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Abstract. In this study, impact problems of projectile are investigated using meshless 

peridynamics analysis. Two impact cases of rigid projectiles having different stiffness values 

against aluminum target are examined numerically. The problems are simulated in LAMMPS 

software environments. For each case, numerical parameters affecting perforation patterns of 

target body are discussed in detail. This work focuses on the effects of numerical parameters of 

indenter stiffness (k) and critical bond stretch parameter alpha on the perforation patterns of the 

target for various impact velocities. Numerical results show that larger perforation is produced 

with the increase of k value of indenter. In addition, it is observed that the impacted plate 

appears to be more deflected, if greater value of α is employed.   
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1. Introduction 

Fracture of solids is main concern in engineering and industrial applications. Such material 

failure is important because integrity of a structure or component during its service is affected 

by the event of failure [1-3]. Amongst modes of failure is fracture due to impact, which is 

mainly characterized by collision particularly with an indenter of high speed. From numerical 

viewpoint, simulation of fracture is a challenging task. This is due to the fact that the initiation 

site/time of failure and failure direction in a material need to be determined accurately. On the 

other hand, how to realistically and efficiently simulate the material failure is difficult as well. 

In finite element (FE), process of re-meshing is frequently needed to adapt with new 

configuration of structure due to the failure. Obviously, the task would be cumbersome and 

time consuming [4]. Recently, a class of numerical techniques called as meshfree methods is 

intensively pursued for efficient modeling of fracture of materials [5-8]. 

 

In this study, impact problems of projectile are investigated using meshless peridynamics 

analysis. Two impact cases of rigid projectiles having different stiffness values against 

aluminum target are examined numerically. The problems are simulated in LAMMPS [9]. For 

each case, numerical parameters affecting perforation patterns of target body are discussed in 

detail. This work focuses on the effects of numerical parameters of indenter stiffness (k) and 

critical bond stretch parameter (α) on the perforation patterns of the target.    
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2. Materials and Methods 

In classical continuum mechanics, differential notion is extensively used to represent 

equilibrium condition of media under the influence of forces/displacements exerted to it. 

Peridynamics is a reformulation of the classical continuum mechanics equations having a 

distinct advantage in treating discontinuities in solids. By employing non-local interaction 

concept, peridynamics resorts to formulation based upon integration rather than 

differentiation. As a result, it can naturally handle fracture events without necessity to use 

deformation gradients [10-13].    
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where: Ω is the problem domain, ρ is material density, f is the pairwise force function in 

peridynamic bond connecting material points x̂ and x, u and u  are the displacement and 

acceleration vector, respectively, b is the body force, t and t0 are time and initial time, 

respectively, Hx is horizon region, a local region in which the integral is defined. In addition, 

δ is defined as radius of the region, commonly taken as circle/disk in 2D or sphere in 3D. 

 

Furthermore, a pairwise potential   exists for a microelastic material such that:   
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where: ˆ = −x x  is the relative position and ( ) ( )ˆ, ,t t= −u x u x is the relative displacement. 

 

The micropotential is defined as:  

( ) 21
,

2
cs  =      (3) 

s
 



−
=
−

     (4) 

where: c constant and s bond stretch or strain. 

 

Noting that with K the bulk modulus and δ the horizon, c for 3D models is given by: 
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Damage is defined as breakage of material bonds. For a prototype microelastic brittle (PMB) 

material, the pairwise function is given by:  
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where: μ is the history-dependent scalar boolean function. ( )0 , ,s t   is a critical stretch, determined 

by parameters of critical bond stretch s00 and α, such that:  

( ) ( ) ( ) ( )0 00 min min, , , , , min , ,s t s s t s t s t
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IC-DAEM 2018

IOP Conf. Series: Materials Science and Engineering 547 (2019) 012019

IOP Publishing

doi:10.1088/1757-899X/547/1/012019

3

3. Results and Discussion 

Aluminum cylindrical plate impacted by a rigid sphere indenter is considered in this study. 

The indenter is located at 0.0051 m from the plate and its velocity is varied from 200 to 400 

m/s. Material properties for the aluminum plate are given in Table 1 below. For plotting the 

simulation results, OVITO [14] and MATLAB [15] soft-wares are employed. 

