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Abstract 

 The integrity and structural safety of buildings subjected to atypical actions, such as an 

explosion, currently represent an area of extreme relevance. Today modern societies have particular 

concerns about this problem, given the increasing population density of large urban centers and the 

permanent threat to international peace and security embodied in terrorism. 

This research aims to contribute to the development of systems for the protection of reinforced 

concrete buildings by mitigating the effects caused by the impact of a shock wave from an explosion. A 

composite slab element with a sacrificial layer - energy dissipater - and its thin concrete layer is 

presented as a direct exposure protection. 

The analysis and selection of the energy-dissipating material to be applied in the core of the 

sandwich panel made use of the following materials: high plastic deformation metallic mechanisms, 

honeycomb plates (used in Aeronautical Engineering), light concrete solutions, laminated gypsum 

boards, and cork of different densities. The material with the best plastic deformation capacity, from 

those available, was selected in the quantities required for the production of the 3 cores of variable 

thickness to be applied to the slabs. 

The results obtained with this research allow us to conclude that expanded perlite represents a 

valid aggregate for the production of an impact energy dissipative core. The material property that most 

influences the absorptive capacity of energy is ductility. 
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Introduction 

Terrorism, which is so frequent in today's 

societies, provokes the most varied reactions, 

either at the theoretical level of public and 

political discussion, in the determination of 

causes, in studies and treaties, in conferences 

and alliances, and at the practical level of 

possible reparation the victims of the damages 

inflicted, the recovery of the places, the lives of 

those who remained, of the goods and 

heritages. 

The development of studies on the behavior of 

materials, structural elements, reinforcement 

systems and resilience of structures and 

buildings is therefore of great relevance and 

timeliness, in addition to meeting a need that 

has, first and foremost, greatness, the 

preservation and defense of human lives. 

Protection against explosions and shocks is 

complex, and explosion-resistant design has 

often been compromised because the loading 

condition is not perfectly defined and is 

changing dynamically. 

In addition, in some cases there are 

misunderstandings of critical factors such as the 

underlying physics of the explosion output and 

the way the load is transmitted. 

An explosion is a phenomenon of chemical 

nature, whose reaction products, the release of 

gases, at high temperature with very high 

pressure values, propagate radially through the 

surrounding atmosphere, in a short time [1]. 

Depending on the relative position of the 

explosive charge relative to ground level and 

target structure, the effects generated by 

unconfined explosions appear to be distinct, 

requiring subclassification [2], distinguished in 

free air burst explosion, air burst explosion, and 

surface burst explosion. 

 

Free Air Burst Explosion 

Blast physics concerns the processes by which 

the energy of an explosion propagates into its 

surrounding environment then interacts, loads 

and damages materials, structures, and 

systems. Understanding the complex nature of 

these blast processes is a key to devising the 

most effective blast protection technologies. 

This section describes the basic phenomena of 

the blast flow-field loading conditions important 

for the air-blast loading of structures. 

It is called free air burst explosion, to the 

explosions that occur at such a height, relative 

to ground level, that the spherical wave 

originated by the detonation reaches the 

building without aerial wave amplification [2]. Its 

geometry is outlined in Figure 1. 

 

Figure 1 – Scheme of Free Air Burst Explosion 

 
 

The characterization of the action of the 

explosion is done, in a first phase, by the 

determination of the reduced distance, Z, and 

by the application of the TNT (trinitrotoluene) 

equivalent method. 

In order to calculate the first parameter, Z, it is 

frequent to use the expression defined by 

Hopkinson-Cranz, according to equation (1). 

   

𝑍 =
𝑅

√𝑊
3  

 

(1) 

 

with: 

R – distance between the surface of the 

resistant element and the detonation center [m] 

W – explosive charge mass [kg] 

Z – reduced distance [m/kg1/3] 

 

The application of this method follows the 

formulation proposed by equation (2) [2]. 

