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Abstract: Burglary resistance expresses the time required to overcome the barriers to cause the
damage in order to unlawfully enter a place for the purposes of stealing property or committing
a felony (i.e., disruption of important assets, e.g., critical infrastructure). Damage to the object
protection system means damage to the symmetry of the system—the balance between protection
measures and security threats. Barriers are considered to be the walls of buildings or secure storage
units (safe, safe, etc.), i.e., passive barriers that separate asset (protected value) from the security
threat. The role of barriers in the security system is also to slow down the attack and create a time
reserve for the intervention of a security service. There is no uniform approach to express the burglary
resistance of such barriers using explosives; however, burglary by explosion are present. Explosives
in the article are a tool that can be used by the offenders. The article uses mainly Delphi method and
Saaty method. These methods have made it possible to identify and expertly evaluate scenarios for
the use of explosives to break a barrier. Logical methods and interviews were also used. The result of
the article is the identification and evaluation of the possibilities of using explosives to overcome
barriers and expressing the blast burglary resistance of barriers. The universal assessment approach
allows the inclusion of explosives to the burglary resistance protection system assessment schemes.

Keywords: burglary resistance; assets protection system; explosives; blast load

1. Introduction

Security is one of the basic human needs, on the second place in the famous Maslow
pyramid of needs [1]. Undoubtedly, this is due to the need to protect life in prehistory
and as well as the property of people nowadays. While in the past, people used primary
mechanical barriers for their protection, over time they found that for an effective level
of security, mechanical barriers that provide passive protection must be supplement by
the active ingredient, as alarm systems or the human factor in the form of a guard [2–4].
Thanks to their properties and significance, mechanical barriers have found their stable
place in the field of security of the building, despite the digitization and modernization of
the active components of the protection system.

Mechanical barriers can be defined on the basis of their two basic properties, the
deterrence or deceleration of the intruder. Deterrence can be understood as a purposeful
activity in which a robust mechanical barrier acts—the fence has a repulsive character
and the intruder reconsiders the attempt to overcome it. It is therefore the psychological
influence of the owner. The second essential feature is the slowing down of the intruders
for as long as possible so that the active components of the assets protection can detect
them and prevent them from entering in the assets, or stealing the protected interest [5–7].
The basic component or parameter defining the deceleration is so called burglary resistance.
Burglary resistance is one of the basic properties of mechanical barriers, the time required
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to overcome a barrier, to destruct it or to perforate a hole with the minimum defined
dimensions. The burglary resistance can be calculated using the basic formula

∆t = t2 − t1 (1)

where:

∆t—needed for breaking the mechanical burglar resistant barrier,
t2—time of breaking the mechanical burglar resistant,
t1—time of the starting of breaking the mechanical barrier.

The burglary resistance is also directly linked to the certification of mechanical bar-
riers, where the certification authority attempts to create a breakthrough opening using
predefined destructive means, linked to the security class, which the mechanical barrier
should be certified for. The whole process is linked to a set of technical standards marked
as EN 1627-30, while in these standards the procedure for the dynamic and static part of
the test is gradually developed [8–11]. The opening is precisely defined in [11] and it must
be possible to place one of the three basic templates in the shape of a rectangle, ellipse, or
circle. In addition to the term of opening in technical standards dealing with the issue, we
can also meet the term partial opening, which is bound only for secure storage units and its
meaning is described in more detail in technical standard EN 1143-1, but due to the focus
of the paper we will not devote attention to it.

According to [11], destructive tools are divided into six sets, established in accordance
with the endurance class of mechanical barriers used in building protection, except for
secure storage units. The first three groups are primarily powered by human energy and
are mostly pliers, screwdrivers, saws, and other small tools. In the fourth set of tools, only
a cordless drill is available, and only in the fifth and sixth set are the electrically driven
destructive means available.

It is questionable to what extent the division is sufficient, based on several studies
conducted at FSI UNIZA [12] or FAI TBU [13], because it is highly probable that the
intruder will not use only the means prescribed by the standard, and therefore it would
be appropriate to carry out, in addition to the standard certification test, real tests using
various destructive means. Given the current global situation, it would be appropriate
that the destructive tools could be appropriately added to the given groups, or the exact
dimensions and weights of the destructive tools could be canceled from the groups.

