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Abstract. This paper deals with the non-linear dynamic behavior of thin Aluminium 
plates subjected to blast loading. Aluminium plates with grade EN AW-1050A-H24 
are studied. The square specimens have an area of interest of 300*300mm2 and 
a thickness of 2.5mm. The blast loading is generated using free air blast (FAB) and 
explosive driven shock tube (EDST). A numerical finite element model (FEM) using 
the commercial software LS-DYNA is developed and validated based on the 
experimental data from literature. A failure model is combined with the modified 
Johnson-Cook constitutive relation to study the dynamic failure on the target. A 
comparative study between the arbitrary Lagrangian Eulerian (ALE) and the 
Lagrangian approach is assessed to guarantee the most adequate formulation for 
the numerical model. The out of plane displacement from the ALE simulations were 
found to be in good agreement with both the experimental values and the 
corresponding results from the Lagrangian simulations. In this paper, an effort is 
made to present a detailed numerical model for the prediction of the nonlinear 
dynamic behavior of Aluminium plates subjected to blast loading. 
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1. INTRODUCTION 

Today in our society, the threat of terrorism is ever present. In order to make their statement, 
the most recognized weapon of choice by terrorists is explosives. The number of terrorist attacks 
have increased during these last years, targeting civilians in many places but especially in high 
density public areas like airports, concert arenas, security check-points and public transport 
stations. These attacks are causing damage to both persons and infrastructures. The use of 
protective structures based on Aluminium alloys in buildings is becoming increasingly popular. 
Aluminium alloys has gained popularity as a suitable and a practical alternative to other kinds of 
materials. They are also very known in the domain of defense and aerospace applications mainly 
due to their mechanical and physical properties, their lightweight and high strength resistance. In 
the recent years, Aluminium alloys used in developing light-weight protective structural components 
such as panels and thin plates became the focal point of interest for protective engineering 
designers. For many decades, researchers have been focused on understanding the dynamic 
behavior of Aluminium plates subjected to blast loading. Some research efforts have been reported 
to address the response of aluminium plates to blast loading. They were based on experimental 
approaches and numerical procedures using free air blast (FAB)1-6 and explosive driven shock tube 
(EDST)7,8. The main results shows a highly localized and rapid material response on the aluminium 
plates due to the blast loading. Two different stages could be distinguished: First, particles are 
forced to move out-of-plane and provided with initial velocities due to shock impulse. Secondly, the 
plate deformation is further driven by the imparted momentum when the pressure wave has 
vanished5. The plastic deformation of the plate occurs in the beginning of the loading event followed 
by damped elastic vibrations.  

In the present work, the dynamic response of Aluminium plates subjected to a blast loading is 
investigated through numerical simulations. A numerical model using the commercial software LS-
DYNA is developed. The reliability of finite element (FE) model of Aluminium plates under blast 
loading is examined by comparing of FE simulations results with those from the experimental tests 
conducted by Louar et al9. The paper is organized as follows. In Section 2, a numerical study is 
conducted to investigate the nonlinear dynamic behavior of Aluminium plate under blast loading. A 
FE analysis using Lagrangian (LAG) formulation is explained where a FE model is built and 
numerical results are validated with experimental data. Another FE model using Arbitrary 
Lagrangian Eulerian (ALE) is built in order to be used in a comparative study between ALE and 
LAG. The paper ends in Section 3 with concluding remarks. 

2. STUDY OF DYNAMIC BEHAVIOR OF ALUMINIUM PLATE UNDER BLAST LOADING 

The evaluation of the dynamic behavior of Aluminium plates under blast loading is based on an 
experiment from literature [9]. Two sets of experiments are considered: the blast loading is a FAB 
in the first set and an EDST in the second set. Square Aluminium specimens with commercial code 
EN AW-1050A-H24 and having dimensions of 400*400*2.5 mm3 are clamped to a steel frame 
(commercial code EN-10025-S235) and a clamping frame (commercial code EN AW-7022) using 
bolts. Only an area of interest (AOI) of 300*300 mm2 is considered as shown in Figure 1a. When 
dealing with FAB loading, the stand-off distance separating the C4 charge from the plate is 250 
mm. The mass of the charge used is 25g as shown in Figure 1b. When shifting to the second type 
of loading with EDST the masses of C4 charges are 15 and 20g. The experimental set-up is shown 
in Figure 1c. The experimental results shows that the out of plane displacements generated by the 
EDST are significantly higher than those generated in the case of FAB loading.  