  

𝑊𝐸 =
𝐻𝑑

𝐸𝑋𝑃

𝐻𝑑
𝐸𝑋𝑃

∙ 𝑊𝐸𝑋𝑃 

 

(2) 

 

with: 

WE – equivalent explosive mass 

WEXP – explosive mass analyzed 

HdEXP – heat of explosion analyzed 

HdEXP – TNT explosion heat 
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On top of that, the analytical parameters that 

frequently characterize the behavior of a shock 

wave are shown in Figure 2, which represents 

the variation of the overpressures as a function 

of time, along the region subject to the 

phenomenon of the explosion. These 

parameters are: shock waveform, incident or 

reflected peak pressure (Pso or Pr), duration of 

the positive phase (t0) and the specific impulse 

(is). [2] 

 

Figure 2 – Shockwave Profile 

 
 

In order to determine peak incident pressure 

(Pso), duration of positive phase (t0) and peak 

incident pulse (is), were applied the formulations 

proposed by Kinney and Graham [4], since it 

provides results close to the energy method 

applied in abacuses of UFC 3-340-02. These 

are presented by equations (1), (2) and (3). 

 

  
𝑃𝑠𝑜 =

808 ∙ [1 + (
𝑍

4,5
)

2

] ∙ 𝑃𝑎

√1 + (
𝑍

0,048
)

2

∙ √1 + (
𝑍

0,32
)

2

∙ √1 + (
𝑍

1,35
)

2

 [MPa] 
 

(3) 

 

  

𝑡0 = √𝑊
3

∙
980 ∙ [1 + (

𝑍
0,54

)
10

]

[1 + (
𝑍

0,02
)

3

] ∙ [1 + (
𝑍

0,74
)

6

] ∙ √1 + (
𝑍

6,9
)

2

  [𝑚𝑠] 

 

(4) 

 

  

𝑖𝑠
+ =

0,0067 ∙ √1 + (
𝑍

0,23
)

4

 

𝑍2 ∙ √1 + (
𝑍

1,55
)

33

 [𝑀𝑝𝑎 ∙ 𝑚𝑠] 

 

(5) 

 

The interaction of the shock wave with the 

structure that receives it depends on both the 

surface geometry and the waveform shape. To 

quantify the value of Pr, the simplified Rankine-

Hugoniot equation [5] – equation (6). 

  

𝑃𝑟 = 2 ∙ 𝑃𝑠𝑜 (
7 ∙ 𝑃𝑎 + 4 ∙ 𝑃𝑠𝑜

7 ∙ 𝑃𝑎 + 𝑃𝑠𝑜

) [𝑀𝑃𝑎] 

 

(6) 

 

Once the peak pressures (Pso and Pr) and the 

specific incident pulse (is) are determined, it is 

possible to establish a relationship between 

these three parameters, in order to estimate the 

specific reflected pulse (ir). According to Baker 

et al. (1983)[6], the specific impulse reflected 

can be estimated through the expression 

proposed by equation (7). 

  
𝑖𝑟

𝑖𝑠

≈
𝑃𝑟

𝑃𝑠𝑜  
⇒ 𝑖𝑟 ≈

𝑃𝑟

𝑃𝑠𝑜

∙ 𝑖𝑠 

 

(7) 

 

Dynamic Analysis 

The effects of an action to which a building is 

subject can be determined by assuming that the 

structures have a linear or non-linear behavior. 

To compare a static response with a dynamic 

response, we apply dynamic transformation 

factors consisting of coefficients that allow the 

transformation of the load (KL), mass (KM) and 

resistance (KR) of the structural element into an 

equivalent system of a degree of freedom [2]. 

There is also another factor that directly relates 

mass and load (KLM) according to equation (8). 

  

𝐾𝐿𝑀 =
𝐾𝑀

𝐾𝐿

 

 

(8) 

 

The improvement of the design of the structures 

and the fact that the action of the air wave has 

a very short duration leads to the mechanical 

properties of the materials being affected by two 

coefficients: Strength Increase Factors (SIF) 

and Dynamic Increase Factors (DIF). For the 

case of a bending stress, assume as DIF 1,17 

and 1,19 the steel and the concrete, 

respectively. As for the application of a factor of 

increase of resistance (SIF), it is verified 1,10 

for the steel and 1,00 for the concrete. 

When analysing the mechanisms of 

deformation and the capacity of energy 

absorption by a structure, the energetic 

methods are presented as a very useful tool. In 

the present case, the aim is the analysis of the 

deformation capacity of a structure, justified by 

the absorption of kinetic energy coming from the 

dynamic loading imposed by the shock wave. 

The energy methods are based on the Energy 

Conservation Principle, arguing that the work 

caused by an external force (Te) is equal to the 

Work generated by internal forces (Ti), 
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manifested by the deformation of the element, 

making possible the calculation of the impulsive 

response in (elastic, elasto-plastic and plastic), 

as well as the approximate analysis of the 

resulting deformation [7]. According to UFC 3-

340-02, the energetic methods allow the 

calculation of the external work caused by the 

impulse and the internal work generated by the 

structure response. These are given 

respectively by equations (9) and (10). 