However, as is obvious from real cases, one of the possibilities is, for example, the use
of improvised explosive devices, to support interagency criminal cases. Between March
2018 and February 2019 in Manchester areas, a series of cash machine explosion burglaries
were committed [14]. American U.S. Bomb Data Center (USBDC) collects information and
intelligence about the investigation of bombings, arson, and the criminal use of explosives
and states that 261 criminal cases were supported by USBDC nationwide in 2019 [15].

In the case of using explosives, the damage caused by the attempt to overcome could
be much higher as well as the impact on the value of the property. It is therefore necessary to
think about such a possibility in the project phase of security design of the assets, especially
in the case of assets of specific importance [16,17].

2. Materials and Methods

The basis for the elaboration of the paper was several scientific and professional
publications from 1973 to the present. The initial knowledge also includes the basics of
the explosion and its effects described by Henrych (1973) as well as technical standards
focused on the burglar resistance of mechanical barriers.

The Delphi method [18] and the Saaty method [19,20] were used as a priority in solving
the problem in the identification of scenarios using the explosive charge to overcome the
protection system as well as in the assignment of weights for individual scenarios. The
group of experts met online, which made it possible to know the opinions of all experts
in real time. A total of 25 members were part of the group of experts. The professional
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focus of the members of this group was in the field of risk management, object protection,
burglar resistance of mechanical barriers, pyrotechnics in the civil and military sectors, and
from the area protection against the effects of explosions. The Delphi method took two
rounds to identify possible scenarios for overcoming elements of the building protection
system. In the case of assigning weights to individual scenarios in the Saaty method, it
took place in three rounds. After each round, the opinions were processed and submitted
to the experts for free discussion. The anonymity of the individual opinions was ensured
during the meeting. Finally, the members of the management team (authors of the paper)
summarized the results and familiarized the group of experts.

This method of implementation was proved to be efficient and flexible. Communica-
tion with individuals was dynamic and managed without any problems.

Saaty pairwise comparison method [19,20] was used to assign weights to individual
scenarios. The scenarios were evaluated by a group of experts in terms of the applicability
of the scenario and the time of its implementation. Attack time as an evaluation criterion
for scenarios was selected as a necessary component of the burglary resistance evaluation
process. The evaluation of the scenarios with regard to their applicability included a general
expert assessment of the workability of the charges as well as the possibility of obtaining or
constructing the charge. The assessment of the effectiveness of explosives against specific
elements, like the case study, has not been examined.

The methodology for determining the weights was in accordance with the rules for
using the Saaty method. The validity of the weights was verified by consistency ratio [19].
After assigning weights to individual scenarios, the geometric mean was determined and
then the resulting weights of individual scenarios were calculated:

vi = Gi/(∑(i = 1)ˆn * Gi) (2)

where:

vi weight of scenario,
Gi geometrical average.

Taking into account the general approach to the expression of burglar resistance, based
on the time required to create a breakthrough opening using the selected tool, the rate of
burglar resistance using explosives can be expressed by the coefficient of the total weight
of the scenario:

KS = VA * VT * 100 (3)

where:

- KS coefficient of the total weight of the scenario,
- VA weight of application of scenario—determined by the Saaty method,
- VT weight of the time of scenario realization—determined by the Saaty method.

For the relationship between the scenario coefficient and the breakthrough resistance,
the rule applies that the higher the scenario coefficient, the lower the breakthrough resis-
tance of the barrier. The following criteria for the general evaluation of the rate of burglar
resistance can be used:

- rate of burglar resistance is very high for KS < 0; 0.3),
- rate of burglar resistance is high for KS < 0.3; 0.5),
- rate of burglar resistance is medium for KS < 0.5; 1),
- rate of burglar resistance is low for KS < 1; ∞).

The effect of the explosion on assets near the explosion source is a complex prob-
lem and previous research can be found in [21–24]. Burglar resistance to attack using
explosives includes:

• Type of perpetrator, their motivations, knowledge, abilities, and skills.
• The characteristics of the environment are important for the reflection of the pressure

wave during an explosion.
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• Type of charge, its design affects the direction of pressure propagation during an
explosion and its intensity.

• The mutual arrangement of the charge and of the material / element to be overcome
speaks of the position of the charge relative to the destroyed element.

