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1 Introduction

Shock and blast waves propagation in complex media is
one of the most important topics of current shock wave
research. In the past, most of the shock wave researches
dealt with shock phenomena in relatively simple configu-
rations and fluid flow conditions. However, accounting for
modern developments of shock research and its evolution
into interdisciplinary applications, there is a need to study
wave phenomena in complex environments such as those
consisting of complex constituents. Furthermore, the predic-
tion of damage caused by blast waves, generated by large-
scale explosions (see Figs. 1 and 2), either from terrorist
attacks or industrial hazards has been a research problem that
needs further understanding from disaster prevention point
of view. These important issues have two common features:
(1) understand the complex flow field induced by blast and
shock waves that pass through complex media and (2) help
designing new devices for protection against blast loading.

While preparing this thematic issue, we have been deeply saddened by
the death of our colleague and friend Dr. Alexander (Alex) Britan, from
Ben-Gurion University of the Negev (Israel), who passed away couple
of months before the publication of the current issue. Given the degree
of his implication in this work, and the importance of his contribution
to the field of blast mitigation and filtration, we wish to dedicate this
issue to his memory.

A. Hadjadj (B)
National Institute of Applied Sciences INSA of Rouen CORIA
UMR 6614 CNRS, 8 Avenue de l’Université Saint Etienne du
Rouvray, Rouen 76800, France
e-mail: hadjadj@coria.fr

O. Sadot
Shock Tube Laboratory, Mechanical Engineering Department,
Ben-Gurion University of the Negev, Beer-Sheva, Israel
e-mail: sorens@bgu.ac.il

Usually, experimental investigations on the response of
structures to shock and blast waves are performed in full-
scale field tests. Although these experiments are limited in
their number due to their high-cost and low-repeatability,
they are very useful as they provide real information on the
peak pressure and impulse values and the associated non-
linear effects that steepen the waveform, decreasing thereby
the shock rise time. The analysis of large-scale explosively
generated shock waves may also aid the engineer in quickly
assessing air-blasts propagation and their interaction with the
surrounding environment (air, dust, granular, liquid or porous
media).

Interms of blast mitigation, different type of protective
layers can absorb energy either by plastic deformation or by
buckling. For instance, the response of metallic foams to high
stress rate has received increased interest due to their high-
energy absorption capabilities during their deformation. It is
believed that the high energy absorbing capabilities that char-
acterize these materials will enable engineers to use metallic
foams as protective layers against explosion-induced blast
waves. Aluminium foams are an effective example of those
materials. Different types of absorbing-energy materials exist
as well, e.g. aqueous foams, where different experiments are
conducted to investigate the mechanical and thermodynamic
processes involved in the interaction. In the case of aqueous
foams (see Fig. 3), existing information on the foam collapse
as well as heating and evaporating the liquid phase behind
the blast wave is rather restricted. To analyze the strong heat
transfer at the blast/foam interface within the fireball and/or
behind the expansion fan containing the blast products, more
comprehensive studies are required. Also, the role of the fluc-
tuations of the thermodynamic quantities in the post shock
wave flow in foam is a challenging problem from the theoret-
ical point of view. Since the pressure dilatation correlation is
very sensitive to the increased level of pressure fluctuations,
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Fig. 1 Large-scale explosion

Fig. 2 Structure damage caused by blast threats

Fig. 3 Interaction of blast wave with aqueous foam. Courtesy of
A. Chinnayya, University of Rouen, France

the associated compressibility effects are very complex to
analyze.

For more fundamental studies, small-scale experiments
have been conducted in laboratory facilities such as shock
tubes or equivalent systems. The flexibility of the laboratory
experiments can be explored to better understand the govern-
ing physical processes by testing experimental setups with
gradually increased complex geometries. For this purpose,

Fig. 4 Shock wave interaction with solid obstacles

Fig. 5 Numerical schlieren picture showing the post-shock flow oscil-
lations due to vortex shedding and baroclinic instabilities downstream
of the obstacles. Courtesy of Chaudhuri et al. [39]

the rate of shock attenuation has been intensively studied
numerically and experimentally using different geometrical
means, such as perforated screens, grids, orifice plates, or
rigid obstacles. An example of a shock wave interacting with
triangular and cylindrical matrices of obstacles is shown in
Figs. 4 and 5.