 

𝑇𝑒 = 𝑇𝑖 ⟹
𝑖𝑟

2

2 ∙ 𝑚
=

𝑝𝑢 ∙ 𝑦𝑒

2
⟹ 𝑦𝑒 =

𝑖𝑟
2

𝑚 ∙ 𝑝𝑢

 
(9) 

 

𝑇𝑒 = 𝑇𝑖 ⟹
𝑖𝑟

2

2 ∙ 𝑚
= 𝑝𝑢 ∙ 𝑦𝑚 ⟹ 𝑦𝑚 =

𝑖𝑟
2

2 ∙ 𝑚 ∙ 𝑝𝑢

 
(10) 

Where ye and ym respectively represent the 

elastic and plastic deformation, pu the ultimate 

load and m the mass affected by the 

transformation factor - equation (11). 

 
𝑚 = 𝑀 ∙ 𝐾𝐿𝑀 [𝑡𝑜𝑛/𝑚2] (11) 

The quantification of the deformation of a 

reinforced concrete element in an elastic or 

plastic-elastic regime is not simple because the 

effective moment of inertia is variable along the 

section as the cracking of the element evolves. 

In addition to this difficulty, the modulus of 

elasticity of the concrete also varies with the 

increase in tension in the section. 

According to UFC 3-340-02 (2014), the moment 

of inertia of reinforced concrete elements 

subjected to the action of an explosion is given 

by equation (12), 

𝐼 =
𝐼𝑔 + 𝐼𝑐

2
 

(12) 

where Ig represents the moment of inertia of the 

concrete section in the non-cracked state and Ic 

the moment of inertia of the concrete section in 

the cracked state – equations (13) and (14). 

 

𝐼𝑔 =
ℎ3

12
 

(13) 

𝐼𝑐 = 𝐹 ∙ 𝑑3 (14) 

The coefficient F is given as a function of the 

geometric percentage of reinforcement and the 

quotient between the modulus of elasticity of the 

steel and the modulus of elasticity of the 

concrete [2]. 

The resistant moment of a section subjected to 

a dynamic load can be calculated using 

equation (15) [2] 

𝑀𝑟,𝑑𝑖𝑛 = 𝜌 ∙ 𝑓𝑦,𝑑𝑖𝑛 ∙ 𝑑2 ∙ (1 −
𝜌 ∙ 𝑓𝑦,𝑑𝑖𝑛

2 − 𝑓𝑐,𝑑𝑖𝑛

) 
(15) 

 

Sandwich Panel - Reinforcement of 

Structures against the action of the 

explosion 

Sandwich construction is used in many 

industries, especially when weight restrictions 

are a predominant factor, taking advantage of 

the high rigidity/weight ratio of this type of 

structural solution. This solution becomes quite 

versatile with regard to the types of materials 

and geometries that can be used. 

In this sense, the prefabricated sandwich 

panels represent composite structural elements 

composed of three distinct layers, as shown in 

Figure 3. 

 

Figure 3 – Sandwich Panel with Reinforced 

Concrete Skins and Heat Insulating Core 

 
Under the most recent circumstances, it is 

necessary to devise structural elements that 

guarantee high standards of security, ready to 

respond in situations of accidental explosions 

and terrorist attacks, mitigating the risk of 

collapse of public structures and other 

governmental decision centres [8]. 

For this investigation the application of 4 

different types of materials in the core of the 

sandwich panel was studied in order to allow 

energy dissipation: 

 Cavernous mortars with light 

aggregates 

 Metallic elements 

 Composite solutions of gypsum and 

cork 

 Aramid, aluminum and carbon 

honeycomb solutions. 
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First, four different types of lightweight 

aggregate cavernous mortar were analysed: 

mortar composed of aggregates of expanded 

clay of reduced granulometry (Figure 4), mortar 

composed of aggregates of expanded clay of 

high granulometry (Figure 5), thermal insulation 

cement screed and polystyrene (Figure 6) and 

light aggregate mortar of expanded perlite 

(Figure 7). 

