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ABSTRACT: Explosive breaching is widely used to rapidly disable door-lock systems in military and emergency operations. This 

study investigates the structural response and failure behavior of door-lock systems subjected to explosive breaching charges, using 

a combination of numerical simulations and experimental validation. A three-dimensional numerical model was developed using 

explicit dynamic analysis to simulate the interaction between a C4 explosive charge and a steel door-lock system. The influence of 

structural thickness was examined for three configurations (2 mm, 3 mm, and 4 mm). The results show that the explosive loading 

generates extremely high stress levels, with peak von Mises stress reaching approximately 600–700 MPa, which is significantly 

higher than the yield strength of CT3 steel (235 MPa). This leads to rapid plastic deformation and structural failure. Increasing the 

thickness of the door-lock system reduces both deformation and stress concentration; however, failure still occurs in all cases. The 

results indicate that thickness primarily affects the severity of damage rather than preventing failure under the given loading 

conditions. Experimental tests were conducted to evaluate detonation reliability and breaching effectiveness. The explosive charge 

was successfully initiated in all tests, and all door-lock systems were effectively destroyed, confirming the breaching capability of 

the proposed design. The experimental observations show good qualitative agreement with the numerical predictions. Overall, the 

study provides insight into the role of structural parameters in explosive breaching and demonstrates that increasing thickness 

improves resistance but does not eliminate failure. 

KEYWORDS: Explosive breaching; door-lock system; explicit dynamic analysis; structural failure; thickness effect. 

 

I. INTRODUCTION 

Explosive breaching is a critical technique widely employed 

by military units, special operations forces, and rescue teams 

to rapidly penetrate physical barriers such as doors and walls, 

enabling immediate access to confined spaces in emergency 

or urban combat scenarios [1–3]. Compared with mechanical 

or ballistic breaching methods, explosive breaching offers 

significant advantages in terms of speed, effectiveness, and 

the ability to overcome heavily reinforced structures. 

The primary objective of explosive breaching is to disable 

key structural components of a barrier, particularly locking 

mechanisms and hinges. Various types of explosive charges 

have been developed for this purpose, including donut 

charges, linear charges, and push charges, each tailored to 

specific operational requirements [1]. For high-resistance 

doors classified under resistance classes (RC II–IV), which 

incorporate multiple active and passive locking points 

distributed along the frame, the destruction of a single locking 

cylinder is insufficient to achieve full access. Previous studies 

have suggested the use of upgraded or sealed linear charges 

placed along the entire edge of the door to simultaneously 

disengage all locking points, thereby improving breaching 

efficiency. 

In addition to charge configuration, the structural 

characteristics of the target significantly influence the 

breaching outcome. For metallic doors, internal compositions 

such as polystyrene foam, polyurethane, or mineral wool 

cores, together with the thickness of steel layers, play an 

important role in determining deformation behavior and 

resistance to explosive loading [2]. Therefore, understanding 

the interaction between explosive loads and structural 

parameters is essential for optimizing breaching performance. 

The effects of explosive loading on materials vary depending 

on their mechanical properties and structural configurations. 

For concrete and masonry structures, contact charges 

generate extremely high pressures that produce localized 

crushing (brisance) and form a crater on the front surface [5]. 

The resulting stress waves propagate through the material 

thickness and reflect from the rear surface, generating tensile 

stresses that lead to spalling and fragmentation [3]. A 

successful breach occurs when the front crater and rear spall 

region intersect. Numerical tools such as AUTODYN and 

XPLOSIM have been widely used to predict crater depth and 

breach dimensions based on explosive mass and geometry 

[2,5,6]. Moreover, previous studies have demonstrated that 
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optimizing the ratio between charge diameter and thickness 

can significantly enhance breaching efficiency compared to 

merely increasing explosive mass [5]. 

