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Blast resistance and energy evolution characteristics of high-
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strength steel/AFRP\ééé:gosite plates under close-in blast loading
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Abstract: Th sponse, damage characteristics, and energy evolution of high-strength steel/aramid fiber-reinforced
polymer (AFR site target plates under close-in blast loading provide an important basis for understanding blast-
resistance enhancement mechanisms and improving structural protective performance. In this study, close-in blast tests were
conducted on Q460 high-strength steel/ AFRP composite plates with different AFRP backing thicknesses. Three-dimensional
digital image correlation (3D-DIC) and three-dimensional scanning were employed to characterize the full-field dynamic

deformation and damage morphology of the target plates, and LS-DYNA numerical simulations were further performed to
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investigate their blast resistance, energy evolution characteristics, and parametric effects. The results showed that the high-
strength steel plate without AFRP backing underwent central petalling perforation, whereas the introduction of AFRP backing
effectively suppressed perforation and changed the failure mode from central petalling perforation to non-perforated localized
bulging. Increasing the AFRP backing thickness significantly reduced the residual deformation and damage extent of the
composite plates. According to the energy evolution results, the structural energy response was mainly concentrated in the
front steel layer (FSL). Although the AFRP backing accounted for only a relatively small proportion of the total energy, its
blast-resistance enhancement was mainly manifested by constraining the localized large deformation and tearing development
of the steel plate. For multilayer AFRP-backed configurations, the inner aramid layers adjacent to the steel plate accounted
for a larger proportion of the total ABL energy than the outer layers. In addition, increasing the yield strength of the FSL and

the thickness of the AFRP backing both improved the blast resistance of the composite plates, whg{e the incremental benefit

c@@srial selection and

; Blast resistance; Energy

of further increasing the backing thickness gradually diminished. These findings provide a refer
optimization of high-strength steel/AFRP composite blast-resistant structures.
Keywords: High-strength steel; AFRP; Close-in blast; Three-dimensional digital ima,

evolution
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Fig.1 Tensile behavior of Q460 steel under quasi-static loads
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Fig.2 Configuration and fabrication process of ACSP specimens: (a) geometry and

fixation of the FSL; (b) -
(d) fabrication process of ACSP specimens; (e) schematic of the laygred configuration of ACSP
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Fig.4 Temporal evolution of out-of-plane displacement fields of ACSP specimens
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Table 3 Material parameters for numerical simulation
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Fig.8 Convergence analysis of displacement response.
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Table 4Quantitative validation of the numerical model against experimental results

IR T R R/ mm 5 H4 R /mm REY%
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R PE
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