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The viability of using the Direct Simulation Monte Carlo (DSMC) approach to study
the blast-impact problem is assessed. An uncoupled analysis of the problem is performed
where the solid body is not allowed to move or deform. The numerical simulations are
designed to mimic the actual shock-tube experiments. Our code is validated against the
shock-tube (Riemann) problem. A novel approach to model the inflow boundary condition
is presented which can be used with both particle and continuum methods. A generic
implementation of the solid boundary condition for particle methods is described which
can easily and efficiently handle arbitrary-shaped bodies. This approach is demonstrated
by computing load definition for two model geometries - a box and an ‘I’ shaped beam.

Introduction

TRAGIC mishaps such as the attacks on the World
Trade Center and the USS Cole have necessitated

the design and construction of blast-resistant struc-
tures that can be used to protect critical buildings.
This is an extremely challenging task since it is so
difficult to estimate the magnitude of the blast, and
the location (inside/outside a building) of the explo-
sive. Since we cannot estimate the “threat” we are
fighting against, we have to design our structures for
“performance”, the performance defined as the abil-
ity to withstand unexpected forces. A preliminary
requirement in the design of such blast-resistant struc-
tures is to have a time history of the pressure on the
body which is subjected to a blast-impact. This is
called load definition. This study is aimed at obtain-
ing accurate load definition on the body in a reasonable
amount of time.

After an explosion, a blast (shock) wave is formed
which travels outward in three dimensions. The in-
tensity of the wave continuously decreases with the
distance from the explosion center. A typical pressure
history from an explosion at a point some distance off
the explosion center is shown in Fig. 1

Bleakney et.al.2 were the first to experimentally in-
vestigate the loading on structures due to impact from
a shock wave. Although the pressure falls steadily be-
hind the shock front, the rate of decay is so slow that
the first few hundred feet of the wave can be considered
flat topped.1 Hence, the initial loading on the struc-
tures may be studied using shock-tube experiments
(c.f. ref.2). Bleakney et.al.2 conducted a variety of
shock-tube experiments to provide a large amount of
basic data on blast-loading for future analyses by oth-
ers. However, unfortunately, no significant follow-up
investigation of this problem has been published.
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Fig. 1 Pressure/distance variation a few seconds
after the explosion of a hydrogen bomb.1

Although shock-tube experiments are not too ex-
pensive to perform, scientists are now becoming more
and more inclined towards doing numerical experi-
ments. A numerical experiment is a simulation of
the actual experiment using a computer. This inclina-
tion is partly because of the rapid growth in computer
speed and partly because of the ease in performing
these numerical experiments. In fact, the computer
simulations in most cases are cheaper than the ac-
tual experiments. The authors are motivated by the
same reasons to use a computer as a tool to solve
the blast-impact problem. The solution to this prob-
lem requires a coupling between fluid dynamics and
structural dynamics. In this paper, we neglect the
coupling and assume that the solid body does not de-
form or move because of the impact. Hence, we are
solving a simplified problem which lies completely in
the fluid dynamics domain. Our ultimate goal, how-
ever, is to develop a simulation approach that includes
deformable structures.

A hierarchy of mathematical models are available
to solve fluid dynamics problems. These models have
varying degrees of approximation and can be broadly
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