For metallic materials, explosive loading induces high-strain-

rate deformation and can accelerate metal fragments to 

extremely high velocities. In shaped charges or explosively 

formed penetrators (EFP), chemical energy is converted into 

kinetic energy, forming high-velocity metal jets capable of 

penetrating steel targets [7,8]. The effectiveness of such 

processes is commonly characterized by the Gurney velocity, 

which represents the maximum velocity imparted to metal 

fragments or liners by a given explosive [9,10]. Although 

breaching charges differ from shaped charges in 

configuration, similar physical principles govern the 

interaction between explosive energy and metallic structures. 

Despite the extensive body of research on explosive effects in 

concrete and metallic targets, studies focusing specifically on 

door-lock systems remain limited, particularly in terms of the 

influence of structural parameters such as thickness on failure 

behavior. Furthermore, experimental investigations in this 

field are often constrained by safety and measurement 

limitations, leading to simplified validation approaches. 

In this study, a parametric numerical investigation is 

conducted to analyze the deformation and failure behavior of 

door-lock systems subjected to explosive breaching charges. 

The Effect of target thickness is systematically examined 

through simulations using explicit dynamic analysis. In 

addition, experimental observations are employed to validate 

the numerical predictions based on a binary classification of 

failure and non-failure. The results of this study provide 

insights into the relationship between structural parameters 

and breaching effectiveness, contributing to the design and 

optimization of explosive breaching systems. Unlike previous 

studies focusing on penetration or complete structural 

resistance, this study emphasizes the role of thickness in 

controlling damage severity under explosive breaching 

conditions. 

II. NUMERICAL MODE

A. Geometry and configuration 

A three-dimensional numerical model was developed to 

simulate the interaction between an explosive breaching 

charge and a door-lock system. The breaching device consists 

of an explosive charge (C4), a casing, and a protective cover 

made of ABS plastic. The geometric model of the breaching 

device was created using CAD software and imported into the 

simulation environment (Figure 1). 

The target structure represents a door-lock system made of 

CT3 steel. To investigate the effect of structural parameters 

on failure behavior, three different thicknesses were 

considered: 2 mm, 3 mm, and 4 mm. 

 
Fig. 1. Numerical model of the explosive breaching charge and door-lock system 

 

B. Material models 

The explosive material was modeled as C4 using a high-

explosive model to capture detonation behavior and pressure 

generation. The casing and protective components were 

modeled as ABS plastic, which primarily serve as structural 

support. 

The door-lock system was assumed to be made of CT3 steel 

and modeled as an elastic–plastic material. The material 

properties allow the evaluation of deformation and stress 

evolution under high-strain-rate loading conditions (Table 1). 

 

Table 1. Material properties used in the numerical simulation 

Material Density (kg/m³) Young's modulus (GPa) Yield strength (MPa) Model 

C4 1600 – – High explosive (JWL) 

ABS 1050 2.0 40 Elastic 
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Material Density (kg/m³) Young's modulus (GPa) Yield strength (MPa) Model 

CT3 steel 7850 210 235 Elastic–plastic 

 

C. Mesh and numerical discretization 

The computational domain was discretized using a finite 

element mesh. A finer mesh was applied in regions near the 

explosive charge and the contact interface with the door-lock 

system to ensure accurate capture of stress waves and 

deformation gradients (Figure 2). 

 
Fig. 2. Finite element mesh of the numerical model 

 

D. Boundary and initial conditions 

The detonation point was defined at the location of the 

detonator embedded within the breaching charge. Upon 

initiation, a high-pressure wave is generated and propagates 

toward the door-lock system. 

Contact interactions between the explosive charge and the 

target surface were defined to ensure realistic transmission of 

pressure and momentum. The surrounding boundaries were 

assumed to allow free deformation of the structure under 

explosive loading (Figure 3). 

 
Fig. 3. The detonation point of the numerical model 

 

E. Failure criterion 

The failure behavior of the door-lock system under 

explosive loading was evaluated based on the equivalent 

stress and deformation response of the material. Due to the 

high-strain-rate nature of explosive events, the von Mises 

yield criterion was adopted as a suitable measure to assess the 

onset of plastic deformation in ductile metals. 