2.1. Type of Perpetrator, Their Motivations, Knowledge, Abilities and Skills

Preparation is necessary to overcome the elements of the protection system using ex-
plosives. For this reason, it can be ruled out that the act would be committed by a random
perpetrator, or by an offender using only the basic (normal) range of tools [25–28]. Prerequisite
for the use of explosives to overcome the object protection system is knowledge of the
environment, i.e., knowledge of the disposition of the protected assets and the elements of
the protection system. It is necessary to be able to use both a complete range of basic and
special tools and equipment, as well as the possibility of using tools and equipment that
can be described as non-standard.

The motivation of the offender may be profit for personal use or for a third party [27,28].
However, the motif can also be personal, e.g., revenge. The essence of the attack is always
to create a way to gain a protected interest. In this use of explosives, we do not consider
perpetrators whose aim is to destroy an assets using explosion, or to irreversibly damage
it or kill people. Despite what is described above, such use of explosives cannot be ruled
out in terrorist attacks, especially on elements of critical infrastructure and objects of
special importance [29–31].

This type of attackers are therefore highly professional, which is reflected not only in
the fact that they are able to use explosives, but also in the way to use it. Influence of the
type of offender factor influencing the process of assessing the breakthrough resistance will
be included in the choice of the type of charge and the method of its location.

2.2. The Characteristics of the Environment Are Important for the Reflection of the Pressure Wave
during an Explosion

The general effects of the explosion on the surroundings and the impact of the explo-
sion on buildings and people were addressed in their activities by [32–35]. In relation to
the assessment of burglary resistance, it is necessary to perceive the characteristics of the
environment due to the increment of pressure due to the reflection of the pressure wave
(Figure 1) and subsequent undesired damage to other objects, but also due to the possibility
of detecting the perpetrator.
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The blast wave propagation was in detail analyzed in our previous research in [37].
The characteristics of the environment is a factor whose influence in the process of evalua-
tion of the burglary resistance will be included in the choice of the type of charge and the
method of its location. The perpetrator must therefore know the impact of the explosion
on the surroundings and to plan the use of the charge in relation to the surroundings of the
explosion site.

2.3. Type of Charge, Its Design Affects the Direction of Pressure Propagation during an Explosion
and Its Intensity

The charges are categorized as concentrated charges, which represent the simplest
type of charge in terms of construction. This type of charge is typical of its spherical
or cube shape, i.e., a shape in which all dimensions are approximately the same. The
explosion of the concentric charge is terminated on the entire surface of the charge at the
same time and the energy is propagated in all directions equally. Linear charges, the shape
of which is characterized by the fact that one dimension (length) significantly exceeds
the other two dimensions (height and width). The height of the linear charge must not
exceed its width. These charges generally have the shape of a cylinder of the desired
length. The advantage is the even distribution of the explosive along the entire length of
the destroyed element. The disadvantage of linear charges is the lower rate of utilization
of the explosive energy of the used explosive. Various test were conducted previously to
study the influence of charge shape on its effects (Figure 2). Figure 2 shows the different
shapes of concentrated charges that were tested to investigate the effect of the shape of the
charge on blast wave propagation [38–40]. During the tests, military explosives, industrial
explosives, and home-made ANFO explosives were examined. The tests were carried out
in an open area, therefore, the effect on objects around the site of the explosion has not
been subject to research.
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Figure 2. Different type of explosive charge from the experimental study: (a) RDX cylinder, (b) ANFO,
(c) ammonium nitrate, (d) RDX sphere.

Concentrated and linear charges are equivalent in terms of their application to over-
come the protection system [41,42].

Shaped charges are charges using the cavity effect of explosives [34]. A shaped charge
is a charge with a hollow center, e.g., cone-shaped, which can be covered with a thin layer
of metal—a cumulative insert. By their effects, the explosion acts perpendicular to the
surface of the depression and, together with the molten metal, forms a shaped jet. This is
characterized by high speed and penetration [36]. The effect of the shaped charge is thus
many times higher in one direction than in the other.

