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ABSTRACT 
 

     Herein, we focus on the design and development of an efficient ‘finite element 
analysis (FEA)’ based model incorporating temperature dependent material properties 
for impact through explosion analysis problems of thick plates. Our main idea is the 
incorporation of temperature dependent material properties for impact through explosion 
studies in the design and development of new age shield engineering designs, especially 
focused towards the application to the underwater vehicles (e.g. autonomous underwater 
vehicles, submarines, submersibles, and torpedoes, etc.). Our proposed FEA based 
model is governed by the basic numerical analysis, finite element analysis and 
thermal/material science. We implement our model in ABAQUS*TM and Matlab**TM 
software solution systems and develop subroutines to ensure seamless integration. In 
our model the focus is on large deformation finite element analysis, and we use the 
Jones-Wilkins-Lee (JWL) equation of state, Johnson Cook parameters, along with 
temperature dependent material properties. Presented results examine the role of 
explosion at various heights in z axis direction on plates of different materials (i.e. steel 
and composite) and the TNT is used as a representative explosive material. Finally, 
based upon extensive results and their analyses suitable design guidelines related to 
material selection and application are derived.  
 
Keywords: Impact mechanics, explosion studies, material properties, thick plates, TNT 
explosive. 
 
1. INTRODUCTION 

In the past few years, researchers mostly studied how beams and plates react to 
blasts that are very strong and happen very quickly, Menkes and Opat (1973). A blast 
load is the force exerted on a structure or object by a blast wave, and it is characterized 
by an overpressure and impulse or duration, Sari et al., (2024). When high explosives 
detonate, a blast wave is generated, impacting the structure with incident overpressure 
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(Pso), Fordham (2013), Beshara (1994). Knowing how armour steel plates react during 
an explosion is important for building effective protection systems, Safari et al., (2011) 
and Zheng et al., (2018). 

This wave is then reflected back as reflected excess pressure (PCa), Remennikov 
(2003), Mubarok et al., (2022). In the previous studies, air blast parameters of spherical 
and hemispherical detonations were developed by Kingery and Bulmash (1984), Akram, 
and Yesilyurt (2023), Gan et al., (2023) and the charts of these parameters are presented 
in UFC 3-340-02 (2008). Some studies exist on the effect of air blast on steel plates, e.g. 
Nurick et al., (1989), Fu et al. (2021), however these studies have focused only upon 
plates of low thicknesses (less than or equal to 10 mm). In general, within the context of 
marine structures, only limited research results exist on the deformation and failure of 
marine-grade steel and glass fibers subjected to the impact through explosion. We note 
that the resistance of steel, aluminum alloy, and composites depend on various material 
properties, such as Young’s modulus, yield stress, dynamic strain hardening rate, 
Poisson’s ratio, and strain failure rate etc., and additionally, also it is influenced by 
geometric parameters, including the thickness, aspect ratio, and shape of the target plate, 
and as well as boundary conditions, etc. Longère et al., (2013) and others used both 
experiments and computer simulations to study how ship steel plates get damaged by 
nearby explosions? They looked at how the plates respond, like bending outwards 
(bulging) or tearing (petalling), and confirmed that the ABAQUS software can accurately 
simulate these explosion effects, Li et al., (2017). Balden and Nurick (2005) and others 
used ABAQUS and AUTODYN software to simulate how plates bend and get damaged 
by explosions. Their results showed that these simulations can correctly predict how the 
plates will change shape and break. 

 

Furthermore, the characteristics of the explosive charge, influence the behavior of 
plates under impact through explosion. As both the metals and composites are used in 
the underwater vehicles and marine structures, it is important to analyses the behavior 
of plates of both metals and composites under impact through explosion, with different 
characteristics of the explosive charges. This requirement has motivated our present 
work.  