2.1 Finite element analysis using Lagrangian formulation 

The aim of the numerical simulation explained in this section is mainly to test the capability of the 
computational model to predict the different stages of failure observed experimentally in the target. The 
explicit solver of the non-linear finite element code provided by LS-DYNA is utilized. A detailed 
description of the finite element model is discussed. The experimental results are compared with the 
numerical results from the simulation. 
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Figure 1: (a) AOI in Aluminium plate       (b) plate under FAB     (c) plate under EDST [9] 

2.1.1 Finite element model 

The geometrical model is prepared using three dimensions 3D solid elements. The advantage of 
using a 3D model over a 2D model is the ability to capture with accuracy the macroscopic damage and 
the different failure modes in the plate. The 8-node constant stress solid elements with one integration 
point is used for modelling the steel frame, the clamping frame and the specimen (ELFORM=1) as 
shown in Figure 2a. The steel frame and the clamping frame has dimensions of 1000*1000*15 mm3 and 
400*400*3 mm3 respectively. Due to the symmetric nature of the problem and the symmetries of 
the load cases, only a quarter model will be studied where fixed boundary conditions are established 
on the planes of symmetry as shown in Figure 2b in order to save calculation expenses.  

 

Figure 2: (a) Steel, clamping frame & specimen  (b) plate under blast load  (c) ¼ of geometrical model  

In order to accurately simulate the contact between the steel frame, the clamping frame and the 
specimen more focus is given to the sliding phenomena. It has been observed from the experimental 
results that a local deformation of the plate around the bolt holes occurred. This means that when loaded, 
the plate slipped a bit from the fixation of the steel and clamping frames. This could be reproduced in 
the simulation using the contact algorithm (*AUTOMATIC-SURFACE-TO-SURFACE-TIEBREAK) with 
(OPTION=4). In this option the tiebreak is active for nodes which are initially in contact but tangential 
motion with frictional sliding is permitted. Segments from the plate are identified as master parts with 
corresponding segments from the steel and clamping frame already identified as slave parts. In FAB 
experiment set, the blast loading is modelled by a function named (*LOAD-BLAST-ENHANCED) where 
the TNT equivalent mass and the stand-off-distance are the required input parameters. This function 
decreases the computational time by excluding the shock wave propagation in the air from the 
simulation. Only the interaction of shock wave with the plate is modeled by assigning a shock-front 
surface on the specimen through (*LOAD-BLAST-SEGMENT-SET) command in LS-DYNA. No 
amplification of initial shock wave due to the interaction with the ground surface is considered in the 
numerical model. In the second experiment set using EDST, the corresponding modelling of the 
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generated blast loading is approached by the use of a function through the (*DEFINE-FUNCTION) 
command. It has been observed from the experimental results that the blast wave could be considered 
as uniformly applied to a surface corresponding to the cross sectional area of EDST followed by an 
exponential decay outside of it. The function is given by: 

𝑃(𝑡) = 𝑃𝑚𝑒−(𝑡
𝛼⁄ )                                                (1) 

 

𝑃(𝑥, 𝑦, 𝑡) = {
𝑃(𝑡)                      𝑖𝑓 𝑟 ≤ 𝑅

𝑃(𝑡)   𝑒−𝑘(𝑟−𝑅)              𝑒𝑙𝑠𝑒
        (2) 

Where 𝑃𝑚 represents the reflected peak pressure, 𝛼 is a positive wave form parameter, r is the radial 
position of the point, R is the radius of the tube and k is a positive parameter. Corresponding numerical 
values for parameters in (1) and (2) were derived from reference [9] and collected in Table 1.    

Pm [Pa] 𝛼[s] R[m] k[m-1] 

10.742e6 152e-6 84e-3 225e-3 

Table 1: Parameters for the blast loading using EDST   

For both blast simulations using FAB and EDST the Lagrangian formulation is adopted. The final 
configuration of study (1/4 model) is schematically shown in Figure 2c.   

