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Abstract.  Breaching  in  light  obstacles  consists  in  making  openings  in  the
non-structural elements of a building with the view to enabling quick
access in emergency cases. The light barriers under scrutiny throughout the
current paper stand for walls of brick or concrete masonry units, reinforced
concrete walls with thicknesses up to 12.5 cm and metal doors. To create
breaches, two different kinds of special explosive devices were used,
according to the obstacle: cutting and pushing charges. The subject is
looked into from two complementary perspectives, that is,  the first
approach regards the technical solutions of breaching in light obstacles,
whereas the latter is concerned with the protection of the emergency team
and people to be rescued. The paper under consideration addresses the
overall findings of the experimental research regarding breaching in light
obstacles based on the above-mentioned perspectives.

Key words: breaching, demolition, military engineering, cutting charge,
pushing charge.

1. Introduction
There are emergency situations the
solution of which involves quick access
through the walls of buildings,

windows or  doors.  In  most  cases  this  is
not possible using mechanical means,
even if there are special devices for
breaking doors, windows or other
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heterogeneous elements of structures.
Thus, special explosive devices are
needed, in a very short time, which can
help to save lives or fulfill the mission
of the rescue team.

Among various types of special
interventions which might use special
explosive devices for breaching, the
following can be mentioned:

the intervention of the civil protection
detachments in situations of disaster,
to rescue some people trapped in
buildings having the entrance blocked
or covered;
the intervention of firefighters to
ensure quick access to potential
victims or to extinguish the fire;
the counterterrorist intervention to
capture or annihilate the terrorists who
occupied a building.

Such a special device is composed of one
or more explosive charges, an initiation
device, a driven mass and a fastening
system. After the detonation of the
explosive charge a significant amount of
energy  results  and  based  on  it  a
mechanical work is performed both to
break the cast where the explosive is
placed and to propel fragments and jets,
with applications in military and civilian
domain. The analysis of the scarce data in
the literature resulted in three main types
of explosive charges which can be used
for breaching as follows:

cutting charges;
pushing / fluid impulse charges;
blast charges.

The method or technique chosen for
breaching depends on the constructive
particularities of the obstacle, the type of
tactical situation, the available time and
the level of protection to be provided for
the designated staff, respectively for the
building itself and other surrounding

elements. Irrespective of the openings
type  or  size,  it  is  mandatory  to  reduce
any secondary effects of the explosive
device. In other words, the breaching
process must be safe both for the
intervention team, and for any person
who is behind the obstruction.

Although such special explosive devices
for creating breaches in the light obstacle
exist and are successfully used, there are
few papers in the literature that present
achievements in this field. Existing
papers mainly present the aspects
regarding the behavior of construction
materials under loadings produced by
explosions. Thus, in the literature there is
a wide range of papers related to the
behavior of structural elements under
contact detonation. Gebbeken and
Pietzsch, 2006 conducted a series of the
experimental tests to determine the shock
properties of concrete when an explosive
charge is detonated very close to a
concrete element. Also, Yan et al., 2015
performed a numerical investigation to
determine the damage mechanisms of RC
beam under close-in blast loading.
Moreover, Katayama and Itaha, 2007 and
Schenker et al., 2008 carried out a lot of
experimental tests to determine the
behavior of the concrete and geological
materials under the action of the
explosion. Also, others papers present the
results of experimental tests and
numerical simulations performed in
order to estimate the behavior of concrete
(Luccioni and Luege, 2006) and
reinforced concrete slabs (Xu and Lu,
2006; Wang et al., 2012) under blast loads
produced by detonation of an explosive
charge. Nystrom and Gylltoft, 2009
conducted some simulations in order to
determine the response of concrete walls
subjected to blast loading, fragment
loading and combined blast and fragment
loading.
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A small number of papers deals with the
problem of breaching, especially through
concrete or masonry walls. Thus, Nishino
et al., 2013, 2014 tried to estimate the size
of the crater formed by the detonation of
explosive charges placed inside a
concrete wall. Morishita and Tanaka,
2005 quantified the effects of multiple
detonations on some concrete slabs in an
attempt to improve the design, and
estimate the level of damage of reinforced
concrete shelters. Furthermore, Aghdamy
et al., 2013 studied the influence of using
aluminum foam as a retrofit material to
increase the resistance of the
unreinforced masonry walls against the
breaching. The behavior of the concrete
brick walls, with and without a protective
membrane, under the action of the
dynamic pressure was studied by
Mayrhofer, 2001 and Morandi et al., 2009.
Also, studies regarding the behavior of
masonry walls and structures subjected
to explosive blast loadings were carried
out by Baylot et al., 2005; Davidson et al.,
2005; Buchan and Chen, 2007; Wei and
Stewart, 2010 and Riedel et al., 2012.
Wang et al., 2009 studied the possibility of
predicting the size and the propulsion
distance for the masonry fragments
resulting from an explosion. The only
papers identified in the literature that
present research regarding breaching in
light obstacles are those of Jiang et al.,
2012, 2013 on numerical and
experimental studies related to the
creation of breaches in doors and Akers et
al., 2005 that deals with experimental and
numerical studies for breaching in
reinforced concrete walls.

