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The purpose of this study is to simulate the penetration of shaped charge in discrete concrete targets
using LS-DYNA and ANSYS-AUTODYN and compare the results. For this purpose, the simulation
process for one of the experimental results is performed and the results obtained from both software
are validated. Finally, the results of two software in the fields of jet velocity, penetration depth, entry

diameters, middle and exit crater, and run time are compared. Application of the ALE method for jet
elements and the RHT concrete model to simulate the concrete behavior at high strain rates yielded  keywords:

good results. Differences in numerical solution method and command differences in the interaction Shaped charge
of the Lagrangian and Eulerian elements in two software caused the depth of penetration in ANSYS-
AUTODYN to be less than the LS-DYNA and the diameters of entry, middle and exit crater in ANSYS-
AUTODYN become larger than the LS-DYNA and closer to the experimental results. The results of ~Numerical analysis

LS-DYNA, ANSYS-AUTODYN

Discrete concrete targets

the two software are in good agreement with the experimental results. Continuous concrete was also
simulated and it was found that the penetration depth of discrete concrete was lower than continuous

concrete.

1- Introduction

A cone-shaped container filled with explosives at one
end and a detonator at the other end is called shaped charge.
The shaped charges show a remarkable penetration in
targets and a remarkable penetration-to-destruction ratio,
as well. In peaceful applications, shaped charges are used
for excavation, while in military applications, they are used
against safe structures and various types of armors.

Concrete is widely used for the construction of safe
structures. One of the methods to secure these structures
is to use discrete concrete structures. Therefore, the need
to analyze and secure these structures against impact and
penetration has been considered.

Previous studies have shown that discrete targets are
more durable against high-velocity projectiles and result in
a lower penetrated depth compared to the uniform targets
[1,2]. However, the velocity of the projectile in these studies
is much lower than the shaped charge, and a few studies
have been performed in this field.

The purpose of this study is to compare the results of
the analysis of the formation and penetration of the shaped
charge in discrete concrete targets using LS-Dyna and Ansys-
Autodyn software. So far, various models such as RHT and
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Johnson-Holmquist models have been proposed to simulate
the behavior of concrete at high strain rates. Each of these
models has shown acceptable results in various studies.

In order to validate the simulation results, the experimental
results of Wang et al. [3] were used and then, considering the
existing relations for cut-off velocity, important parameters
in the study of the shaped charge penetration process
(including penetration depth, crater diameter of the hole, and
jet tip velocity) have been examined and compared.

2- Numerical Simulation

Regarding the axial symmetry in the geometry of the
shaped charge and target, the problem is modeled as s
2D case with axial symmetry to reduce significantly the
calculation and runtime duration. ALE elements have
also been used to simulate explosives, liners, and the air.
The advantage of using the ALE elements rather than the
Eulerian ones is the deformation of the elements, which
reduces the displacement of the material and the solving
duration [4]. Concrete target clements are also defined as
Lagrangian ones. Table 1 shows the strength model and the
considered equation of state of different components of the
shaped charge in the two software.

Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article
o NG is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information,

please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.

939



H. Mehmannavaz et al., Amirkabir J. Mech. Eng., 53 (Special Issue 6) (2021) 939-942, DOI: 10.22060/me;j.2020.18593.6857.

Sl !
Fig. 1. Setup of the test [3]

3- Results and Discussion

In order to validate the simulations, the experimental
results Wang et al.’s study [3] were used. Fig. 1 shows the
setup of Wang et al.’s experimental study, and Fig. 2 shows
the penetration in the first target. The jet tip velocity at the
moment of touching the target, hole diameter, and penetration
depth are compared in Table 1. To calculate the penetration
depth, the simulation is stopped right at the moment that the
jetreaches the cut-off velocity. Using the results of Murphy’s
study [5], the cut-off velocity of copper penetration in the
concrete is 1430 m/s.

In addition to the penetration depth, some other parameters
are also important. Among these parameters are the diameter
of the entry, the middle, and the output diameters. As can
be seen in Table 1, Ansys-Autodyn calculated the middle
diameter as 15 mm larger than the experimental value, while
LS-Dyna calculated it as 15 mm smaller.

This could be due to differences in the interaction between
Lagrangian and Eulerian elements in the two software. In
the jet penetration process, it seems that the Ansys Autodyn
couples more Lagrangian elements of the target with Eulerian
jet elements. The same holds for the output diameter, and
the output diameter in the Ansys-Autodyn simulation is 20
mm larger than that of LS Dyna, which, of course, is more
consistent with the experimental results.