Herein, we present the design and development of a ‘Finite Element Analysis (FEA)’ 
based model for impact analysis of blasts on thick plates. Utilizing the proposed FEA 
based model, we report extensive results that are key towards bench marking, show and 
analyze the effect of explosion on square thick plates of different materials and 
distribution of stresses, strains, displacements and Plastic strains equivalent (PEEQ), 
after explosion/impact, etc., are examined in-detail. Our proposed FEA based model is 
governed by the basic numerical analysis, FEA and thermal/material science, Kumar and 
pandey (2023). We implement our model in ABAQUS*TM and Matlab**TM software solution 
systems and develop subroutines to ensure seamless integration. In our model the focus 
is on large deformation FEA, and we use the Jones-Wilkins-Lee (JWL) equation of state, 
Johnson Cook parameters, along with temperature dependent material properties, 
Bouiadjra et al., (2023). Reported results examine the role of explosion at various heights 
in the z axis direction on thick plates of different materials and the ‘2, 4, 6-Tri Nitro 
Toluene (TNT)’ is used as a representative explosive material. 
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2. Finite Element Modeling 
 

2.1 Air blast loading 
Following Mohamed (2023), Xu et al., (2020) and Patel et al., (2023), the relation 

between ‘p–t’ responses is defined by a modified Friedlander equation, i.e.: 
 

                         𝑃(𝑡) = (𝑃𝑃 − 𝑃𝑎𝑡𝑚) [1 −
𝑡−𝑡𝛼

𝑡𝑑
] 𝑒−(𝑡−𝑡𝑎)/𝜆                (1) 

 
where 𝑃(𝑡) is the instantaneous overpressure at time t, 𝑃𝑃 is the peak overpressure 
when t is zero (i.e. 𝑡𝑎 is the arrival time of the wave front), 𝑡𝑑 is the time duration after 
the wave front, 𝑃𝑎𝑡𝑚 is the atmospheric pressure, and 𝜆 is the time decay constant. We 

obtain the imparted impulse (𝐼) by integrating the pressure acting with respect to the time 
duration of the loading and it is: 
 

                             𝐼 = ∫  
𝑡𝑎+𝑡𝑑

𝑡𝑎
𝑝 𝑑𝑡                               (2) 

 
where 𝑝 represents the applied pressure due to the blast loading function and other 
parameters are the same, as defined before. Following Mouritz, (2019), for a far-field 
explosion, we describe the peak overpressure by: 
 

     𝑃𝑝 ≈ 53.9 (
𝑊0.33

𝑅
)

1.13

                            (3) 

 
where 𝑤 is the weight and 𝑅 is the stand-off distance of the explosive charge. 

 
2.2 CONWEP (Conventional Weapons Effects Program) 
Following Kinney and Graham (2013), Longère et al., (2013), Markose and Rao  

(2017), Yadav et al., (2020) and Mubarok et al., (2022a), we compute the scaled distance 
or the proximity factor 𝑍 in m/kg1/3 using: 

 

𝑍 =
𝑅

𝑚1/3                                    (4) 

where 𝑚 is the mass of explosive, 𝑅 is the stand-off distance, as defined before, and it 
refers to the distance from the center of the explosion to the target structure and defined: 

𝑃𝑠 = 𝑃𝑖(1 + 𝑐𝑜𝑠𝜃 − 2𝑐𝑜𝑠2𝜃 + 𝑃𝑟𝑐𝑜𝑠2𝜃)                           (5) 

where 𝑃𝑠 is the shock wave overpressure, 𝜃 is the incident wave angle, and the 𝑃𝑖 and 
𝑃𝑟 are the incident and reflected overpressures, respectively. We note that the greater 
the stand-off distance, the less structural damage from the blast wave is expected.  
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2.3 Geometry modeling, loading and boundary conditions, and meshing 
We have shown geometry modeling, loading and boundary conditions, and 

meshing in-detail in our previous work (Meena and Sharma (2025)) and the same is used 
in the present work.  

 
2.4 Johnson–Cook model 
For material characterization we use the standard Johnson-Cook model and adopt 

an elastoplastic material representation incorporating Johnson-Cook strain hardening 
and damage initiation. Following Mubarok et al., (2022b) and Yadav et al., (2020), the 
Johnson-Cook strain rate dependence is: 

 