In spite of many studies on the subject [1–30], the mecha-
nisms of shock propagation in such complex media still need
further research.

2 Thematic issue on SBWM

The thematic issue on shock and blast waves mitigation
(SBWM) focuses on the integration of physical analysis,
modeling, and experiments for the study of blast waves
interactions with inhomogeneous flows, and helps to pro-
vide a basis for future work in this area. This issue includes
seven original or review papers from specialists in the various
aspects of SBWM (physical description, advanced measure-
ments, and numerical simulations). Roughly half of the con-
tributions are experimental investigations, and the other half
is dedicated to numerical simulations. It is should be men-
tioned that all manuscripts have been strictly peer-reviewed
according to the Shock Waves Journal procedure and policy
(with at least two- or three- anonymous reviewers for each
paper).
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In the framework of these studies, several experimen-
tal techniques have been used with different flow config-
urations (polymer, dry or aqueous foams) to elucidate the
phenomenon of shock attenuation. For example, Petel et
al. [31] undertook a series of experimental investigations
of blast/shock wave mitigation through polymer (open and
closed-cell) foams. The focus of the paper is the precursor
wave during dynamic compaction of cellular materials. The
investigation highlights the different approaches that have
been adopted in previous investigations, and increases the
understanding of the mechanics/physics of dynamic com-
paction of foams. This includes the difference between foams
and monolithic elastic-plastic materials in terms of wave
propagation and attenuation. In Britan et al. [32], an exper-
imental study of shock wave impact on an aqueous foam
column was conducted in shock tube tests. Useful results
were obtained in identifying the effect of wave acceleration
and on the effect of liquid fraction as well as on the wave
thickness. Interesting conclusions were drawn on the influ-
ence of the contact between the foam layer adjacent to the
wall and the sensing element of the transducer. In addition,
Britan et al. [33] presented a review paper in which they
summarized the essential features of aqueous-foam barriers
against blast waves impact encountered in both shock-tube
experiments and full-scale field tests. The modeling aspect of
blast/shock waves mitigation was also discussed. The paper
presented by Del-Prete et al. [34] describes experimental and
numerical investigations on the mitigation of blast waves
using dry aqueous foams. Different tests were conducted
in sub- and full-scale configurations using three different
masses of explosive. To support their experiments, a mul-
tiphase approach was used to model the aqueous foam and
its interaction with a blast wave issued from the explosion.
Comparison of the results shows a good correlation between
the experimental and computational results.

From a computational and modeling point of view, the
paper presented by ElBaz et al. [35] is concerned with a
computational study of shock propagation in heterogeneous
media. The media were considered as a wetted foam and
modeled as a regular staggered row of lattice parallel fibers
immersed in a fluid having a strong density contrast. It was
found that the shock speed is enhanced in comparison to
its equivalent speed in a homogeneous medium. The study
also showed the importance of accounting for the turbulent
kinetic energy when modeling the post-shock instabilities.
Al-Qananwah et al. [36] reported numerical results of shock
propagation and interaction with structured porous mater-
ial at the nano-scale level. The computations use molecular
dynamics (MD) simulations. Similar approach has been used
previously by Sen and Sinkovits [37,38] for the shock wave
and sound wave mitigation in granular columns.

Finally, Chaudhuri et al. [39] used an advanced Navier-
Stokes code with a large-eddy simulation technique based

on an immersed boundary method to discuss the somewhat
geometrical effect of different solid obstacles and matrices
arrangement in shock attenuation. In addition, it was shown
that the two-dimensional flow induced by the shock wave
is rapidly converted into three-dimensional turbulent flow.
Following this scenario, the energy can be transferred from
direct kinetic mode to rotational (baroclinic) energy and then
dissipated into molecular effects.
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