4- Conclusions

The use of the ALE method to simulate the process of
penetration of the shaped charge jet in the concrete was
efficient in both LS-Dyna and Ansys-Autodyn software
and makes use of the advantages of both Lagrangian and
Eulerian methods.
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Fig. 2: Hole crater of the first target [3]

The results obtained from the RHT concrete model show
the efficiency of this model for simulation of the behavior of
concrete in loads with a high strain rate.

The jet tip velocities in both software are very close to
each other and show relatively good agreements with the
generalized PER theory. The concrete damage parameter in
LS-Dyna gives reasonable results for concrete destruction
and the entry, middle, and output crater diameter. In Ansys-
Autodyn, the radial cracks created in the concrete provide
a good pattern of the amount of damage and destruction.

The differences between the numerical solution methods
used in the two software and the differences in the interaction
method of Lagrangian and Eulerian elements in the two
software resulted in a smaller penetration depth in Ansys-
Autodyn than that of LS-Dyna, and higher entry, output and
middle crater diameters in Ansys-Autodyn than those of
LS-Dyna, as well. The penetration depth in LS-Dyna, and
the entry, middle and output crater diameters resulted from
Ansys-Autodyn were closer to the experimental results.

Regarding the reasonable results of both software, it
is acceptable to use either of these two software so as to
simulate the shaped charge penetration process and there
are not much differences between the results. The LS-Dyna
software is faster in solving the problems, and has more
controlling capabilities for material models and command
codes (especially the Lagrangian and Eulerian elements
interaction), while the advantage of Ansys-Autodyn software
is its easier simulating process and achieving acceptable
accuracies for longer solving runtimes.

Totally, the comparison between the results of the
simulations of discrete and uniform concrete targets indicates
the reduction of the penetration depth in concrete, which is
because of the discrete design of concrete target.
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Table 1. Comparison of simulation and experimental results

parameter

Experiment [3]
Ansys-Autodyn
Error of Ansys-

Autodyn

LS-Dyna
Error of LS-
Dyna

Jet tip
velocity
(m/s)

7494

5910

21%

6108

18%

Entry
diameter
of the
hole
crater
(mm)

180

164

9%

162

10%

Penetration
depth (mm)

538

420

22%

470

13%
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Fig. 1. Geometrical model of jet formation [20]
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Fig. 3. Dimensions of shaped charge[20]

Pmax = ZO [(VVi)}’H - 1] (V)

min

Vmin 9 )l)§ alols » e ‘59" e VjO ‘LS)"’“"] Jo?)’“ &Lo.;)‘

Db oo dwloxe (A) dbaly 51 Y (piomen Casl 358 lad s puo

() sy & 098 Jo 3585 gl co o bl 2 (V) ey 51

Do ge Jos

& jlwdnd Y
J38le 5 93 5 iy cnl ) (5% 13 395 &y D98 (silwand A3
o> Jolste (sloyljsle s 1 a5 ond ol (plogil ugmsl 5 Wals (ol ]

gl opina Yl 55 65 S S5



Yave Yoy axio N JLos;' 05_15 b)Lo..f: LY 0)93 s)us).wl t.ﬁ:a&.a (ewdigee 4 3lS

A—...—.
210951 ! (1581055 43 5 43 D (g0 paidloul Jae .0 JSUS

Fig. 5. Ansys Autodyn penetration model
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Fig. 4. Ansys Autodyn jet model
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Fig. 6. Ls-Dyna jet model
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Table 2. Effect of mesh size on results
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Fig. 6. Target destruction in two mesh sizes
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Fig. 10. Hole crater of the first target [20]
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Fig. 11. Jet velocity distribution in Ls-Dyna and Ansys
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Table 3. Comparison of simulation and experimental
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Table 4. Comparison of middle and exit crater in first
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Fig. 12. Concrete damage parameter distribution in
Ls-Dyna
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Fig. 13. Penetration and crater diameter of first two
targets in Ansys autodyn
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Table 6. Comparison of discrete and uniform concrete

results
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Fig. 15. Comparison of jet velocity for discrete and uniform concrete
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Table 10. shock Equation of state parameters for steel

case
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Table 11. Jonson-Cook parameters for steel case
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Table 7. shock Equation of state parameters for copper

liner
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Table 8. jonson- cook parameters for copper liner in Ls-Dyna
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Table 12. JWL Equation of state parameters for
Comp-B
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Table 13. Strength model parameters for Comp-B
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