𝜎‾ = 𝜎0(𝜀‾𝑒𝑞
𝑝 , 𝑇)𝜀𝑅(𝜀‾𝑒𝑞

𝑝 ) and

𝜀‾𝑒𝑞
𝑝  = 𝜀0𝑒𝑥𝑝 [

1

𝑐
(𝜀𝑅 − 1)]  𝑓𝑜𝑟 𝜎‾ ≥ 𝜎0,

                   (6, 7) 

where 𝜎‾ is the yield stress at non-zero strain rate, 𝜀‾𝑒𝑞
𝑝

 is the equivalent plastic strain 

rate, 𝜀0 is the reference strain rate, 𝜎0(𝜀‾𝑒𝑞
𝑝

, 𝑇) is the static yield stress, and 𝜀𝑅(𝜀‾𝑒𝑞
𝑝

) is 

the ratio of the yield stress at nonzero strain rate to the static yield stress. Equivalent 
Von-Mises yield stress is: 

𝜎‾ = (𝐴𝑣 + 𝐵𝑣(𝜀‾𝑒𝑞
𝑝 )

𝑛𝑣
) (1 + 𝐶𝑣𝑙𝑛𝑣 (

𝜀‾𝑒𝑞
𝑝

𝜀̇0
)) (1 − (𝑇∗)𝑚𝑣)             (8) 

where 𝐴𝑣 , 𝐵𝑣, 𝑛𝑣, 𝐶𝑣, and 𝑚𝑣 are material parameters, and 𝑇∗ is expressed: 

𝑇∗ = {

0, 𝑓𝑜𝑟 𝑇 < 𝑇𝑟 ,
𝑇−𝑇𝑟

𝑇𝑚−𝑇𝑟
 𝑓𝑜𝑟 𝑇𝑟 ≤ 𝑇 ≤ 𝑇𝑚

1,  𝑓𝑜𝑟 𝑇 > 𝑇𝑚,

                       (9) 

where 𝑇 is the material temperature, 𝑇𝑚 is the melting temperature of the material, and 
𝑇𝑟   is the room temperature, i.e. all the temperatures are in degree Kelvin.  

2.5 Fracture model 
For the damage initiation and evolution, we use the Johnson-Cook method, and  

following them the damage is based on the value assumed by a variable 𝐷, and it is 
defined: 

𝐷 = ∑  
Δ𝑞

𝜀𝑓                                (10) 

 

where ∆𝑞  is the equivalent plastic strain and 𝜀𝑓  is the equivalent strain required to 

fracture. We note that the fracture will occur when 𝐷 ≥ 1. Following Iqbal et al., (2015), 

the general form of the equivalent strain required to fracture (𝜀𝑓) is: 

𝜀𝑓 = [𝐷1 + 𝐷2exp 𝐷3𝜎∗][1 + 𝐷4ln 𝜀∗][1 + 𝐷5𝑇∗]               (11) 
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where 𝜎∗ is defined as 𝜎𝑚/𝜎‾𝑣  with 𝜎𝑚 denoting the average normal stresses and 𝜎‾𝑣 
denoting the Von-Mises equivalent stress. The 𝐷1, 𝐷2 , 𝐷3, 𝐷4 , 𝑎𝑛𝑑 𝐷5  are different 
fracture strain constants and these are primarily the material related parameters which 
are obtained experimentally. Although, our larger aim is to understand the impact 
mechanics of explosion through different mediums (i.e. air, water and combination of air 
and water), in this paper, we restrict and limit our formulation to the air medium only. We 
treat air as a non-viscous ideal gas with a linear polynomial equation and following Xu et 
al. (2020), the equation of state is: 

 
                   𝑃a = 𝐶0 + 𝐶1𝜇 + 𝐶2𝜇2 + 𝐶3𝜇3 + (𝐶4 + 𝐶5𝜇 + 𝐶6𝜇2)𝐸0           (12) 

 
where 𝑃𝑎 is the air pressure, the 𝜇 is equal to V0/V-1 (where V0 is the initial relative 
volume, and V is the relative volume), the 𝐸0 is the initial internal energy density, and 
𝐶0 − 𝐶6 are the coefficients of the polynomial equation.  

