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Numerical simulation of flat-nose projectile

penetrating concrete and soil target
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Abstract: The penetration into targets composed of concrete layer and semi-infinite foundation soil with flat-nose
projectile is simulated with three-dimensional LS-Dyna finite element software. The deformation process and
failure zone in the target are described. The penetration performance of projectile with flat nose is discussed. The
penetration depth, the residual velocity and the deceleration amplitude of projectile increase with the initial
velocity of projectile. And the penetrating cracks and the tensile crush zone indicate the damage of the target. The
phenomena of concrete damage are in agreement with the experimental results.
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1 Introduction

Kinetic energy penetration is of importance in
military application (terminal ballistics). A lot of work
about Kinetic energy penetration into concrete targets
has been done and pleasing achievements have been
obtained [1-3]. Literatures [4-6] carried out on the
penetration mechanism on concrete and literature [7-9]
conducted numerical study of penetrating concrete
targets.

The projectile nose shapes on the penetration has
an important effect on the penetration characteristics.
The penetration of the flat-nose projectile, as a blunt
projectile into target is an interesting work to do.
Although plenty of work about the penetration into
concrete targets, but the work on the penetration into
targets composed of concrete layer and semi-infinite
foundation soil with flat-nose projectile is necessary.
This paper studies the penetration characteristics of
the flat-nose projectile into concrete layer and
semi-infinite foundation soil with low velocity.

2 Problem description

Impact of projectile into targets involves in many
factors, such as the initial velocity of projectile, mass
of projectile, geometry of projectile (especially the
nose of projectile), angle of attack and materials of the
projectile, geometry and materials of target. Lots of
experimental results on the penetration into concrete
targets show that during the process of the penetration
of the projectile into concrete targets, the surface of
target adjacent to the position of impact will occur
spalling because of the free surface effect of target and

shear and extrusion effect formed by projectile
penetration into target.

The study problem by numerical simulation in
this paper is the normal penetration of the flat-nose
projectile into concrete layer and semi-infinite
foundation soil.

The flat-nose projectile is 69 mm in diameter and
151 mm in length. The flat-nose projectile is made by
30CrMnSi and has a mass of 1.8 kg. The target is
composed by concrete layer and semi-infinite
foundation soil. The target is 500 mm in length and
500 mm in width. And the concrete is 100 mm in
thickness. The thickness of foundation soil is taken
200 mm. The strength of concrete material is C20.

3 Numerical simulation

With the commercial software of LS-DYNA3D,
the penetration of flat-nose projectile into targets
composed of concrete layer and foundation soil is
simulated.

3.1 Calculational Model

The calculation was carried out with the
Lagrangian arithmetic. The geometric model is built
with quarter part in numerical simulation because of
symmetry of the load, the geometry of projectile and
target, and boundary conditions. The calculational
model includes the flat-nose projectile, concrete layer
and foundation soil. The contact type of
eroding surface to surface is adopted between the
flat-nose projectile and concrete layer and the contact
type of automatic_surface to surface is used between
concrete layer and foundation soil. The non-reflection
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boundary condition is adopted in the lateral and
bottom boundary of the target

Foundation soil  Concrete Flat-nose projectile

Fig.2 Finite element model of
projectile and target

Fig.2 gives a diagram of discrete finite element
model of flat-nose projectile and the combination
target. The sizes of finite element model are shown
in Fig.1. In a particular region, meshes are refined
locally to obtain relatively reasonable results. The
entire model includes 49,560 elements and 57,738
nodes.

3.2 Model Parameters

Because of the initial velocity and in order to
check the strength properties of the flat-nose projectile,
the kinematic hardening plastic constitutive model is
used for the projectile and the elastic brittle model is
adopted for concrete. The tensile stress failure
criterion are used for the concrete. The
SOIL_AND_FOAM model is used for the foundation
soil [10]. Its yield function can be written as [11]

1
f =ES,-,-Sy- —(a+ap+ap’)

Where a,, a,, a, denote the material constant,
respectively, p the pressure and §; the deviatoric
stresses. The relationship between the pressure and the
volumetric strain is given as

p =8.626x10" x "

The main material parameters are listed in Table
1-Table 3. Here p and E are density and elastic
modulus, pthe poisson’s ratio, oy, 6, and o, the yield
strength, the compressive strength and the tensile
strength, respectively, BHN the hardening parameter,
G and K the shear modulus and the bulk modulus.

Table 1 Material parameter of 30CrMnSi !