At the point of contact of the front of the shaped jet and the material to be destroyed,
dynamic pressures are generated that substantially exceed the strength of the material. A
shaped charge is a charge with a cone-shaped cavity, which can be covered with a thin
layer of metal. The effect of the explosion is perpendicular to the surface of the cavity.
The explosion with its effects, together with its molten metal, creates a shaped beam.
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This is characterized by high speed and strong penetration. The shaped beam is formed
depending on the distance from the charge. The smallest profile and the largest density
and velocity reached in the focus, at a distance f from the charge (Figure 5a). From this
point, the shaped beam diverges, its profile increases, its density and velocity decrease [36].
In summary, the breakthrough effect of a shaped charge can be expressed as a function of
the properties of the explosive, the shaped insert, and the shape of the explosive charge,
the size, shape, and location of the charge, the properties of the package, and the properties
of the target material.

Of the above-described types of charges, shaped charges are the most effective due to
their ability to generate jet. The construction of the shaped charge [42] is not so demanding
that a professional attacker cannot make it at home. However, there are restrictive condi-
tions. The most important of these is that the explosives in the shaped charge are those
whose detonation velocity is greater than 6000 m/s. In the case of explosives with a lower
detonation rate, there would be no accumulation, resp. to create a shaped jet, but the effect
of the explosion would be only directed. In the case of overcoming the protection system
with explosives, the use of concentrated and linear charges cannot be ruled out. These are
easier to make and place lower demands on the used explosive type. When concentrated
and linear charges explode, the pressure spreads in all directions, so their efficiency can be
increased by sealing and/or placing them in an opening.

2.4. The Mutual Arrangement of the Charge and of the Material/Element to Be Overcome Speaks of
the Position of the Charge Relative to the Destroyed Element

The location of the charge near the object can be assumed in the case of objects with
a high degree of security and perimeter monitoring. However, the charge would have
to contain an amount of explosive corresponding to the distance between the site of the
explosion and the element being destroyed [41,42]. Pressure wave generated in explosion
would damage objects/elements around the source of explosion [43]. Such an attack would
be ostentatious and unlikely given the possible extent of the damage.

Attaching the charge to the object. The charge can be placed at the element, either on
the ground or above the ground, and the height of the charge has an effect on the reflection
of pressure during the explosion [36] This type of attack assumes that the attacker has a
sufficient amount of explosives. Enclosed charges are concentrated charges where the basic
shape is a sphere or cube. Typically, all dimensions are approximately the same. These
charges are not inserted in the destroyed material in any way. In the case of enclosed
charges, the radius of effectiveness of the explosion must be equal to the thickness of the
destroyed element (Figure 3), and at the same time the properties of the destroyed element
must be taken into account.
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In the of case of breaking of durable elements, e.g., thick concrete and reinforced
concrete walls, could generate a pressure of more than 150 kPa at a distance of 2 m from
the site of the explosion. This pressure would cause a large extent of damage and death of
persons [41,44] (Figure 4).
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Figure 4. Pressure generated at the distance of 2 m from the explosion site when breaking of
durable elements.

The enclosed charge can be sealed and thus partially direct the effect of the explosion.
Even using the sealing of the charge, such use of explosives would again be ostentatious
and endanger objects and people in the vicinity.

The charge can be placed in the destroyed element, respectively, in the opening created
by attacker or in natural opening of the element.

A charge placed in an opening created by the attacker. Placing the charge into the hole
created by the perpetrator in the building requires preparation—the creation of the hole
and thus the use of other tools, respectively, complete toolkits. This preparation can attract
unwanted attention to the perpetrator’s actions and also affects the time taken to overcome
the security feature. The opening formed can be sealed to resist and prevent the escape
of explosive fumes, thus reducing the efficiency requirements of the explosive used in the
charge. By creating the hole, the thickness of the destroyed element is reduced and thus
the requirement for the radius of the explosion efficiency is reduced.

A charge can be placed in a hole that is as a natural part of the element, e.g., ventilation.
It is an attack that uses the geometric shape, construction, and natural properties of the
destroyed element. During its implementation, it is not necessary to prepare a hole and the
charge placed in this way can be sealed and thus increase its effectiveness. The origin of
the hole is important due to the duration of the attack, because the duration of the attack is
part of the assessment of burglary resistance. From the point of view of the effectiveness
of the explosion, it depends on the depth of the hole or its sealing, and not on its origin.
The deeper the hole, the lower the workload requirements of the charge. From the point of
view of the assessment of burglary resistance, the use of naturally occurring holes is more
effective (for the attacker). In addition to the origin of the charge location, the depth of the
charge placement is also important in assessing attack scenarios. Deeper placement of the
charge reduces the demands on the amount of explosive, as it reduces the thickness of the
destroyed material and helps to direct the pressure effect of the explosion. The charge can



Symmetry 2021, 13, 1740 8 of 12

be placed below the surface of the element, at a depth of 1/3 of the element thickness or at
a depth of 1/2 of the element thickness.