The first part of the paper is devoted to
special explosive devices using cutting
and pushing explosive charges and the
obstacles  on  which  these  devices  can  be
used to perform openings. Subsequent
sections are concerned with the

experimental tests conducted to
determine the overpressure of the shock
wave in order to establish the minimum
positioning distance for the intervention
team.

2. Cutting charges
The cutting charges are those that

produce a cutting effect on the material
they are placed on by the local
concentration of the explosion products.
Virtually, any placement of an explosive
charge on a material can result in the
cutting of that particular material, but to
create breaches, a controlled effect is
required to produce an opening in the
obstacle large enough to enable the
emergency team passage by using the
smallest amount of explosive.

Since a specific area of the obstacle is
needed to be cut and removed (both for
the  walls  and  for  the  locking  system  of
the doors), only the explosive charges
that can be linearly distributed on the
contour of the breaches were considered.
Such explosive charges can be considered
linear shaped charges or those made for
detonating cord. The cutting effect can be
obtained by a simple arrangement of the
explosive on the material (detonating
cord on glass or wood), by profiling
explosive or by profiling explosive and
adding a metallic liner.

For an ordinary explosive charge the
explosion products will expand in all
directions and this expansion will
produce a rapid decreasing of the
detonation parameters. Comparatively,
for a linear shaped charge the very high
pressure generated by the detonation of
the explosive focuses the detonation
products and a part of metallic liner in
the hollow cavity along an axis
(cylindrical shaped charge) or a plane
(linear charge). This concentration forms
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and projects a high-velocity jet of metal
particles forward along an axis or a plane.
For breaching, flexible linear shaped
charges are mainly employed due to their
concentrating effect capabilities for
cutting the material they are applied on.
This type of charge is generally made up
of a flexible metal liner, surrounded with
plastic explosive.

The assembly explosive / liner is encased
within a mantle of high-density foam that
is both support and protective coating.
The support ensures the stand-off
distance that is a very important
parameter to provide an optimum

penetration into the material. Depending
on the amount of explosive per meter, the
charge can cut metallic, nonmetallic
material and also brick, wood, concrete or
reinforced concrete.

The  use  of  the  cutting  charges  is  limited
by the type of obstacle and the negative
effects (a high overpressure and
fragments resulting for the interaction of
the cumulative jet with the material of the
obstacle) they produce on the
intervention team members. Thus, the
effect  of  using a  shaped charge against  a
reinforced concrete element, Fig. 1(a) can
lead  to  the  complete  destruction  of  the
concrete elements but without cutting the
rebar, as shown in Fig. 1(b).Any increase
in the amount of explosive brings about
the complete destruction of concrete as
well  as  the  cutting  of  the  first  row  of
rebars, Fig. 1(c), but with negative effects
of large propulsion of fragments,
sometimes unacceptable. In the first case
the amount of explosive was 450 grams
per meter of shaped charge and in the
second case 1150 grams per meter and
also the charge was placed
perpendicularly to the length of the RC
element.