2.1.2 Material models 

The numerical model for the Aluminium plate under blast loading has to be capable of simulating all 
deformations stages in terms of displacement and strain. A big variety of material models could be 
considered in treating the problem. It was observed from experimental results that the steel frame and 
the clamping frame remains both in the elastic region during the whole process. Therefore, their 
behaviors could be simply modelled using a linear elastic constitutive law through material type 01 
(*MAT-ELASTIC). The Aluminium plate undergoes severe deformation due to the intensity of the load 
in a very short period of time. Consequently, the target material will experience a high strain rate 
deformation. Therefore, the importance of using a material model that takes into account strain rate 
material properties is highlighted. In this section, the Johnson and Cook constitutive relation is adopted 
for the target. The material model with the keyword *MAT_MODIFIED_JOHNSON_COOK (material type 
107) in LS-DYNA is used. This choice is based on the capability of this model to account in calculation 
for the effects of : strain, strain rate hardening and thermal softening in the deformation process. The 
modified Johnson cook is used instead of the standard one (material 15 in LS-DYNA where Qi and Li 
are equal to zero) because based on quasi-static tensile tests on flat specimens material 107 gives a 
far better fit to experimental data than material 15. The equivalent flow stress depending on strain, strain 
rate and temperature is given by: 

𝜎(ℇ, ℇ̇ , 𝑇) = [𝐴 + 𝐵ℇ𝑛 +  ∑ 𝑄𝑖(1 − exp (−𝐿𝑖ℇ))

2

𝑖=1

] [1 + 𝐶 ln
ℇ̇

ℇ𝑟𝑒𝑓
] [1 − (

𝑇 − 𝑇0

𝑇𝑚 − 𝑇0
)

𝑚

]          (3) 

Where A, B, C, Qi, Li, m and n are material constants, ℇ  is the equivalent plastic strain, ℇref  is a strain 
reference. T, T0 and Tm represents respectively the absolute, room and melting temperatures. The 
material constants are determined for the Aluminium specimen based on an extensive material 
characterization program. Corresponding numerical values for material model parameters for the 
Aluminium plate were derived from reference [9] and collected in Table 2. Other numerical values for 
material model parameters for the steel frame and the clamping frame were taken from reference1 and 
collected in Table 3.    

A[Pa] B[Pa] n[-] C[-] m[-] Tm[K] 

6.5e7 1.4e7 0.36 0.014 1 918 

ρ[kg/m3] E[Pa] ν[-] Cp[J/kg.K] T0[K] Q1[Pa] 

2710 6.9e10 0.33 452 293 25e6 

Q2[Pa] L1[-] L2[-]  

19e6 3324 533 

Table 2: Parameters for material model of Aluminium plate.   
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 ρ[kg/m3] E[Pa] ν[-] 
Steel frame 7910 2.1e11 0.27 

Clamping frame 2710 7.0e10 0.33 

Table 3: Parameters for material model of steel and clamping frame. 

In equation (3), the first bracket gives the effect of stress as function of strain, the second bracket 
gives the effect of strain rate and the third reflects the effect of temperature. The non-coupling between 
the three physical effects and the straightforward simple form of the relation allows the user to add or 
omit complexity in the simulation using the same material model.       

2.1.3 Mesh convergence study 

A mesh convergence study is conducted to determine the optimum mesh size for the Aluminium 
plate.  Different mesh sizes are investigated: 50mm, 25mm, 12.5mm, 10mm, 5mm, 2.5mm, 2mm and 
1mm as shown in Figure 3. 

 

 

Figure 3: Out of plane displacement as function of time for different mesh sizes of plate   

The maximum out of plane displacement as function of the inverse of the above mentioned element 
sizes for the Aluminium plate under FAB shows that a displacement plateau could be seen beginning 
from mesh size 5mm as illustrated in Figure 4. Besides, selecting a smaller mesh size than 5 mm for 
the plate will cause an inefficient increase in the simulation computational time. Therefore, the numerical 
simulation will be conducted using 5mm as an optimum mesh size which could be considered as a good 
compromise between computational cost and accuracy of results. The same mesh size is also adopted 
for the steel and the clamping frames. 
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Figure 4: Mesh convergence study of Aluminium plate under blast loading  

