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ABSTRACT

and chamber structures under exgl’ofé‘iye loading " through experiments and
numerical simulations, The éf_fe(;ts of-.m,@t;eriél.:;co:nﬂguration, structural design,

and scaling effects on deformationbe_havfior and energy absorption mechanisms

are systematically examinedr.ww@ e ”

For composite laminatéd-strugtures

ol

-

A
;externa

blast experiments and fluid—

o

structure interaction simulationissweré-coriducteéd=to evaluate the effects of core
materials and interlayer configurations on blast wave transmission, energy
dissipation, and backplate deformation. The study was then extended to the
internal blast response of composite chamber structures, where different chamber
configurations were experimentally tested to evaluate panel deformation, damage
characteristics, and the effects of composite laminate arrangement and structural
reinforcement.

Numerical models were developed for both laminated structures and
chamber structures and were calibrated and validated using experimental results.
For the chamber model, an SPH particle resolution convergence analysis was

further performed to determine the numerical settings for scaling analysis. The



simulations were then used to analyze the overall deformation response and
primary deformation mechanisms of the chamber under internal blast loading.
Finally, blast scaling laws were applied to analyze composite chamber structures
at different scales. The effects of geometric enlargement and thickness
compensation on chamber deformation were examined, and an engineering
estimation relation for the side-wall deflection ratio was established within the
investigated parameter range.

The results show that metal foam cores and polyurea layers can improve blast
energy transfer and backplate deformation behavior through interface reflection,
stress-wave attenuation, and materidl . deformation energy absorption. For
chamber structures, geometric scale 'e.fffeets significantly increase deformation
under high blast pressure, thereby reduemg blast resistance. Increasing wall
thickness can suppress structural defmmatlon w1th1n a certain blast pressure
range, however, as exploswe energy further increases, its mitigation effect
becomes limited and can no longer fully compensate for the deformation induced

by increased loading. Overall, the eXperimental and numerical framework

e as a refere ilast—resmtant design, scaling
estimation, lightweight protectlve module ‘evaluatlon and engineering

performance prediction of composite lammated and chamber structures.

Keywords: Composite chamber structures, Laminated structures, Blast

resistance, Internal explosion, Blast scaling laws, Numerical simulation
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