2.6 Modelling of explosive charges 
Jones - Wilkins - Lee (JWL) state equation is: 

              
𝑃𝑑 = 𝐴𝑙 (1 −

𝜔𝜌𝑑

𝑅1𝜌0
) exp (−𝑅1

𝜌0

𝜌𝑑
)

+𝐵𝑙 (1 −
𝜔𝜌𝑑

𝑅2𝜌0
) exp (−𝑅2

𝜌0

𝜌𝑑
) + 𝜔𝜌𝑑𝐸𝑚

                (13) 

where 𝑃𝑑 is the detonation pressure, 𝐸𝑚 is the internal energy per unit mass, 𝜌0 is the 

density of the unreacted explosive material, 𝜌𝑑 is the density of the reacted detonation 
products; and  𝐴𝑙 , 𝐵𝑙 , 𝑅1 , 𝑅2  and 𝜔  are the material constants. Behavior of 
detonation products at very high pressures and intermediate pressure is, respectively, 
described by the first and second terms of the equation, Elek et al. (2015) and Giam et 
al. (2020). 
    
3. Results and discussion 
 

To demonstrate a detailed and comprehensive implementation of the designed and 
developed model, we present studies on a square plate as shown in Figure 1. More 
details about the plate can be found in Meena and Sharma (2025). We compute the 
stresses, strains, displacements and PEEQ examine them extensively, to understand the 
role of different material properties and stand-off distance. 

Overall, we present the results as follows: 
- Stresses, strains, displacements and plastic equivalent strain (PEEQ). We 

consider the 5 kg and 7 kg TNT detonations at different heights of: 0.0 m, 0.1 m, 
and 2 m.  

- Case 1: This case deals with ‘mild steel (MS)’ plate of 0.05 m thickness under 
the explosion of 5 kg (Case 1A) and 7 kg (Case 1B) TNT masses, along with 
different stand-off distances.   

- Case 2: This case deals with ‘e-glass fiber (EGF)’ plate of 0.05 m thickness 
under the explosion of 5 kg (Case 2A) and 7 kg (Case 2B) TNT masses, along 
with different stand-off distances.  
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In each case, we compute Von-Mises stresses, strains, displacements and PEEQ in the 
plate. 

 
 

 
  
 

Fig. 1 Basic schematic, convention and plate modeling features adapted from Meena 
and Sharma (2025) 

 
3.1 Maximum Stresses 
Figures 2 to 5 illustrate that the stresses attain their peak values during the 

explosion at a stand-off distance (SoD) of 0.1 m. Table 1 indicates that the composite 
material plate experiences higher localized stresses compared to the mild steel plate. 
This is due to the anisotropic and brittle nature of E-glass fiber composites, and their 
lower Young’s modulus relative to mild steel. For both material plates, the stresses 
induced by the 7 kg TNT charge are greater than those induced by the 5 kg TNT charge. 
It is also observed that the mild steel plate does not exhibit any failure under both 5 kg 
and 7 kg TNT charges, whereas the E-glass fiber plate shows failure for both explosive 
weights.  

As the TNT charge weight increases, higher stress values are observed in both 
materials, along with increased damage in the E-glass fiber plate. It is happening 
because the greater the explosive mass, the higher the intensity of the pressure wave 
impacting the structure. Minimum stress values are observed at an explosive height of 0 
m, while the maximum stresses occur at 0.1 m. Beyond this height, the stresses begin to 
decrease and show negligible effects beyond a stand-off distance (SoD) of 2 m. No 
failure is observed for either material at 0 m and 2 m SoD. 

 
3.1.1 Stress contour in a 50 mm mild steel and e glass fiber plate under 5 kg of 
TNT  
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             (A)                    (B)                    (C) 
 

Fig. 2 Von mises stress contour in the 50 mm mild steel plate, at different heights of 5 
kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

 
    

             (A)                   (B)                     (C) 
 

Fig. 3 Von mises stress contour in the 50 mm e glass fiber plate, at different heights of 
5 kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 
 

3.1.2 Stress contour in a 50 mm mild steel and e glass fiber plate under 7 kg of 
TNT  

 

 

             (A)                   (B)                    (C) 
 
Fig. 4 Von mises stress contour in the 50 mm mild steel plate, at different heights of 7 
kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 
 

    

  

              (A)                    (B)                   (C) 
 

Fig. 5 Von mises stress contour in the 50 mm e glass fiber plate, at different heights of 
7 kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 
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Table 1 List of maximum stresses (Pa) for 50 mm mild steel and e-glass fiber plate, at 
different heights of 5 kg and 7 kg TNT detonations, SoD 0, 0.1, and 2 m 