 

Figure 4 – Argex® 2-4 of reduced granulometry 

 
 

Figure 5 – Argex® 3-8 of high granulometry 

 
 

Figure 6 – ST44 thermal insulation cement 

screed and polystyrene 

 
 

 

 

 

 

 

 

Figure 7 – Light aggregate mortar of expanded 

perlite 

 
 

Secondly, three different sandwich solutions 

were created: metal sandwich with corrugated 

sheet (Figure 8), metal sandwich with 

perforated corrugated sheet (Figure 9) and 

metal sandwich with 33 cl refrigerant container 

(Figure 10). 

 

Figure 8 – Metal sandwich with corrugated sheet 

 
 

Figure 9 – Metal sandwich with perforated 

corrugated sheet 

 
 

Figure 10 – Metal sandwich with 33 cl refrigerant 

container 
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Experimental Analysis of Absorbed 

Energy 

The mechanical behavior of a structure subject 

to an impact depends on the energy absorbed. 

Graphically, the energy absorbed by a material 

subjected to the uniaxial compression consists 

of the area under the stress-strain curve (σ-ε), 

obtained from the dynamic loading [9]. 

From the stress-strain curve it is possible to 

estimate the value of the absorbed energy, 

estimating the integral of this same curve, 

presented by equation (16). 

 

𝐸𝑎 = ∫ 𝜎 ∙ 𝑑𝜀
𝜀𝑓

0

 
(16) 

On the other hand, it is possible to measure the 

amount of energy dissipated through the 

percentage of plastic deformation until fracture, 

%Dr, given by equation (17), where linitial 

represents the initial thickness of the element 

and lfinal the final thickness of the element. 

 

%𝐷𝑟 =
𝑙𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝑙𝑓𝑖𝑛𝑎𝑙

𝑙𝑖𝑛𝑖𝑡𝑖𝑎𝑙

∙ 100 
(17) 

In order to quantify the energy absorbed, the 

dynamic load tests - quasi-static test - were 

carried out on the different types of materials 

available: cavernous mortars, metal sandwich 

panels, composite plaster, composite cork and 

composite honeycomb elements. 

The set of load-displacement curves illustrated 

in Figure 11 represents the behavior of the 4 

mentioned cavernous mortars. 

 

Figure 11 – Load-displacement of cavernous 

mortars 

 
 

Through the interpretation of each curve it is 

possible to achieve the results presented in 

Table 1. 

Table 1 - Maximum Values Taken from the 

Quasi-Static Test on Cavernous mortars  
 Argex 2-4 Argex 3-8 ST44 Perlite 

Fmax [kN] 242,99 237,64 80,67 241,11 

Dmax 

[mm] 
19,24 20,07 24,73 20,64 

Ea [J] 2437 5268 2632 6568 

Massa 

[g] 
1324,8 1484,3 846,0 1123,8 

SEA [J/g] 1,84 3,55 3,11 5,84 
 

 

The set of load-displacement curves illustrated 

in Figure 12 represents the behavior of the 3 

mentioned metal sandwich panels. Then 

through the interpretation of each curve it is 

possible to achieve the results presented in 

Table 2. 

 

Figure 12 – Load-displacement of metal 

sandwich panel 

 
 

 

Table 2 - Maximum Values Taken from the 

Quasi-Static Test on Metallic Elements  
 

 
Corrugated 

sheet 

Corrugated and 

perforated sheet 

Metal sandwich with 

33 cl refrigerant 

container 

Fmax 

[kN] 
245,28 242,98 8,283 

Dmax 

[mm] 
23,79 23,59 24,684 

Ea [J] 309 1246 15789 

Massa 

[g] 
146,8 146,8 270 

SEA 

[J/g] 
2,11 9,67 57,85 

 

The set of load-displacement curves illustrated 

in Figure 13 represents the behavior of the 2 

mentioned composite plaster elements and 3 

composite cork elements. 

 

 

 



7 
 

Figure 13 – Load-displacement of composite 

plaster and composite cork elements 

 
 

Then through the interpretation of each curve it 

is possible to achieve the results presented in 

Table 3. 

 

Table 3 - Maximum Values Taken from the 

Quasi-Static Test on composite plaster elements 

and composite cork elements 

 
Gyptec 

Protect 

Gyptec 

EPS 
RailCork ExpandaCork P50 

Fmax [kN] 242,48 245,39 248,14 244,77 248,62 

Dmax 

[mm] 
3,99 28,11 14,96 37,76 25,87 

Ea [J] 1369 5894 3104 7782 5231 

Mass [g] 1513,7 296,3 500,2 267,6 842,15 

SEA [J/g] 0,90 19,89 6,21 29,08 6,21 

 

 

The set of load-displacement curves illustrated 

in Figure 14 represents the behavior of the 3 

mentioned composite honeycomb elements. 