According to the von Mises criterion, yielding occurs when 

the equivalent stress reaches the yield strength of the material: 

( ) ( ) ( )
2 2 2

1 2 2 3 3 1

1

2
eq y        = − + − + − 

 
 

 

where:  
eq is the equivalent (von Mises) stress; 

1 ,
2 ,

3  are the principal stresses, and 
y is the yield strength of the material 
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For CT3 steel, yielding is assumed to initiate when the 

equivalent stress exceeds the yield strength, indicating the 

transition from elastic to plastic behavior. Under explosive 

loading conditions, this transition is typically followed by 

rapid plastic deformation and potential structural failure. 

In addition to the stress-based criterion, deformation was also 

considered as an indicator of failure. Excessive deformation 

implies loss of structural integrity and functional failure of the 

locking mechanism. Therefore, a combined failure criterion 

was adopted in this study: the door-lock system is considered 

to fail when the equivalent stress exceeds the yield strength 

and the deformation reaches a critical level associated with 

structural instability. 

 

This approach enables a practical evaluation of failure 

behavior and provides a direct basis for comparison with 

experimental observations, where the results are classified 

into failure and non-failure categories. 

The simulations were performed using an explicit dynamic 

analysis approach, which is suitable for modeling high-strain-

rate events such as explosions. 

Time-dependent responses, including total deformation, 

equivalent elastic strain, and von Mises stress, were extracted 

for further analysis. These results are used to evaluate the 

dynamic response of the door-lock system and the influence 

of thickness on failure behavior. 

 

III. RESULTS AND DISCUSSION  

A. Baseline case: 2 mm door-lock system 

The baseline configuration with a thickness of 2 mm 

exhibits the most severe structural response under 

explosive loading. 

Immediately after detonation, a high-pressure shock wave 

is generated and propagates toward the door-lock system, 

resulting in rapid deformation over a very short time scale 

(10⁻⁵ - 10⁻⁴ s). This rapid response reflects the impulsive 

nature of explosive loading, in which a large amount of 

energy is transferred over a short period (Figure 4). 

 
Fig. 4. Time history of total deformation for the 2 mm door-lock system 

 

The von Mises stress distribution (Figure 5) shows that the 

peak stress is approximately 600–700 MPa, which is 2.5–

3 times the yield strength of CT3 steel (235 MPa). 

 

Fig. 5. Distribution of von Mises stress for the 2 mm door-lock system at peak loading condition 
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Furthermore, the stress and deformation fields are highly 

localized near the contact region between the explosive 

charge and the lock. This suggests that the failure 

mechanism is governed by localized shear and bending, 

rather than uniform deformation.  

The strong localization of stress is attributed to the direct 

contact detonation, which generates highly concentrated 

pressure and steep stress gradients in the target material. 

B. Effect of thickness on structural response 

The influence of thickness on structural response is clearly 

demonstrated in Figures 6–8. 

As the thickness increases from 2 mm to 3 mm and 4 mm, 

both deformation and stress levels decrease noticeably. 

This trend can be explained by the increased stiffness and 

load-bearing capacity of thicker structures, which reduces 

the amplitude of stress waves and limits deformation. 

For the 3 mm configuration, the maximum stress is 

reduced compared to the baseline case, but still exceeds 

the yield strength in localized regions. This indicates that 

plastic deformation still occurs, although the severity of 

damage is reduced. 

For the 4 mm configuration, the structural response is 

further attenuated. The deformation is significantly lower, 

and the stress distribution becomes less localized. 

However, the peak stress still approaches or exceeds the 

yield strength in critical regions. 