Explosive Heights (m) 0 0.1 2 

Mild 
Steel 

t=50 mm 5 Kg 1.97e+08 5.59e+08 1.90e+07 

t=50 mm 7 Kg 2.12e+08 6.66e+08 2.27e+07 

E Glass 
Fiber 

t=50 mm 5 Kg 8.65e+07 8.60e+08 2.14e+07 

t=50 mm 7 Kg 1.43e+08 8.26e+08 2.52e+07 

 

3.2 Maximum Strains 

 

Figures 6 to 9 illustrate that the strains attain their peak values during the explosion 
at a stand-off distance (SoD) of 0.1 m. Table 2 shows that the composite material plate 
exhibits higher strain values compared to the mild steel plate, which can be attributed to 
its lower Young’s modulus. For both material plates, the strains induced by the 7 kg TNT 
charge are greater than those induced by the 5 kg TNT charge. Similar to stress results 
here also we observed that the mild steel plate does not exhibit any failure under both 5 
kg and 7 kg TNT charges, whereas the E-glass fiber plate shows failure for both explosive 
weights.  

As the TNT charge weight increases, higher strains values are observed in both 
materials, along with increased damage in the E-glass fiber plate. Minimum strain values 
are observed at an explosive height of 0 m, while the maximum strains occur at 0.1 m. 
Beyond this height, the strains begin to decrease and show negligible effects beyond a 
stand-off distance (SoD) of 2 m. No failure is observed for either material at 0 m and 2 m 
SoD. 

 

3.2.1 Maximum principal strain contour in a 50 mm mild steel and e-glass fiber plate 
under 5 kg of TNT 

 

  (A)                    (B)                    (C) 

Fig. 6 Maximum principal strain contour in the 50 mm mild steel plate, at different heights 
of 5 kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 
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  (A)                    (B)                    (C) 

Fig. 7 Maximum principal strain contour in the 50 mm e glass fiber plate, at different 
heights of 5 kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

3.2.2 Maximum principal strain contour in a 50 mm mild steel and e glass fiber plate 
under 7 kg of TNT 

 

  (A)                    (B)                    (C) 

Fig. 8 Maximum principal strain contour in the 50 mm mild steel plate, at different heights 
of 7 kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

 

  (A)                    (B)                    (C) 

Fig. 9 Maximum principal strain contour in the 50 mm e glass fiber plate, at different 
heights of 7 kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

Table 2 List of maximum principal strains for 50 mm and mild steel and e glass fiber 
plate, at different heights of 5 kg and 7 kg TNT detonations, SoD 0, 0.1, and 2 m  

Explosive Heights (m) 0 0.1 2 

Mild 
Steel 

t=50 mm 5 Kg 1.42e-03 1.89e-01 1.01e-04 

t=50 mm 7 Kg 1.72e-03 3.12e-01 1.20e-04 

t=50 mm 5 Kg 3.20e-02 3.58e+00 3.21e-04 
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E Glass 
Fiber 

t=50 mm 7 Kg 4.15e-02 3.72e+00 3.75e-04 

 

3.3 Maximum Displacement 
 
The deflection profiles of the various steel plates from their center to their fixed edge 

at all applied blast loads are shown below. Similar to stresses and strains results, Figures 
10 to 13 illustrate that the displacements also attain their peak values during the 
explosion at a stand-off distance (SoD) of 0.1 m. Table 3 shows that the composite 
material plate exhibits higher displacements values compared to the mild steel plate, 
which can be attributed to its lower Young’s modulus. For both material plates, the 
displacements induced by the 7 kg TNT charge are greater than those induced by the 5 
kg TNT charge.  

We also observed that the mild steel plate does not exhibit any failure under both 5 
kg and 7 kg TNT charges, whereas the E-glass fiber plate shows failure for both explosive 
weights. As the TNT charge weight increases, higher displacements values are observed 
in both materials, along with increased damage in the E-glass fiber plate. Minimum 
displacements values are observed at an explosive height of 0 m, while the maximum 
displacements occur at 0.1 m. Beyond this height, the displacements begin to decrease 
and show negligible effects beyond a stand-off distance (SoD) of 2 m. No failure is 
observed for either material at 0 m and 2 m SoD. 