In the case of shaped charges (Figure 5a), four situations are relevant (Figure 5b).
Situations 1 and 2 in Figure 5b illustrate the use of a shaped charge design without a
cumulative insert. In this case, we are talking about a directed charge, not a shaped charge.
Situations 3 and 4 show the effectiveness of shaped charges with a cumulative insert and
an explosive whose detonation velocity is higher than 6000 m/s.
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3. Results

Based on the types of charges and possible ways of their use in overcoming the
protection system, we identified ten basic scenarios, as shown in Table 1.

Table 1. Scenarios of using explosives to overcome protection system.

Scenario N◦ Scenario Note

S1 Near charge
S2 Attached charge
S3 Attached charge sealed
S4 Charge placed in hole The charge deposition depth

was neglected in the
assessment due to the same
applicability of the scenario.

S5 Sealed charge placed in hole
S6 Charge placed in natural cavity
S7 Sealed charge placed in natural cavity
S8 Directed charge
S9 Shaped charge

S10 Shaped charge in standoff distance

The identified scenarios were assessed by Saaty method from the point of view of the
general applicability of the scenario (Table 2) and the general evaluation of the time of its
implementation (Table 3).

The weights of the VA and VT scenarios include an expert evaluation of the time of
the attack and an expert evaluation of the applicability of the scenario. The degree of
breakthrough resistance (Table 4) is determined by calculation according to Equation (3).



Symmetry 2021, 13, 1740 9 of 12

Table 2. Scenarios assessed by Saaty method from the point of view of the general applicability of the scenario.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Geometric
Average

Weight
VA

S1 1 1/4 1/4 1/7 1/7 1/7 1/7 1/7 1/8 1/9 0.19 0.01
S2 4 1 1/3 1/6 1/6 1/7 1/6 1/6 1/8 1/9 0.27 0.015
S3 4 3 1 1/6 1/6 1/5 1/6 1/6 1/8 1/9 0.35 0.019
S4 7 6 6 1 1/5 1/2 1/3 1/5 1/8 1/9 0.69 0.037
S5 7 6 6 5 1 5 4 1/4 1/8 1/9 1.56 0.085
S6 7 5 5 2 1/5 1 1/5 1/4 1/8 1/9 0.74 0.04
S7 7 6 6 3 1/4 5 1 1/3 1/8 1/9 1.16 0.063
S8 7 6 6 5 4 4 3 1 1/8 1/9 1.96 0.107
S9 8 8 8 8 8 8 8 8 1 1/9 4.24 0.231
S10 9 9 9 9 9 9 9 9 9 1 7.22 0.393

SUM 18.38 1

Note: Scenario weight in pairwise comparison: from 1—equal importance to 9—extreme importance.

Table 3. Assessment by Saaty method from the point of the period of scenario realization.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Geometric
Average

Weight
VT

S1 1 3 4 8 9 3 4 3 3 3 3.51 0.234
S2 1/3 1 3 8 9 2 4 3 3 3 2.63 0.175
S3 1/4 1/3 1 7 6 2 4 3 3 3 1.94 0.130
S4 1/8 1/8 1/7 1 2 1/7 1/6 8 8 8 0.75 0.050
S5 1/9 1/9 1/6 1/2 1 1/7 1/6 9 9 9 0.67 0.045
S6 1/3 1/2 1/2 7 7 1 2 2 2 2 1.52 0.101
S7 1/4 1/4 1/4 6 6 1/2 1 1 1 1 0.88 0.059
S8 1/3 1/3 1/3 8 9 1/2 1 1 1 1 1.03 0.069
S9 1/3 1/3 1/3 8 9 1/2 1 1 1 1 1.03 0.069

S10 1/3 1/3 1/3 8 9 1/2 1 1 1 1 1.03 0.069

SUM 14.97 1

Note: Scenario weight in pairwise comparison: from 1—equal importance to 9—extreme importance.

Table 4. Representation of the rate of burglar resistance of protection system depending on the scenarios.

