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Abstract

This thesis contains a number of journal papers which aim to extend, or produce new,
analyses techniques for determining the response of structural members subjected to blasts.
Within the first portion of the thesis, a new approach is provided which extends upon the
concept of the normalised, or non-dimensional, pressure impulse (PI) curve, allowing it to be
applied to determine the response of structural members subjected to blasts occurring in
vented and unvented confined environments. As a confined blast load is highly irregular,
containing multiple peaks and long duration gas pressures, a method for simplifying the
confined blast load is proposed. Then, an entirely new general approach for determining
normalised PI curves is developed and presented. It is shown that, due to its generality, it can
account for any pulse load shape. It is also shown that other curve-fitting techniques typically
used to determine normalised PI curves, while being suitable for external blast loads, cannot
be applied to the more abstract pulse load shapes associated with confined blast loads. Then,
the newly proposed general approach is applied to, and validated for, vented confined blast
loads. Furthermore, the entire concept of a PI curve is extended so that an infinitely long
duration unvented confined blast load, having an infinite impulse, can be analysed using a PI
diagram.

A one dimensional (1D) finite element model (FEM) is then adopted for further studies, due
to its inherent accuracy and stability despite its numerically efficiency. As the 1D FEM can
accurately model the global dynamic response of an entire structural member, it does not
suffer from the limitations of more commonly used simplified analysis techniques, such as
the single degree of freedom (SDOF) method. Firstly, a segmental moment-rotation model is
incorporated into the 1D FEM to accurately analyse the response of reinforced concrete (RC)
beams and slabs subjected to blasts. The model, as a whole, can accurately simulate
important RC behaviour, such as slipping of steel reinforcement within concrete and
softening of concrete in compression, despite being numerically efficient. Furthermore, the
1D FEM is used to determine PI curves for steel columns under various levels of axial
loading. This study is then used to validate a newly developed simple SDOF approach for
determining PI curves for steel columns under axial loading. Despite the simplicity of the
approach, it is shown to accurately account for the new failure mechanism of global
instability and PA effects, all caused by the axial load. Finally, the 1D FEM is used to
undertake a parametric study on RC slabs to determine the influence of the flexural behaviour
and geometrical properties on the direct shear response. The results provided in this final
study aim to be a starting point for determining more sophisticated simplified methods, such
as a new SDOF method or normalised PI curves, for analysing the direct shear response of
RC beams and slabs.
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