 61.75 

CH 2.836 93.42 

 

 

Fig. 7.2 Graphical representation of stress under impact load 

8.CONCLUSION 

A conventional beam and auxetic beam of different shape was 

modelled and different loading conditions were analysed 

using ANSYS. Auxetic beams of different shape like SQ, ST 

and CH shows a decrease in stress compared to conventional 

beam under structural and impact. Among different auxetic 

beam SQ shows a better result. SQ shows 91.24% and 

99.63decrease in stress under structural and impact load. 
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