 

Figure 14 – Load-displacement of composite 

honeycomb elements 

 
 

Then through the interpretation of each curve it 

is possible to achieve the results presented in 

Table 4. 

Table 4 - Maximum Values Taken from the 

Quasi-Static Test on composite henycomb 

elements 
 Aluminum Aramida Carbon 

Fmax [kN] 252,73 253,14 252,04 

Dmax [mm] 3,44 3,49 11,94 

Ea [J] 795 790 2523 

Massa [g] 160 210 90 

SEA [J/g] 4,97 3,76 28,03 
 

 

After the overall analysis of all the materials 

tested, a study was carried out on the 

percentage of plastic deformation, using the 

percentage estimation of the thickness 

reduction, the results of which are presented in 

Table 5. 

Table 5 – Percentage of Plastic Deformation 

MATERIALS 

Percentage of Plastic Deformation 

𝑙𝑖𝑛𝑖𝑡𝑖𝑎𝑙 
[cm] 

𝑙𝑓𝑖𝑛𝑎𝑙 

[cm] 
∆h %Dr 

Corrugated sheet 2,60 0,80 1,80 69% 

Perforated 
corrugated sheet 

2,65 0,95 1,70 64% 

Perlite 4,05 2,35 1,70 42% 

ST44 4,35 1,55 2,80 64% 

Argex 2-4 4,50 3,10 1,40 31% 

Argex 3-8 4,41 2,80 1,61 37% 

P50 3,80 3,40 0,40 11% 

Expanda Cork 3,80 2,88 0,92 24% 

RailCork 1,80 1,70 0,10 6% 

33 cl refrigerant 
container 

12,60 1,80 
10,8

0 
86% 

Gyptec Protect 3,40 3,40 0,00 0% 

Gyptec EPS 2,80 0,70 2,10 75% 

Aramida - 
Carbon (skin) 

1,00 0,30 0,70 70% 

Aramida - 
Aramida (skin) 

1,30 1,05 0,25 19% 

Aluminum - 
fiberglass 

0,95 0,70 0,25 26% 
 

 

From the laboratory results and the study 

carried out, regarding the percentage of plastic 

deformation, we conclude that: 

 In the case of mortars with light 

aggregates, the thermal insulation 

screed (ST44) has the highest rate of 

residual deformation. The contribution 

of the aggregates of expanded clay 

does not add significant differences of 

deformation to different granulometries. 

 As for metal elements, there is a 

complete irreversible plastic 

deformation, with a low elastic recovery 

capacity. 
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 In materials composed of cork, with 

different values of density, different 

values of residual deformation are 

verified. For reduced density values, 

the irreversible plastic deformation is 

higher, reducing the elastic recovery 

capacity. 

 The contribution of the laminated 

gypsum composite boards is reduced, 

and the only acceptable result is 

associated with the combination of this 

material with the extruded polystyrene, 

which is due to the reduction of 

thickness. 

 In the different compositions of the 

honeycomb plates, the carbon-based 

composition with a high plasticization 

and the significant cross section 

reduction are outstanding. 

Considering the contributions and results for 

each material, the mortar was selected with light 

aggregates of expanded perlite for the 

production of the cores to be applied in the 

sandwich panels, since it presents well defined 

deformation levels, with load values greater 

than 125 kN and relative accessibility for the 

acquisition of material for production. 

In a next step, the quasi-static test of this 

material with different thicknesses was carried 

out: 40 mm, 60 mm and 80 mm (Figure 15). 

It was intended to compare the efficiency of 

energy absorption with different thicknesses. 

 

Figure 15 – Load-displacement of light aggregate 

mortar of expanded perlite with different 

thicknesses 

 
 

When analyzing the treatment of the data 

collected in each test, it is verified that the 

largest amount of absorbed energy is obtained 

with the sample of 80 mm of thickness (as 

indicated by the previous graphical analysis). 

However, the sample that shows the largest 

amount of energy absorbed per unit mass is the 

one that has a thickness of 40 millimeters. 

When comparing the results between two 

samples with a thickness of 40 mm (reference 

sample and core), the loss of energy absorbed 

per unit mass is verified by the application of a 

more resistant cement in the composition. 

