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ABSTRACT

The idea of using the explosive charges underwater to damage and sink the targets at sea
has been there since the days of early Marine warfare, although the effective means to do
it were limited or did not exist. According to the analysis of the wartime ship losses
suffered during the first half of the twentieth century, it was determined that the incident
shock wave and explosion gas bubble pulse forces caused severe structural damage and

material failure, and resulted in the sinking of several ships.

In spite of significant efforts by various agencies like government, military and civil
resources directed towards mitigating the vulnerability of humans and structures due to
the blast effects, it is widely accepted that the effects of the Underwater Explosions
(Undex) is still poorly understood. Moreover, the knowledge is not in public domain due
to strategic reasons and hence not available to us. It is therefore of significance that
theories and models capable of describing the phenomenon and its effects be developed

to describe/understand the events qualitatively and quantitatively.

Underwater explosions, generally referred to as UNDEX, occurring in the water near the
ship hull are of great concern to naval surface ships and submarines since they can result
in major hull damage or incapacitate their functionality. Analyzing this phenomenon
requires understanding a complex sequence of events, shock wave propagation, cavitation
and fluid-structure interaction phenomena. Study of this phenomenon is very limited in
the country forcing us to largely seek guidance from abroad, which is costly and may be
unreliable in the long term. The present study is restricted to numerical analysis as the
experimental set up is not only unavailable but exorbitantly costly in terms of monetary
and environmental terms. Further, the cost and associated risks are far too many.
Presently, an effort is made to use FEM (Abaqus explicit) to accurately model the loads,
fluid-structure interaction and the propagation of stress/strain to the structure. Once, the
numerical model is successfully validated with the available experimental results, a

parametric analysis is carried out. The study is extended to the failure state of the plates



post deformation and the initiation of tearing and their location is understood. The source
of initiation and its location is paramount for underwater vehicle as it will lead to
flooding and subsequent loss of the platform.

The evaluation of the failure of the plates subjected to undex, qualitatively
confirmed the various modes of failure postulated by researchers. The mode I failure
representing large deformation at which the subject structure would fail to undertake its
function, effectively. The second failure mode or mode II failure is denoted by the tearing
of the edges which is found to be initiating at the centre and then move on to the end of
the clamped edges. Further increase in the load led to initiation of mode III failure which
is rupture of the plates. The behaviour of Stiffened plates when subjected to Undex is also
studied to compare their efficacy over an equivalent flat plate. As expected, the stiffened
plates offer greater rigidity by resisting bending. As most of the underwater structures are
stiffened, the study represents generally found structural configurations. The stiffened
plates are found to be more effective in withstanding the undex loads when compared
relative to an equivalent solid plate of equal mass. The deformation profiles are also
found for various loads. It is also found that the response of such simple structure can
also be represented by numerical equations to a reasonable extent and the same will help

in deducing the optimum strength required to withstand a known undex loading.

The numerical study is extended to honeycomb sandwich structures where a
honey comb core is sandwiched between two flat plates, such structures are found to be
of use in absorbing explosion energy and thereby protecting the structure underneath. The
face plate is exposed to the blast load and the benefits accrued in terms of reduced
deflections of back plate are studied. Comparison with equivalent solid plate of equal
mass are undertaken. The benefits of a sandwich panel construction over a solid plate to
withstand blast loads are clearly evident by the lower back plate deflections compared
with, the equivalent weight solid plates subjected to the same impulse loading. The
progress of impact or blast loading is seen from that of significant front face bending and
progressive cell wall buckling at the centre of the panel closest to the source of explosion
to that of bending and stretching of back plate. Further, it was found that the bending and

stretching deformations progress from the clamped boundaries to the centre and



stretching generally is found to influence the final shape. Change of boundary conditions
is found to increase back plate deflections but has no role in core crushing as compared to
clamped conditions. The cell wall buckling and core densification increased as the
impulse is increased. Further, the benefits of sandwich structures are evident only with
the intact cores and the diminishing returns as the core crushing begins. Hence,
identifying suitable combination panel is crucial to gain advantage over equivalent solid
plates. Investigation into various different types of cores and their collapse mechanism

will give us greater insight towards defending an explosive load.

The estimation of behaviour of structures in order to optimise structures and to find
suitable configuration that can withstand Undex loads using numerical analysis is an
innovative approach to obviate the limitation of experimental means as explained earlier.

The numerical analysis is done using commercially available FEM package Abaqus.
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