As for the metallic doors breaching,
(Lupoae et al., 2010), the application of a
flexible linear shaped charge around the
locking  system  (Fig.  2)  produces  the
opening  of  the  door,  but  again  the
negative effects may restrict the use of
these charges, especially in  confined
spaces where the building configuration
does not allow appropriate protection for
the intervention team. The advantages of
this type of charge are the high flexibility
and self-adhesivity, which allow a quick
and easy application on any type of
obstacle, as desired contour, minimizing
the exposure of the intervention team,
Fig. 2(b).

a) The placement of the linear flexible shaped
charge

b) The complete destruction of the concrete
without cutting the rebars

c) The complete destruction of the concrete and
cutting the rebar

Fig. 1. The employment of  the linear flexible
shaped charges for the reinforced concrete

elements destruction (Moldovan, 2002)
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In  order  to  study  the  breaching  in
metallic doors, a special test setup was
used. A metallic frame, Fig. 2(a), was
fabricated and fixed both on the concrete
floor and wall. The door was fixed in the
metallic frame just like in the door
opening by some metallic bolts. A flexible
linear shaped charge of 120 g plastic
explosive was placed, Fig. 2(b), and
detonated. The vertical and the horizontal
metallic bars, linked to the locking system
at one end and with mounting cylinders
at the second end, were deformed
enough to permit the mounting cylinders
to escape their slot, creating in this way
the breach (the door was opened). The
area of the cut surface of the front face of
the  door  (Fig.  2(c))  is  approximately  the

same with the initial area between the
explosive charge and the door frame. The
back face of the door (Fig. 2(d)) was
heavily deformed due to both the effect
of the shaped charge and the deformation
and propulsion of the metallic bars of the
locking systems.

In  order  to  use  this  type  of  explosive
change in masonry and light concrete
walls by improving the positive effects of
the flexible linear shaped charge and
reducing the fragment propulsion and
overpressure, the explosive charge is
included in a special breaching device as
illustrated  in  Fig.  3.  It  may  consist  of  a
plastic frame, an explosive charge and a
fastening system. The plastic frame acts
as a support for the explosive and a
container for the water which surrounds
the explosive. In most cases the explosive
charge is a flexible linear shaped charge

a) Types of (EWB) systems

b) Effect on the c) Effect on the light
masonry wall reinforced concrete

wall

Fig. 3. Explosive Wall Breaching (EWB) systems
and their effects on light obstacles

(Moldovan, 2002)

a) The test setup b)  The  placement  of  the
charge

c) Front face of the d) Back face of the door
door

Fig. 2. The use of the linear flexible shaped
charges for breaching in metallic doors

(Lupoae et al., 2010)
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as an increase in directional effect is
required. The water layer covering the
explosive significantly reduces the speed
of the fragments and attenuates the shock
wave, decreasing thereby the risk of
injury to the operator. The results of the
experimental tests performed with
special explosive devices presented in
Fig.  3(a)  can  be  seen  for  brick  walls,  Fig.
3(b) and light reinforced concrete, Fig.
3(c). The masonry wall had a thickness
equal to 37.5 cm, the concrete wall was 10
cm thick and was reinforced with a steel
mesh made up of bars with a diameter of
6 mm, spaced 10 cm apart.