 
3.3.1 Displacement contour in a 50 mm mild steel plate and e glass fiber under 5 
kg of TNT 
 

 

  (A)                    (B)                    (C) 

Fig. 10 Displacement contour in the 50 mm mild steel plate, at different heights of 5 kg 
TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

 

  (A)                    (B)                    (C) 
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Fig. 11 Displacement contour in the 50 mm e-glass fiber plate, at different heights of 5 
kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

3.3.2 Displacement contour in a 50 mm mild steel and e glass fiber plate under 7 
kg of TNT 

 

  (A)                    (B)                   (C) 

Fig. 12 Displacement contour in the 50 mm mild steel plate, at different heights of 7 kg 
TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

 

(A)                     (B)                     (C) 

 

Fig. 13 Displacement contour in the 50 mm e-glass fiber plate, at different heights of 7 
kg TNT detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

Table 3 List of maximum displacements (m) for 50 mm mild steel and e glass fiber plate, 
at different heights of 5 kg and 7 kg TNT detonations, SoD 0, 0.1, and 2 m  

Explosive Heights (m) 0 0.1 2 

Mild Steel t=50 mm 5 Kg 2.08e-04 2.35e-02 1.70e-05 

t=50 mm 7 Kg 2.41e-05 3.73e-02 1.47e-05 

E Glass 
Fiber 

t=50 mm 5 Kg 4.09e-03 1.64e+00 5.57e-05 

t=50 mm 7 Kg 5.59e-03 2.06e+00 7.54e-05 

 

 

3.4 Equivalent plastic strain (PEEQ) 
The equivalent plastic strain (PEEQ) is the scalar quantity that represents the 

inelastic deformation behavior of the material. Hence, the PEEQ of the mild steel and 



The 2025 World Congress on 
Advances in Structural Engineering and Mechanics (ASEM25)
BEXCO, Busan, Korea, August 11-14, 2025

  

composite plate thickness 50mm is used for comparison of their stress, strain and 
deformation behavior and is shown in figures 14 and 15. For 5 kg of TNT blast, localized 
deformations were seen in the both materials plates. The deformation zones increase 
with an increase in blast loads, and at a 7 kg TNT blast as shown in figures 16 and 17, 
globalized deformations are seen in the both plates.  

The severe deformation seen is in the central region of the plates and composite 
plate is failing at critical height 0.1 m SoD. Based on the PEEQ contour and Table 4, it 
can be observed that the PEEQ value is lower at an explosive height of 0 m, and no 
significant effect is seen on the plate at a 2 m stand-off distance (SoD), as the explosion 
occurs at a relatively higher distance from the plate. 
 

3.4.1 PEEQ contour in a 50 mm mild steel and e-glass fiber plate under 5 kg of TNT 
 

 
 

(A)                    (B)                    (C) 

Fig. 14 PEEQ contour in the 50 mm mild steel plate, at different heights of 5 kg TNT 
detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 
 

 
 

(A)                    (B)                    (C) 

Fig. 15 PEEQ contour in the 50 mm e glass fiber plate, at different heights of 5 kg TNT 
detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 
3.4.2 PEEQ contour in a 50 mm mild steel and e glass fiber plate under 7 kg of 
TNT 

 

 
 

(A)                    (B)                    (C) 
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Fig. 16 PEEQ contour in the 50 mm mild steel plate, at different heights of 7 kg TNT 
detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 

 
 

  (A)                    (B)                    (C) 

Fig. 17 PEEQ contour in the 50 mm e glass fiber plate, at different heights of 7 kg TNT 
detonations, i.e. (A) At 0.0 m, (B) At 0.1 m, (C) At 2 m 

 
Figure 18 shows that stress, strain, displacement, and PEEQ all are reaching their 

peak values during explosion at a 0.1 m stand-off distance (SoD). The stress, strain, and 
displacement are higher for the composite material plate compared to mild steel plate, 
as we know mild steel has a higher Young's modulus of elasticity than e-glass fiber. 
PEEQ is maximum for mild steel plate for 7 kg TNT explosion above the surface and 
minimum for mild steel plate at 5 kg TNT explosion on it.   