2.1.4 Validation of numerical results with experimental data 

Numerical simulations of the Aluminium plate under blast loading using FAB and EDST are 
conducted. The Modified Johnson and Cook constitutive model is used to predict the non-linear dynamic 
behavior of the plate. Validation of numerical results with the experimental data is based on two different 
approaches. First, the out of plane displacement  as function of the point coordinate in the plate is 
compared to the experimental results. Second, finite element results for the behavior of plate from the 
moment where the blast loading is applied until it reaches the step of plastic deformation are compared 
to corresponding observations from the two sets of experiments. The first numerical model uses FAB 
as blast loading with a standoff distance of 250 mm and a C4 charge mass of 25g. The simulation results 
show that three different stages could be distinguished. A first stage where a linear elastoplastic 
deformation is observed. Thereafter, this deformation is followed by damped elastic vibrations until it 
finally reaches a stabilization in the deformed state. The generated stress-strain waves appears first in 
the edges and then propagates toward the center of the plate. Bending and shear deformations are 
created due to the wave propagation. Consequently, the plate moves in the out of plane direction 
creating a square-like shape caused by the form of clamping and shifts to a curved profile at the 
maximum deflection point. According to the experimental work the value of the out of plane displacement 
(OPD) for the plate under FAB is 21mm. This value was almost reached in the simulation at the mid-
point of the plate and decreased gradually from the center to the edges. A good agreement is found 
between numerical results and corresponding experimental results for the OPD of the plate under FAB 
as shown in Figure 5a. The second numerical model developed in this section uses the EDST to 
generate the blast loading with two different C4 charge masses. The explosion of 15g of C4 at the 
entrance of the tube generates a reflected pressure of 6750 kPa and a reflected impulse of 1533 Pa.s. 
The explosion of 20g of C4 gives a reflected pressure and a reflected impulse of 10742 kPa and 1641 
Pa.s respectively9. These values are introduced into equation (1) and (2) to represent the blast loading 
applied on the Aluminium plate. The simulation results show that four different stages could be 
distinguished. In the first stage, a local indentation is observed in an area corresponding to the cross 
section of the EDST. This could be due to two main reasons: First, the planar wave is now concentrated 
to the cross section of the tube which increases the loading time on the plate. Second, the relative 
softness of Aluminium material plays a role in the creation of the indentation. In the second stage, a 
circular area starts to move in the out of plane direction. In the third stage, the motion propagates toward 
the edges and then the center of the plate. In the final stage, the plate reaches its maximum 
displacement due to the high momentum applied. According to the experimental work the value of the 
maximum out of plane displacement (OPD) for the plate using 15g of C4 at the entrance of the tube is 
50mm. A good agreement is found between numerical and corresponding experimental results for the 
OPD of the plate using EDST as shown in Figure 5b. A diagnosis of the propagation of stress waves in 
the plate subjected to blast loading generated from the explosion of 20g of C4 at the entrance of the 
tube shows that the plate reaches a maximum displacement in a shorter time period compared to FAB. 
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This could be due mainly to the intensity of the momentum applied to the plate and the decrease in 
vibrations caused by the high plastic deformations. A stress wave is generated at the edges of the 
loaded area then it propagates toward the edges and the center of plate. Figure 7 shows the 
accumulation of the stress wave at different time steps and how it travels from the edges of plate until it 
reaches the center. These details were also observed in the experiment which reflects the effectiveness 
of the numerical model to predict the non-linear dynamic behavior of the plate under blast loading.                         

 

 

Figure 5: (a) OPD as function of point coordinates of plate using FAB   (b) OPD as function of point 
coordinates of plate using EDST  (c) Point coordinates in the plate    

 

Figure 6. Maximum OPD in the plate using FAB and EDST    
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Figure 7: Propagation of stress waves in the plate at different time steps resulting from the explosion 
of 20g of C4 at the entrance of the EDST (FE results are mirrored for better observations)    

Figure 6 shows the numerical results of the maximum out of plane displacement of the plate using 
FAB with 25g of C4 and using EDST with 15g and 20g of composition C4. The simulation results are in 
a good agreement with the experimental data. In conclusion the reliability of the numerical model in term 
of material models, mesh size, element formulation and the way the blast load is applied to the plate is 
assured and validated. The author stressed the point that the LAG formulation is a good choice for 
predicting the behavior of the Aluminium plate under blast loading but he conducted a whole 
comparative study between ALE and LAG to make sure which one of them is the best choice. 