Table 1. Properties of aluminum plate and parameters of simulation 
Properties/parameters Values 

Density (ρ) 2700 kg/m3 

Bulk modulus (K) 69E9 Pa 

Poisson ratio (ν) 0.33 

Fracture toughness (KIc) 24 MPa√m 

Horizon (δ) 0.0015 

Critical bond stretch parameter 1 (s00) 0.00627 

Critical bond stretch parameter 2 (α) 0.0 and 0.25 

Indenter stiffness k 1E17 and 1E12 

Time step 1E-7 sec 

    

3.1. Influence of parameter k 

Simulation results of perforation patterns on the plate are presented in Fig. 1. The stiffness 

value k is set to be 1E17, and two α values as given in Table 1 are employed.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 
                                                                

Fig. 1. Perforation patterns on the plate with: (a) α = 0, and (b) α = 0.25, taken at 

simulation steps of 1000 and 1800, respectively (velocity = 300 m/s and k = 1E17). 

. 

 Fig. 2 shows the results of perforation patterns on the plate with the stiffness value k is set to 

be 1E20. Hence, the current indenter is harder than the previous one. From the results, it is 

seen that greater k value gives larger impact and perforation, for the same impact velocity.  

(a) 

(b) 
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Fig. 2. Perforation patterns on the plate with: (a) α = 0, and (b) α = 0.25, taken at 

simulation steps of 1000 and 1800, respectively (velocity = 300 m/s and k = 1E20). 

. 

 In addition, development of pressure during the simulation steps for various values of 

velocities and α is shown in Fig. 3. Note that the results are consistent with respect to the 

increase of k value. 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Pressure during time steps for various impact velocities and α values with: (a) k = 1E17, 

and (b) k = 1E20. 

. 

 
 

3.2. Debris development 

Development of debris from step to step is presented as well here, as shown in Figs. 4-7. The 

obtained results consistently show that greater debris development is obtained with the 

increase of indenter stiffness value. Moreover, more interesting discussion may be casted 

concerning with the influence of parameter α to perforation development, as in the following 

section.  

 

(a) 

(b) 

  

  

  (a) (b) 
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Fig. 4. Debris development at several simulation steps: (a) 200, (b) 800, (c) 1400, 

and (d) 1600 (the impact velocity = 300 m/s, α = 0, k = 1E17). 

. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

                                                                

Fig. 5. Debris development at several simulation steps: (a) 200, (b) 800, (c) 1400, 

and (d) 1600 (velocity = 300 m/s, α = 0, k = 1E20). 

. 

 

 

(a) (b) 

(d) (c) 

  

  

(a) (b) 

(d) (c) 
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Fig. 6. Debris development at several simulation steps: (a) 200, (b) 800, (c) 1400, 

and (d) 1600 (the impact velocity = 300 m/s, α = 0.25, k = 1E17). 

. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                

Fig. 7. Debris development at several simulation steps: (a) 200, (b) 800, (c) 1400, 

and (d) 1600 (velocity = 300 m/s, α = 0.25, k = 1E20). 

. 
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3.3. Influence of parameter 

α  

Observing the obtained simulation results, it can be said that while larger perforation and 

range of debris is produced with the increase of k value of indenter, the variation of parameter 

α seems to give somewhat different effects on the debris intensity. For lower k value, debris is 

observed to be more localized near the plate for greater α, as shown by Figs. 4 and 6. On the 

other hand, for higher value of k, debris is more localized near the plate for lower value of α 

(α = 0), as depicted in Figs. 5 and 7.  

 

Apart from that, nonetheless, consistent results are observed by increasing α value that the 

impacted plate appears to be more deflected. This observation can be seen by checking the 

shape of impacted plate at the final time step, as shown by Figs. 6 and 7, and Fig. 8 below.  
 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

                                                                

Fig. 8. Fracture surface and shape of the impacted plate at time step of 2000 for: (a) α = 0, and (b) α 

= 0.25 (velocity = 300 m/s and k = 1E20). 

. 

 
4. Conclusions 

In this study, analysis of peridynamics has been presented for impact problems of projectile 

on aluminum target. Effects of indenter stiffness (k) and critical bond stretch parameter (α) on 

the produced perforation patterns are discussed for various impact velocities. Numerical 

results show that larger perforation is produced with the increase of k value of indenter. In 

addition, it is observed that the impacted plate appears to be more deflected, if greater value 

of α is employed. Evaluation of impact problems with different projectile characteristics 

would be subjects of future study.   
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