For some systems there are two channels
for placing the explosive: the first is on
the perimeter of the device and defines
the size of the opening, and the second is
along the vertical axis. The amount of
explosive used will differ depending on
the type of operation. For thin obstacles
such as interior walls, explosive charge
will  be  placed  only  in  the  exterior
(boundary) channel. To create breaches in

thick and resistant obstacles, the central
channel should be filled with explosive
too. The role of the central charge is to
push off the area defined by the contour
charge; otherwise the opening may be
impracticable. Experimental tests have
shown the important role of the central
explosive charge. When the charge is
placed as a diagonal strip charge (Fig.
4(b)), the effect on the obstacle is greater
than in the case of the disk charge, Fig. 4
(a).

3. Pushing charges
This type of charge uses the hydraulic
effect of the water on targets like steel or
wooden doors. The most common
method of creating a pushing charge is to
introduce a quantity of explosive
(depending on the target and the desired
effect) between two layers of water and is
based on the propulsion effect of a
material placed in contact with an
explosive charge.  The results of applying
this method show that it is one of the
most used methods for breaching in
metallic doors.

For a system that operates by water jet
propelling as a result of the explosive
detonation, the following features should
be considered, Lupoae et al., 2011:

the mass, the loading density and the
type of the explosive used for
propulsion (by the detonation
characteristics);
the weight and type of projectile / jet
propelled (by the shock
characteristics);
the  ratio  of  the  mass  of  water  to  the
mass  of  explosive.  It  should provide a
sufficient propulsion velocity of the
water jets to only deform and open the
door, without cutting or destroying it;
a specific geometrical and dimensional
configuration  light  enough  to  be

a) Central disk charge (150 g of plastic explosive
and 28 g of PETN for detonating cord)

b) Diagonal strip charge (120 g of plastic
explosive and 55 g of RDX for detonating cord)

Fig. 4. The effects of two types of central
explosive charges (Moldovan, 2002)
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manipulated and fixed quickly, aimed
at providing the largest possible area
of loadings.

In the door breaching process using
explosive detonation as energy source for
the water jets propulsion, one of the most
important parameters is the propulsion
velocity. Depending on the assigned
value of the velocity, the metallic shell of
the door can be enough deformed so that
the breach would be performed, Fig. 5(a)
or cut, which cannot bring about the door
opening, Fig. 5(b).

Several  configurations  made  of  a
detonating cord placed between two
layers of water were tested. The principle

is the propulsion of the water layer
disposed between the charge and the door
under the action of explosive energy. It
was established that a water jet velocity of
approximately 60 m / sec, combined with
the placement of a Kevlar fabric on the
door area where the water will act on the
metallic face, in order to distribute the
loading, are sufficient for the deformation
of  the  door  and  its  opening,  allowing
access of the intervention personnel. This
type of charge has the advantage that the
mass of the explosive is very low (around
35 g high explosive) and the air shock
waves and propulsion of the shrapnel are
much attenuated by the water layer. The
limitations consist of a greater weight of
the device (from 5-15 kg) and the fact that
it  cannot  be  applied  to  doors  that  have
face made from materials other than
metal. In this case the water jet produces
material cutting rather than its mere
deformation. Hence, the locking system
will not be deformed enough to produce
door opening, Fig. 5(b).

4. Mitigation of the negative effects
After the detonation of the explosive
charges used for breaching in light
obstacles shockwaves and propulsion of
fragments and shrapnel will result. One
of the essential conditions for a successful
intervention on an objective is the
surprise effect. In the counterterrorist
intervention the presence of the assault
team at short distance from the breach is
crucial. Therefore, both overpressure and
fragments velocity must be known and
controlled in order to decrease the
distance between the obstacle and the
intervention team. The overpressure in
the shock wave front depends on the size
of the explosive charge and the stand-off
distance (distance between the explosive
charge and the intervention team). These
values were determined experimentally
for each type of charge. Shrapnel and

a) Deformation and opening

b) Cutting without opening

Fig. 5. The effects of two types of pushing charges
(Lupoae et al., 2010)
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fragments are due to the explosion of the
blasting cap and the interaction between
the explosion products and the obstacle
material. In order to mitigate these
effects, there different systems that use
water or Kevlar fabric were developed.