 
Thicknesses of 2 mm 

 
Thicknesses of 3 mm 

 
Thicknesses of 4 mm 

Fig. 6. Comparison of deformation distribution for different thicknesses (2 mm, 3 mm, and 4 mm)  
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Thicknesses of 2 mm 

 
Thicknesses of 3 mm 

 
Thicknesses of 4 mm 

Fig. 7. Comparison of equivalent elastic strain for different thicknesses (2 mm, 3 mm, and 4 mm)  
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Thicknesses of 2 mm 

 
Thicknesses of 3 mm 

 
Thicknesses of 4 mm 

Fig. 8. Comparison of stress distribution for different thicknesses (2 mm, 3 mm, and 4 mm)  
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Table 2. Summary of numerical results 

Thickness (mm) Peak stress (MPa) Relative to yield Deformation level Failure 

2 ~700 ~3σy Severe Yes 

3 ~650 ~2.8σy Moderate Yes 

4 ~600 ~2.5σy Limited Yes 

These results (Table 2) indicate that increasing thickness 

reduces the severity of damage but does not prevent failure 

under the considered explosive loading conditions. 

 

C. Time-dependent response and physical interpretation 

The time-history results (Figures 9–11) provide deeper 

insight into the dynamic response of the system. 

The stress-time curves show that peak stress occurs 

immediately after detonation, corresponding to the arrival 

of the primary shock wave. This is followed by a rapid 

decrease as the stress wave propagates and dissipates. 

The oscillations observed in the stress curves are 

associated with wave reflections within the structure, 

which are more pronounced in thinner configurations. 

 
Fig. 9. Time history of average Von Mises stress for different thicknesses 

 

Fig. 10. Time history of the maximum von Mises stress for different thicknesses  
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Fig. 11. Time history of average total deformation for different thicknesses

In contrast, deformation continues to increase even after the 

peak stress has been reached. This indicates that Plastic 

deformation accumulates after the initial shock loading, 

governing the final failure state of the structure. 

Additionally, thicker configurations exhibit smoother stress-

time curves, indicating reduced wave intensity and better 

energy absorption capacity. 

To further quantify the Effect of thickness, the peak von 

Mises stress and maximum deformation values were 

extracted from the simulation results. 

The results show that increasing the thickness from 2 mm to 

4 mm leads to a noticeable reduction in both stress and 

deformation. Specifically, the peak stress decreases from 

approximately 700 MPa (2 mm) to around 600–650 MPa (4 

mm), indicating a reduction of about 10–15%. 

Similarly, the maximum deformation decreases with 

increasing thickness, confirming that thicker structures are 

more effective at dissipating the energy of the explosive load. 

However, despite this reduction, the stress levels in all cases 

still exceed the yield strength of the material, resulting in 

structural failure. This quantitative analysis further confirms 

that thickness influences the severity of damage rather than 

preventing failure.

D.  Discussion 

The results demonstrate that a combination of stress 

concentration and plastic deformation mechanisms governs 

the failure behavior of the door-lock system. 

The baseline case (2 mm) exhibits severe stress concentration 

and large deformation, leading to rapid and extensive 

structural damage. Increasing thickness significantly reduces 

stress intensity and deformation magnitude, indicating 

improved structural resistance. 

However, the results clearly show that all configurations (2 

mm, 3 mm, and 4 mm) still experience failure under the given 

explosive loading conditions. This suggests that, for the 

considered charge configuration, structural thickness alone is 

insufficient to prevent failure. 

Instead, thickness primarily affects: the severity of damage, 

the extent of plastic deformation, and the distribution of 

stress. 

Therefore, thickness acts as a mitigating parameter rather 

than a failure-controlling parameter in explosive breaching 

scenarios. 

IV. EXPERIMENTAL VALIDATION 

A. Experimental setup 

Experimental tests were conducted to evaluate the 

detonation reliability and breaching effectiveness of the 

proposed explosive charge. 

Three types of detonators were employed, including a No. 

8 electric detonator, a pre-assembled ignition system, and a 

connected ignition system. A total of six explosive charges 

were tested. The experiments were carried out at the testing 

field of the Special Forces Officer College. 

The explosive charge was mounted directly onto the door-

lock system using adhesive material to ensure proper contact 

between the charge and the target. The detonation was 

initiated either a remote control system or a direct electrical 

source. 