2.2 Finite element analysis using Arbitrary Lagrangian Eulerian formulation 

When trying to analyse any non-linear dynamic problem, such as blast loading, many considerations 
has to be made. Most of them could be mainly summarized in the choice of the numerical method, the 
simulation run time, the available resources and the finite element formulation. Three finite element 
formulations could be used in treating the problem of non-linear dynamic behavior of Aluminium plate 
under blast loading: Lagrangian, Eulerian and Arbitrary Lagrangian Eulerian. The main differences 
between these three approaches pertain to how the material’s motion is related to the motion of the 
finite element mesh10. In the LAG formulation the mesh moves and deforms with the material which 
assure that in every step the constitutive relations are evaluated at the same point. Moreover, interfaces 
and boundaries stay coincident with element boundaries and nodes at all time. One of the disadvantages 
of this approach is large deformation of material elements resulting in dramatic size decrease which by 
itself causes a decrease in the critical time step and then obliging the analysis to slow down. In the 
Eulerian formulation the mesh is fixed in space while the material moves through the mesh. The problem 
with this approach is that unlimited material deformations are allowed since the large deformation in the 
material do not cause deformation of the mesh. The ALE formulation is based on mixing the advantages 
of both LAG and Eulerian with the minimization of their disadvantages. Here, the finite element mesh 
deforms independently of the material which allow it to follow the material deformations without 
considering the distorted elements with negative mass and energy. The present problem of the 
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Aluminium plate under blast loading is treated in the next part with the last approach. A numerical model 
is developed and results are compared to those using the LAG formulation obtained in section 2.1.                  

2.2.1 Finite element model using ALE 

The presented finite element model is developed in two steps. 3D solid elements are used to build 
the geometrical model. The first step is the creation of an air model composed by a thin layer called 
ambient layer AL with one air element thickness (Figure 8b) and a thicker layer called the air domain 
AD (Figure 8c). The second step is the addition of the Aluminium plate with its fixing frames into the AD 
in order to study its dynamic behavior under blast loading (Figure 8d). 

 

Figure 8. (a) Aluminium plate (b) Ambient layer (c) Air domain (d) Geometrical model of the plate 
under FAB in ALE domain      

A blast wave based on CONWEP empirical function is applied on the ambient layer and then 
propagates through the ALE domain. The blast loading is modelled by a function named (*LOAD-
BLAST-ENHANCED) with 25g of composition C4 (TNT equivalent mass of 0.03425 kg) and a stand-off 
distance of 250mm from the plate. The advantage of using this function is the possibility to apply the 
incident blast wave directly on the top of the AL before it reaches the plate embedded in the AD. The 
command (*LOAD-BLAST-SEGMENT-SET) in LS-DYNA is used to model the interaction of the blast 
wave with the AL. No amplification of initial shock wave due to the interaction with the ground surface is 
considered in the numerical model. The 8-node constant stress solid elements with one integration point 
is used for modelling the steel frame, the clamping frame and the specimen (ELFORM=1) as used in 
section 2.1. One point ALE multi-material element (ELFORM=11) is used to model the AL and the AD. 
The ambient element type AET for AL is taken as a blast receptor (AET=5). The interaction between the 
Aluminium plate, the fixing frames and the AD is done through the command (*CONSTRAINED-
LAGRANGE-IN-SOLID). The plate and its fixing frames are considered as slave parts while the AD is 
taken as master part. Penalty coupling is defined between master and slave parts (CTYPE=4). Three 
coupling points distributed over each coupled LAG surface segment (NQUAD=3) in the normal direction 
(DIREC=1) are set in the model. The position of the Aluminium plate inside the AD is crucial to the 
accuracy of results. Therefore, the author conducted a parametric study where he varied at each time 
the distance separating the plate and the AL-AD interface. When the blast wave is applied to the AL it 
goes through the AD until the reflection on the plate. After that, it goes back through the AD and reflects 
on the AL-AD interface. Then it goes through the AD again and reflects on the plate, and so on. So, it is 
recommended to set a high enough distance between  the plate and the AL in order to give no sufficient 
time for the shock front to go-back through the AD and come back again. For the purpose of the 
presented numerical model, a distance of 5mm was found enough to satisfy the abovementioned 
condition. Due to the symmetric nature of the problem and the load case, only a quarter model is 
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studied. Non-reflecting boundary conditions are established on the segments of the AD where 
dilatational and shear waves are allowed. In order to save calculation expenses planar symmetry is 
applied on the segments sides as shown in  Figure 9. In Table 4, 1 refers to a translational constraint in 
local (X, Y or Z) direction  and a rotational constraint in local (RX, RY or RZ) direction. 0 refers to no 
translational and no rotational constraint in local directions.     