P E Gp G
(gfem3)  (MPa) H (MPa) (MPa) BHN
7.8 205.8 0.28 882 1078 420
Table 2 Material parameter of concrete ['* '*!
p E G Ob Oy
(g/em3) (GPa) H (GPa) (MPa) (MPa)
24 22.60 0.2 14.86 30 4
Table 3 Material parameter of soil !*!
P b G K a a a
(gfem3) (MPa) (MPa) (MPa) 0 1 2 H
1.8 47.38 16.01 3948 2.4 13.6  0.1232 048
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4 Simulation Results and Analysis

4.1 Analysis on action of projectile and target

Fig.3 shows the contours of pressure of the
projectile and target of different time when the
projectile normally penetrates the target with a
velocity of 96 m/s. From Fig.3, it can be seen that
penetration depth increases with the time and the zone
of tensile damage on the upper surface of concrete
expands with the increase of penetration depth. A
small compressive zone is formed in the interface of
concrete layer and foundation soil. When stress wave
propagates into the soil, the amplitude of pressure is
small.
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From the simulation results, it shows the
penetration performance of the flat-nose projectile
with the low impact velocity is weak. The penetration
characteristics can use effectively in some special
fields for the low penetration depth.

4.2 Failure analysis of targets

Fig.4 present the damage profiles of concrete
layer by numerical simulation. It can be seen that after
the impact of projectile, the crush zone is formed in
the upper and bottom surface of the concrete. The
crack zone is adjacent to the crush zone.

Fig.5 shows the damage profiles of concrete layer
in the upper surface of the concrete by experiments
under the same conditions with simulation work.
Compared with Fig.5, it can be seen that the numeric
results is in good agreement with the experimental
result. Thus further study can be carried out to
obtained more phenomena and conclusion by numeric
simulation with less cost.

Fig.4 Damage profiles of the upper
surface concrete layer by simulation

Fig.5 Experimental damage profiles of
the upper surface in concrete layer



3rd WSEAS International Conference on APPLIED and THEORETICAL MECHANICS, Spain, December 14-16, 2007 93

4.3 Penetration performance with different

initial of projectile

By tracking the trajectory of the projectile, the
time-displacement curve, the time-velocity curve and
the time-deceleration curve at different impact
velocity are obtained as shown in Fig.6, Fig.7 and
Fig.8. From Fig.6, it can be seen that the penetration
depth is less than 20mm when impact velocity change
from 77m/s to 96m/s and the penetration depth
increases with the impact velocity. Compared with
Fig.4, it indicates that the penetration depth of
projectile and the penetrating cracks and the tensile
crush zone embody the damage of target.
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Fig.6 The curve of penetration depth
with time at different impact velocity

Fig.7 shows the projectile velocity is very small
after 400us. Compared with Fig.6, the increment of
the penetration depth is small after 400us for
different impact velocity. But when the impact
velocity is 77m/s, the projectile velocity became
negative after 300us. It indicated that after 300us
the projectile began to rebound and the penetration
depth decrease after it reaches the maximum.
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Fig.7 The curve of the projectile velocity
with time at different impact velocity

Fig.8 shows the curve of the deceleration with
time during penetration process. It indicates that the
greater the velocity of the flat-nose projectile, the
greater of the deceleration amplitude.
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Fig.8 The curve of the deceleration
with time at different impact velocity

5 Conclusions

By analysis of the projectile normally penetrating
into target through numerical simulation, some
conclusions are drawn as follows:

(1) Numeric result shows that the shape of the
projectile’s warhead has a certain effect on the
penetration process. The flat-nose projectile has a
strong impact on the target on the initial time in terms
of the cutting ring. The impact velocity decreases with
the entire contact of the projectile’s warhead and
target and the ultimate penetration capability is not
prominent.

(2) In the numerical conditions of this paper, the
deformation of the projectile is small which verifies its
reliability of strength. When the target is composed of
concrete layer and semi-infinite foundation soil, the
impact mainly causes the damage of concrete in the
upper layer. The damage zone of the concrete target
includes the compressive crush zone in the center of
the upper surface and the tensile crush zone in the
center of the bottom surface in the concrete layer and
the crack zone adjacent to the crush zone.

(3) The penetration depth increases with the
impact velocity. The penetration depth of the
projectile and the penetrating cracks and the tensile
crush zone embody the damage of the target. The
turning point in the beginning stage of the
time-penetration depth curve indicates the cutting ring
penetrates into target.
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