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To mitigate the damage caused by in-pipe explosions in industrial plants, it

is crucial to incorporate an energy-absorbing mechanism to counteract pressure waves. This study
aimed to develop a design theory for a "functional lattice structure" that combines two mechanisms:
energy absorption by deformation of a three-dimensional lattice structure and energy
attenuation/dissipation based on the principles of acoustic metamaterials. Numerical analysis and
experiments were conducted to investigate the deformation and wave propagation characteristics of
various lattice structures, focusing on their energy absorption performance. Then, phononic bandgap

lattice structures were designed to suppress the propagation of elastic waves within a specific
frequency range. It was suggested that combining and arranging the units to form a bandgap structure
could attenuate the amplitude of the impact pressure load in its main frequency range.
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Fig. 3 Specific plastic collapse stress over
specific stiffness of the basic lattice
structures (Kojima et al, 2023)
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Fig. 4 Dispersion relations of the nesting
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Fig. 5 Predicted first band gap frequencies with
the unidirectional periodic structure
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Fig. 6 Fourier spectrum of the incident and
transmitted waves with the
unidirectional periodic structure
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