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) ) metal surfaces has been designed and modeled. Two main criteria, the
Anticlastic internal angle and the thickness of the sheet forming the acoustic
Finite Elements microstructures, have been evaluated as effective factors in the
Explosion explosive resistance of sandwich panels. The explosive resistance of

sandwich panel samples with traditional and new cores has been
investigated under a load of 300 grams of TNT at a distance of 10
centimeters from the center of the upper face of the sandwich panel.
The results indicate a decrease in the negative Poisson's ratio due to an
increase in the thickness of the bowtie cell sheet and an increase in the
internal angle of the microstructures forming the core. The highest
value of the negative Poisson's ratio, 0.514, was obtained in the
internal sample with an internal angle of 50 degrees and a sheet
thickness of 0.6 mm. The results indicate a significant decrease in the
stress on the foundation and an increase in the response time of the
structure due to an increase in the negative Poisson's ratio and isotropic
performance. The maximum stress on the foundation in the sample
with an isotropic internal angle of 50 degrees decreased by more than
one third compared to the sample with the same traditional angle. The
reduction in stress on the foundation at an internal angle of 60 degrees
was more noticeable in the traditional and new cores. The findings of
this study can be a good guide for developers and researchers active in
the field of structural reinforcement.
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Introduction

Optimization of structures is an important field in civil engineering. Researchers have always used two
strategies to optimize structures in order to reduce costs and materials: increasing the strength of
materials and reducing the weight of the structure. Therefore, sandwich panels are widely used materials
in the civil engineering industry due to their acceptable strength and lightness. However, these elements
have little resistance to out-of-plane forces due to their low thickness. Today, with the increasing
probability of war and explosion, the need to improve the mechanical properties of sandwich panels is
felt more than ever. In this research, an attempt has been made to analyze and improve the explosive
resistance of sandwich panels using the auxetic structure as the core. The new negative Poisson structure,
which is inspired by the traditional re-entrant auxetic structure, has a two-way function and is lighter than
the traditional auxetic structure.

Methodology

At first, a traditional re-entrant axetic core was simulated in the Abaqus software, inspired by the
traditional structure, a new two-way re-entrant negative Poisson structure was simulated. Sandwich
panels created with traditional and new aluminum alloy cores were tested under different explosive
loadings and variable distances to clarify the performance of the sandwich panel and to investigate
hazard scenarios.

The samples were placed on a concrete foundation and the amount of energy transferred from the
sandwich panel to the foundation was evaluated.

Results and Discussion

By comparing the maximum contact force in the new and traditional sandwich panels, we find that the
new core has performed much better in damping explosive energy. In such a way that the maximum
contact force in the new sandwich panel sample under a load of 1200 grams of explosive with a distance
of 300 mm was more than 50 percent lower than the traditional sandwich panel sample with the same
amount of explosive and a distance of 100 mm.

By examining the time history of the maximum reaction force, we notice a significant decrease in the
support reaction along with the blast wave and a longer reaction response.

Looking closely at the graphs for the four models with new and old internal angles of 50 and 60, we
notice a reduction of more than 8 times in the sample with an internal angle of 50 degrees and more than
6 times the maximum simulated support reaction in the new and traditional core.

Also, the new core with an angle of 50 degrees has resulted in a 6 times reduction in the total support
reaction force in the 2-millisecond period of study compared to the traditional sample with the same
internal angle. These numbers reach more than 5 times the internal angle of 60 degrees.

Conclusion

The results obtained include changes in Poisson's ratio, maximum stress on the foundation, maximum
depression of the face facing the blast wave in the sandwich panel, total support reaction and maximum
support force. The effect of the two-way performance in the new auxetic core has had a significant
impact on the resistance of the sandwich panel to external forces perpendicular to the sandwich panel
plane. The weight of the new core is lighter than the traditional auxetic core due to the hollow structure.
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