 

Real-scale tests subject to the 

Explosion Action 

The tests carried out had the purpose of 

evaluating the energy dissipation capacity of the 

reinforced concrete sandwich panels 

constituted by cores of different thicknesses 

and subjected to the action of the shock wave 

coming from an explosion. 

The device adopted for performing the tests on 

the panels, subject to the action of the 

explosion, is shown in figure 16. 

 

Figure 16 – Test device with measuring system 

 
 

The reference sandwich panel, shown in Figure 

16, contains a PVC membrane which 

materializes a null core. The remaining panels 

tested are identical to this, with the exception of 

the core that has a variable thickness LWAP 

layer. 

It was proposed to study the influence of 

thickness on the absorption of impact energy, 

however it was not possible to test the panel 

with 80 mm thickness, for reasons unrelated to 

the researcher. 

In Figures 17, 18 and 19 it is possible to observe 

the 4 different constitutions studied, for each 

sandwich panel. 
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Figure 17 – Constitution of each panel tested 

 

 

 

As summarized, Table 5 presents the results 

obtained for the different solutions. 

Table 6 – Set of results collected from the four 

different solutions 

 
 

As mentioned, a mechanical system was used 

to measure the maximum deformations suffered 

by each panel. The results obtained through this 

system are shown in Table 7. 

Table 7 – Maximum deformation values obtained 

by the measurement system 

 

The largest difference between the measured 

value and the value obtained analytically was 

approximately 3.5 millimeters, being perfectly 

acceptable given the size of the values 

assumed and the degree of approximation of 

the available analytical methods. It can be 

inferred that the measurement system applied 

in the test has an error rate of approximately 

15%. 

 

Contribution of the Mortar Core of Light 

Aggregates 

A maximum deformation of approximately 25 

mm was measured in the reference panel. In 

Figures 18 and 19 it is possible to verify the 

damages caused by the action of the explosion 

in this element. When hoisting the panel, it was 

possible to verify the existence of four cracks, 

two of which were running through the panel 

throughout its length. 

Figure 18 – Reference panel after test, lower face  

 

 

Figure 19 – Reference panel after test, lateral 

edge 
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In order to validate the contribution of the 

energy dissipation layer (core of the sandwich 

panel), it was decided to compare the elements 

tested with elements of the same thickness, 

consisting exclusively of C25 / 30 concrete. 

When establishing a parallelism between these 

results and the same ones applied to the 

sandwich panels, there are no differences as to 

their resistant capacity, due to the fact that in 

the sandwich panels with dissipative cores, the 

contribution of the cores to the calculation of the 

useful height of the reinforcement. 

On the other hand, differences are verified from 

the calculation of the inertia of the section due 

to the homogenization of different materials 

present in the composition of the sandwich 

panels that have altered in some way the elastic 

rigidity of these elements. In the elements made 

up of different materials, there were greater 

elastic displacements than those constituted 

exclusively by reinforced concrete due to the 

lower stiffness of the former. 

This equilibrium allows two elements of equal 

thickness, identical resilient capacity, but 

different constitution, to present different strain 

fields associated with different energy 

dissipation capacities. 

The behavior of the sandwich panels is 

interesting in that, as the thickness increases, 

the concentration of the damages (Figure 20) in 

the designed core as sacrificial layer and 

reduction of the deformation and cracking of the 

underlying element were verified. 

Figure 20 – Partial destruction of LWAP core due 

to explosive action 

 

 

Conclusions 

From the results obtained, it can be observed 

that the ductile morphology of light aggregates 

of expanded perlite (LWAP) is evidently more 

pronounced with increasing thickness, that is, 

with the increase of the relative quantity of 

mortar compared to the quantity of reinforced 

concrete. As proposed by the results obtained 

by the quasi static test, the greater the thickness 

of the element to be tested, the greater the 

extent of the plastic deformation level, under the 

same loading conditions. 

By means of an analytical approach, the 

different maximum deformations at half a span 

were estimated for each panel, resulting in an 

error of less than 15% when compared to the 

results measured in the experimental test. It is 

necessary to keep in mind the loading speed 

and extreme violence of the impulse generated 

by the explosive charge compromise the 

accuracy and precision of the measurement 

systems. As for the methods of analysis, it 

should be borne in mind that they result from 

approximations and simplifications such as the 

uniform adoption of shock wave pressures and 

homogenization of the cross section. 
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