 

Figure 9: ¼ of geometrical model of Aluminium plate in ALE domain under blast loading with plane 
symmetries      

  X  Y  Z  RX  RY  RZ 

Sym ZX 0 1 0 1 0 1 

Sym ZY 1 0 0 0 1 1 

Table 4: Constrained translational and rotational directions in the ¼ geometrical model 

For the material models, the material type 01 (*MAT-ELASTIC) and material type 107 (*MAT-
MODIFIED-JOHNSON-COOK) are assigned to the fixing frames and the Aluminium plate, respectively. 
The AL and AD are modelled with air considered as a perfect gas. Thus, material type 09 (*MAT-NULL) 
is defined for both parts. This material allow to consider an equation of state EOS without computing the 
deviatoric stresse11. The γ law EOS, given by equation (4), with the keyword (EOS-LINEAR-
POLYNOMIAL) is used and corresponding numerical parameters are collected in Table 5. 

   

𝑃 = 𝐶0 + 𝐶1𝜇 + 𝐶2𝜇2 + 𝐶3𝜇3 + (𝐶4 + 𝐶5𝜇 + 𝐶6𝜇2)𝐸          (4) 

 
Where C0,C1,C2,C3,C4,C5 and C6 are constants, 𝜇 = (𝜌 𝜌0⁄ ) − 1, ρ is the current density, ρ0 is the initial 
density, E refers the thermodynamic state of the material.     

C0 C1 C2 C3 C4 C5 C6 E0[Pa] V0 

0 0 0 0 0.4 0.4 0 2.533e5 1 

Table 5: Parameters for linear polynomial EOS for the air 

2.2.2 Mesh convergence study 

A mesh convergence study is conducted to determine the optimum mesh size for the ALE numerical 
model. Three different mesh sizes are investigated: 10mm, 5mm and 1mm. The out of plane 
displacement of the plate and the values of the incident and reflected pressures are set as a criterion 
for choosing the right mesh. Pressure contours for the above-mentioned mesh sizes at exactly the same 
time in seconds are shown in Figure 10.  
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Figure 10: Pressure contours at the same time for three different meshes (a)10mm (b)5mm (c)1mm 

 
It can be seen that despite of the rectangular shape of the mesh, a spherical shape of the blast wave 

is obtained as the mesh is refined. It is also noticeable that for the coarser meshes (Figure 10a and 
Figure 10b) the pressure contours reaches maximum values along the diagonals and minimum values 
along the axes. As the mesh is refined to 1mm (Figure 10c), the incident and reflected pressures reach 
values of 1.596 MPa and 12.06 MPa, respectively. A big agreement is found when comparing these 
values of pressure to their corresponding values from CONWEP. For a termination time of 1ms the 
simulation CPU time is about 38 hours 43 minutes 07 seconds on a Core i7 PC.      

 2.3 Comparison between numerical results using ALE and LAG 

A comparative study between the simulation’s numerical results using ALE and LAG for the study of 
the dynamic behavior of Aluminium plate under blast loading shows that both approaches lead to the 
same values. Figure 11 shows the out of plane displacement of the plate using both approaches. The 
out of plane displacement of the plate reaches a value of 20.25mm using ALE compared to a value of 
20.53mm using LAG. This big correspondence in the out of plane displacement is accompanied with a 
considerable difference in CPU time. 
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Figure 11: Comparison for the out of plane displacement of the plate under blast loading (FAB) using 
ALE and LAG approaches  

 
Details on the computational cost for each approach is given in Table 6. As a result, the LAG 

formulation has proven that it could be considered as the best choice as it is a good compromise 
between the computational cost and the accuracy of results.     

 ALE LAG 

OPD [mm] 20.25 20.53 

CPU Time [hh:mm:ss] 38:43:07 03:14:17 

Table 6: Out of plane displacement and computational time comparison between using ALE and LAG 

3. CONCLUSIONS 

This study presents a detailed numerical model for the prediction of the non-linear dynamic 
behavior of Aluminium plate under blast loading using FAB and EDST. The numerical analysis 
shows a good correspondence with the experimental data for the out of plane displacement of 
plate. The use of the Modified-Johnson-Cook material model for the plate was also able to predict 
the different stages of deformations qualitatively and quantitatively either using ALE or LAG 
formulation. The latter shows that it could be considered as a good compromise between 
computational cost and accuracy of results. In this paper, an effort is made to present a detailed 
numerical model that could be considered as a fast and accurate way for the prediction of the 
nonlinear dynamic behavior of aluminium plates subjected to blast loading. 
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