To determine the variation in time of the
blast overpressure, four piezoelectric
pressure sensors and an oscilloscope
PicoScope 3424 were used. The sensors
location is illustrated in Fig. 6. The
sensors were placed at a distance of 1 m
among them while the distances between
sensors  and  the  door  were:  1.00  m  -
sensor A, 1.41 m - sensor B, 2.23 m –
sensor C and 3.17 m - sensor D.

The values of the overpressure in front of
the shock wave and the positive phase
duration are shown in Table 1. As it can
be seen from Table 1, for the shaped
charge (120 g plastic explosive) the
overpressure at a distance of 2.2 m
(sensor C) was about 492 mbar.

By comparing this value (492 mbari) with
the  threshold  values  to  produce  injuries

on the human body (Boffard and
MacFarlane, 1993; Yang et al., 1996; Born,
2005; Wolf et al., 2009) it results that there
is a 50% probability of eardrum damage.
At  a  distance  of  3.2  m  the  pressure
decreases at about 300 mbar, below the
level to produce injuries to the head (the
limit is 350 mbar) and well below the
limit to produce the lesions in the thorax
or abdomen (over 2 bar).

Table 1. The overpressure and the positive phase
duration for different types of charges

Sensor
Side-on

overpressure,
[bar]

Positive phase
duration, [ms]

Flexible linear shaped charge, 120g plastic
explosive (Fig. 2(b))

A 1.915 0.006423
B - -
C 0.492 3.2
D 0.302 5.5

Pushing charge, 43 g plastic explosive (Fig.
5(b))

A 0.423 1.8
B 0.321 2.76
C - -
D 0.023 2.76

For the pushing charge (43 g of plastic
explosive) the overpressure at a distance
of 3 m was about 25 mbar, well below to
produce any damage on human body.

5. Conclusions
Special explosive charges can be a safe
and fast solution for breaching in light
obstacles. Among the types of loads used
for such works, this paper presented only
the results obtained by the authors for the
cutting and pushing charges.

As proven, the cutting charges
successfully apply to masonry walls, being
less effective in concrete or metallic doors.
They are not recommended for concrete
because the opening will not be fully
performed as a result of the inability of the
charge to cut all the rebars. The use of this

Senzor D

Senzor C

Senzor B

Senzor A

Fig. 6. Experimental test set up for overpressure
(Lupoae et al., 2010)
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type of charge in metallic doors will
produce the opening along with a high
overpressure and an important amount of
unacceptable metallic fragments harmful
for the intervention team members. For
breaching in masonry walls, the special
explosive devices use flexible linear
shaped  charges  as  contour  charges  and  a
diagonal strip charge in order to push off
the area cropped by the boundary charge.
In addition, this type of device used water
in order to focus the effect of explosive
charge on the obstacle, to mitigate the
propulsion of the fragments, and to
reduce the intensity of the shock wave.

The  employment  of  pushing  charges  for
breaching  in  metallic  doors  brings  a
number of advantages: small quantities of
explosives (about 35 g high explosive)
needed to open the door, small
overpressure in the shock front, no
metallic fragments produced by the
interaction of the water jets with the
metallic shell of the door and fragments
mitigation for the detonation of the
blasting  cap  by  the  water  layer  or  the
Kevlar fabric sheaths. In order to decrease
the effect of the water jet on the metallic
face, a Kevlar fabric was disposed between
the  explosive  device  and  the  door,  which
influences the deformation of the door.
The results showed that even at low speed
of the water jet, the absence of the Kevlar
fabric leads to the breaking of the metallic
shell of the door, without opening it.

The comparison of the maximum
recorded values for the overpressures
and the threshold values to produce
various injuries on the human body
showed that the intervention teams could
be placed at distances greater than 3 m
for the maximum 40 g of explosive charge
and 5 m for 130 g high explosive. These
distances have been determined
experimentally for the air blast and thus

for the internal detonation these distances
should be amended.
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