Scenario N◦ Scenario Ks Rate of Burglar Resistance

S1 Near charge 0.24 Very high
S2 Attached charge 0.26 Very high
S3 Attached charge sealed 0.25 Very high
S4 Charge placed in hole 0.19 Very high
S5 Sealed charge placed in hole 0.38 High
S6 Charge placed in natural cavity 0.41 High
S7 Sealed charge placed in natural cavity 0.37 High
S8 Directed charge 0.73 Medium
S9 Shaped charge 1.58 Low

S10 Shaped charge in standoff distance 2.70 Low

4. Discussion

The identified weights of the basic scenarios with the use of explosives to overcome
the protection system are in accordance with the expected result. The position of the
scenario “Charge placed in created hole” has a surprising effect. After closer examination
of the results, we concluded that the scenario ended with the lowest weight due to the low
probability of such an attack. This is because it is difficult to assume that a professional
attackers would have a charge prepared and a set of tools for making a hole, would have
enough time and the situation would allow them to place the charge in the prepared hole,
and they would not seal the charge in the end. This finding also points to the fact that the
members of the expert group, assigning weights to individual scenarios in terms of their
applicability, also took into account the probability that the attack would be carried out in
this way.
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The assessment of the degree of burglar resistance is a general qualitative expression.
This general model can be adapted to a specific situation by taking into account situational
factors. Situational factors are related to the type of protected object (importance for the
operation of the state, society) and its security situation (method of control of the protected
area, movement of people in the vicinity, built-up area, type of element to be overcome).
Time is an important factor in evaluating burglar resistance and is important to answer
the questions:

1. Will the attacker set up the charge on site or can he have it prepared in advance?
2. Does the situation allow for opening a hole for the charge placement? How fast can

the attacker prepare the hole? What tools can he use?
3. How quickly can the attacker place and seal the charge?
4. At what distance from the place of attack is the space to hide the attacker?

The question of the time needed to implement the scenario opens up space for further
research into the field of burglar resistance of the elements of the protection system.

5. Conclusions

The assessment of the degree of burglar resistance is a general qualitative expression,
which is based on the experience of experts. The group of experts who cooperated in the
evaluation was set up to cover the areas of risk management, security of assets, pyrotechnics,
and burglar resistance.

The evaluation of the level of burglar resistance expressed in this way takes into ac-
count only optional factors of attacks and the situational side is neglected here. Evaluating
the burglar resistance of a particular element, it is necessary to evaluate the feasibility of
scenarios in relation to the type of protected assets and the time factor.

Scenarios sorted by weight from the highest weight of the scenario (lowest level of
burglar resistance) to the lowest weight (highest level burglar resistance) are given in Table 5.

Table 5. Attack scenarios sorted according to the level of burglar resistance.

Scenario N◦ Scenario Rate of Burglar
Resistance

S10 Shaped charge in standoff distance Low
S9 Shaped charge Low
S8 Directed charge Medium
S6 Sealed charge placed in the natural cavity High
S5 Sealed charge placed in hole High
S7 Sealed charge placed in the natural cavity High
S2 Enclosed charge Very high
S3 Enclosed charge sealed Very high
S1 Near charge Very high
S4 Charge placed in hole Very high

The implementation of the general model of burglar resistance assessment in the
schemes of asset security assessment and design of protection systems allows to work
with scenarios that include explosives among the tools that can overcome the protection
system. Because technical standards do not calculate with this type of attack, it is a separate
category of non-standard attacks.

The probability of such an attack increases with the value of the protected interest and
with the possibility of home-made production of explosives. An attack can be expected es-
pecially in the case of critical infrastructure and other important objects for the functioning
of the state or functioning of a company. Together with the possibility of home-made pro-
duction of explosives and the construction of the charge, their use to overcome the system
of protection of the object cannot be ruled out, even for less significant assets. However, it
can be assumed that the method of carrying out the attack would be less sophisticated.
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spoločnost’ pre trhacie a vŕtacie práce: Banská Bystrica, Slovakia, 2014; p. 334. ISBN 9788097026585.
43. Ivanco, M.; Trajkovsky, J.; Figuli, L.; Erdélyiová, R. Determination of blast resistance of selected structural elements. In

Proceedings of the Conference on Dynamics of Civil Engineering and Transport Structures and Wind Engineering, Donovaly,
Slovak, 25–29 May 2020; p. 313. [CrossRef]
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