 

 
(A)                       (B)                  (C) 

 

 
              (D)    

 
Fig. 18 (A), (B), (C) and (D) Variation of the maximum stress, strain, displacement and 
PEEQ vs stand-off distance in the 50 mm, mild steel and e-glass fiber plates, at different 
heights of 5 kg and 7 kg TNT detonations, (At 0.0 m, 0.1 m, and 2 m) 

 
Table 4 List of PEEQ for 50 mm mild steel and e glass fiber plate, at different heights of 
5 kg and 7 kg TNT detonations, SoD 0, 0.1, and 2 m 

 

Explosive Heights (m) 0 0.1 2 
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Mild 
Steel 

t=50 mm 5 Kg 3.51e-03 2.63e-01 0.00e+00 

t=50 mm 7 Kg 3.96e-03 3.80e-01 0.00e+00 

E Glass 
Fiber 

t=50 mm 5 Kg 4.10e-02 2.88e-01 0.00e+00 

t=50 mm 7 Kg 4.95e-02 2.89e-01 0.00e+00 

 
3.5 Kinetic Energy, Internal Energy, Pressure plots 
3.5.1 Kinetic Energy (KE) (J) vs Time (s) plots for 50 mm MS and EGF with 5 kg 
and 7 kg TNT 
The variations in the kinetic energy of the mild steel and composite material plates 

are shown in figure 19, for 5 kg and 7 kg TNT loadings at 0.0 m, 0.1 m and 2 m SoD at 
50 mm thickness plate, it is noted that mild steel plate has the smallest kinetic energy at 
all applied blast loads. 

The small kinetic energy of the plate under blast load represents its high rigidity and 
blast resistance. Hence, the use of mild steel for making a protective structure against 
blast loads provides the highest robustness as compared to the e glass fiber plates. The 
maximum kinetic energy of the steel and composite plates was observed in between 0 
to 1 milliseconds for 5, and 7 kg TNT blasts, respectively. It is also noted that the 
maximum kinetic energy values of the plates increase with an increase in the mass of 
TNT for blast loadings. 

These increases in both the times to gain maximum kinetic energy by the plates 
and the maximum kinetic energy of the plates are due to the applied impulse on the 
plates increasing with an increase in explosive charge for blast loadings. After the first 
decay in the kinetic energies of the plates, non-linear fluctuations in the kinetic energies 
appear. This happens because of the spring-back effects of the plates due to their 
elasticity. The fluctuation in kinetic energy is influenced by the properties of the material, 
such as strength, density, and reaction to blast loads Patel and Patel (2025). It is 
observed that the mild steel and composite plates show a higher rise in kinetic energy 
after the first drop in kinetic energy in case of 7 kg explosion compared to 5 kg explosion 
on both materials plate. 

This is due to their high pressure wave impact at higher explosive weight. After 
several fluctuations, the kinetic energy of the modelled steel plates approaches zero 
approximately 1 millisecond after the blast. However, in the case of the composite 
material, the kinetic energy does not reduce to zero. Hence, the deflections and 
deformations of the plates are compared for this instant of time by considering that the 
plates are stable after this period and that they are permanently deformed. 

 
 

 
(A)                    (B)                    (C) 
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          (D) 

 
Fig. 19 (A), (B), (C) and (D) variation of the KE vs Time in the 50 mm, mild steel and e-
glass fiber plates respectively, at different heights of 5 kg and 7 kg TNT detonations, (At 
0.0 m, 0.1 m, and 2 m) 

 

3.5.2 Internal Energy (IE) (J) vs Time(s) plots for 50 mm MS and EGF with 5 kg 
and 7 kg TNT 

The time-dependent energy absorption behaviours of various steel plates are 
illustrated in Figure 20 for all blast loadings. This is due to the deformation of the plates 
continuing up to this period. The internal energy variation gains a steady state after 
approximately 1 milliseconds of TNT blast. The internal energies of the steel plates are 
the sum of their strain energy, artificial strain energy, and plastic dissipation energy. The 
artificial strain energy generated due to reduced integration used during numerical 
analysis. A more non-linear behaviour of energy absorption curves is seen for the mild 
steel plate due to their higher stiffness, which causes these plates to oscillate after the 
blast wave strikes them. These reductions in energy absorption are observed due to their 
smaller deformations under the same blast conditions. Similar pattern we observed in e-
glass fiber plate also but in the case of e-glass fiber plate, the plate is failing because 
even though the values follow a similar pattern the values exceed their limiting values.. 