 

 

 

-2

0

2

4

6

8

10

0.00E+00 2.00E-05 4.00E-05 6.00E-05 8.00E-05 1.00E-04 1.20E-04

A
ve

ra
ge

 o
f 

to
ta

l d
ef

o
rm

at
io

n
 (

m
m

)

Time (s)

2mm 3mm 4mm



“Evaluation of Injection Machine Performance Using Overall Equipment Effectiveness (Oee): A Case Study in A 

Footwear Manufacturing Plant” 

9364                                                                          Van Hung Nguyen1, ETJ Volume 11 Issue 04 April 2026 

          

Fig. 12. Installation of the explosive charge on the door-lock system 

  

B. Detonation reliability 

The experimental results show that all detonators operated 

reliably. In all tests, the explosive charge was successfully 

initiated, and complete detonation of the explosive material 

was achieved. 

The observed detonation delay time was within the 

acceptable range of approximately 5–7s, indicating stable 

ignition performance. No misfires or incomplete detonations 

were observed during the experiments. 

C.  Breaching performance 

The effectiveness of the explosive charge was evaluated 

based on the observed damage to the door-lock system after 

detonation. 

 
Fig. 13. Door-lock system after explosive loading 
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The results indicate that the explosive charge was capable 

of destroying the door-lock system in all tested cases. The 

lock mechanisms were completely disabled after detonation, 

confirming the effectiveness of the breaching device under 

practical conditions. 

Although quantitative measurements such as deformation 

or stress were not directly recorded in the experiments, the 

observed structural damage provides qualitative evidence of 

failure. 

D. Comparison with numerical results 

A comparison between the numerical predictions and 

experimental observations was performed to assess the 

validity of the simulation model (Table 3). 

 

Table 3. Comparison between numerical predictions and experimental results 

Thickness (mm) Deformation level Predicted failure Experimental result 

2 Severe Yes Yes 

3 Moderate Yes Yes 

4 Limited Yes Yes 

The numerical results indicate that increasing the thickness 

reduces both deformation and stress levels, while failure still 

occurs in all cases. This trend is consistent with the 

experimental observations, where all tested locks were 

successfully destroyed. 

The agreement between simulation and experiment 

demonstrates that the numerical model is capable of capturing 

the overall breaching behavior. In particular, both approaches 

confirm that the explosive charge is sufficient to cause 

structural failure, while structural thickness primarily 

influences the severity of damage rather than preventing 

failure. 

V. CONCLUSIONS 

This study investigated the deformation and failure 

behavior of door-lock systems subjected to explosive 

breaching charges through numerical simulation and 

experimental validation. 

The main conclusions are summarized as follows: 

Explosive loading generates a rapid, high-intensity stress 

wave, resulting in peak von Mises stress of approximately 

600–700 MPa, which significantly exceeds the yield strength 

of CT3 steel and causes immediate plastic deformation.  

The structural response is highly localized near the 

explosive contact region, indicating that failure is dominated 

by localized stress concentration and deformation 

mechanisms.  

Increasing the thickness of the door-lock system reduces 

both stress levels and deformation magnitude, demonstrating 

improved structural resistance to explosive loading.  

Despite this reduction, all configurations (2 mm, 3 mm, 

and 4 mm) still experience structural failure under the given 

explosive conditions. This indicates that thickness alone is 

insufficient to prevent failure.  

Structural thickness primarily influences the severity of 

damage, rather than determining whether failure occurs.  

Experimental results confirm the reliable detonation of the 

explosive charge and demonstrate that all tested door-lock 

systems were successfully destroyed, showing good 

qualitative agreement with numerical predictions.  

Overall, the proposed numerical approach provides a 

useful framework for analyzing explosive breaching 

performance. At the same time, the findings highlight the 

importance of considering structural parameters in the design 

and evaluation of breaching systems. The findings of this 

study can serve as a reference for the design and optimization 

of explosive breaching devices in practical applications. 
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