The deformations of the plates increase with high blast loads. However, the plates’ 
internal energy increased with an increase in blast load intensity. Due to the lower 
young’s modulus of composite, it deforms the most, and its internal energy is the highest 
as compared to the mild steel plates for the same blast load.  

The deformation of the plates increases with an increase in the mass of TNT. It is 
also noted that the centre of the plates deforms the most, and the plate deformation 
gradually decreases with the radial distance from the plate centre. This is due to the 
intensity of overpressure on the plate varying in this pattern (Patel and Patel 2024). Each 
steel plate’s out-of-plane deformation was boosted to increase the intensity of the blast 
load. The inelastic stretching and out-of-plane bending of the plate are the major 
deformation modes for the modelled steel plates.  

It is also observed that the increase in blast load intensity increases the maximum 
kinetic energy, radial deflection, and internal energy of the designed plate. 

 



The 2025 World Congress on 
Advances in Structural Engineering and Mechanics (ASEM25)
BEXCO, Busan, Korea, August 11-14, 2025

  

 

(A)                    (B)                    (C) 
 

 
               (D) 
 
Fig. 20 (A), (B), (C) and (D) variation of the IE vs Time in the 50 mm, mild steel and e-
glass fiber plates respectively, at different heights of 5 kg and 7 kg TNT detonations, (At 
0.0 m, 0.1 m, and 2 m) 

 

3.5.3 Pressure (Pa) vs Time (s) plots for 50 mm MS and EGF with 5 kg and 7 kg 
TNT 
A comparison of pressure time history for mild steel and e-glass fiber plates is 

shown in Fig. 21 for all blast loadings. The pressure variation also increases as explosive 
mass increases for both materials plates. The maximum pressure variation occurs at an 
explosive height of 0.1 m, while the minimum is observed at 2 m from the plate. It is 
observed that pressure is becoming zero at 0 m SoD after 0.0005 second and at 0.1 m 
SoD after 0.0004 second time for both the materials following the detonation of the 
explosive. At 2 m SoD, the pressure remains zero until 0.0011 seconds, after which it 
begins to increase slightly and later becomes nearly zero again for both the steel and 
composite plates. 

At an explosive height of 2 m, the pressure is zero because the explosion occurs 2 
m away from the plate in the positive Z-direction from the plate surface. Following the 
explosion, the pressure propagates in the form of an impact wave toward the plate 
surface, requiring a certain amount of time to reach it. So particularly in this case initially 
pressure is zero at the surface of the plate for short time duration.      

 

 
(A) (B)                   (C) 
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(D)            
          

Fig. 21 (A), (B), (C) and (D) variation of the pressure vs time in the 50 mm, mild steel 
and e-glass fiber plates respectively, at different heights of 5 kg and 7 kg TNT 
detonations, (At 0.0 m, 0.1 m, and 2 m) 

 

4. CONCLUSIONS 
In this study, the blast resistance of steel and e-glass fiber plates was characterized 

under extreme air-blast loadings. Major findings obtained from this numerical 
investigation are: 

• In the same model and boundary conditions mild steel is safe but e-glass fiber plate is 
failing at peak explosive height 0.1 m from the plate in positive z direction above the 
plate surface. 

• Mild steel is having high modulus of elasticity, so it’s showing less deformation in 
comparison to e-glass fiber material plate. 

• As we increases explosive mass of TNT, material’s deformation properties like stress, 
strain, displacement and equivalent plastic strain increases.  

• We observed that kinetic energy, internal energy and pressure also showing similar 
pattern while increasing explosive mass. 

• Equivalent plastic strain is zero at 2 m explosive height. 

• A drastic drop in peak overpressure, kinetic energy, deflection, and internal energy 
absorption of the plate was seen with a rise in the explosive height after peak height 
0.1 m.  

 
We have not attempted a detailed analysis of exploring the direct relationships among 
different material properties, amount of the TNT blast, and failure. Our future work will go 
in this direction and currently this is under investigation. 
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