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Methods for modelling Air
blast on structures

in LS-DYNA.
Comparisonand analysys

lMpedcmasnerHi pesynemamu modento8aHHA Oil eu-
6yxy Ha Memarsnegy naacmuHy 3 8UKOPUCMAHHAM DIi3HUX
po3paxyHkosgux memoodie: LOAD_BLAST; LOAD_BLAST_
ENHANCED; Arbitrary Lagrangian Eulerian; Particle Blast
Method; Smooth Particle Hydrodynamics, wjo peanizosati e
npozpami LS-DYNA. OyiHeHa adekeamHicme ma moyHicme
yux Memodis 8 3anexHocmi 8i0 KoegiyieHmy giocmati 0o
subyxosoi pevosuHu. HagedeHHi nepeaazu Ui HEOOIKU KOX-
HO020 Memo0Oy ma pekoMeHOayii No iX3acmocysaHHIo 3d pe-
3y/lbMamamu ys020 MoOesilo8aHHA ma 00csidy asmopis.

Kniouosi cnosa: subyx, npomumiHHa cmitikicms, mooe-
ntosaHHA, LS-DYNA.

lMpedcmasneHbl  pe3ynbmamel  MOOEAUPOBAHUA
Oelicmeus 83pbled HA MEMA/IUYECKyl0 KOHCMPYK-
UUI0 € UCNOJ/Ib308AHUEM pPA3HbIX PAacyemHbulx Memo-
0os: LOAD_BLAST; LOAD_BLAST_ENHANCED; Arbitrary
Lagrangian Eulerian; Particle Blast Method; Smooth Particle
Hydrodynamics, komopele peanusogaHsi 8 npoepamme LS-
DYNA. OueHeHa adek8amHOCMb U MOYHOCMb 3MuxX Me-
mo0oo8 8 3as8UucuMocmu om Ko3ghguuyueHma paccmosHuA
K 83pbigduamomy geujecmsy. [IpedcmasneHsl npeumyuje-
€Mea u HePoCMAamMKU Kaxxo0o2o0 Memooa u pekomeHOauyuu
No UX UCNOJ1b308AHUIO NOPE3Y/TbMAmMax 3mo20 Mooesiupo-
8GHUA U 0NbIMa asmopos pabomel.

Kntouegbie cs08a: 83pble, NpOMUBOMUHHAA CmMOU-
kocme, ModesiuposaHue, LS-DYNA.

Introduction

The results of the combat losses analysis in armed con-
flicts over the past decades have shown that a large number
of damages to armored combat vehicles (ACV) and their
crews are caused by mines and improvised explosive de-
vices[1,2]. Therefore, a topical solution to the problem of
determining the effectiveness of protective structures during
explosive loading is to improve of the anti-mine protection
of ACV. Nowadays, numerical methods are used for solv-
ing physic problems on high-speed processes . This is quite
effective tool for modeling processes occurring in conditions
of explosive load of the protective structure. Modern
software with integrated numerical methods allows us to
estimate the influence of design parameters and physical and
mechanical characteristics of the material and its elements
on the operation of the structure as a whole during impulse
influence. Numerical modeling can’t replace traditional
experimental research methods, but can significantly reduce
their number and make the whole process more efficient and
improve the anti-mine protection of ACV.

Currently, one of the most popular programs that allows
to model the impact of explosion on protective structures is
LS-DYNA [3]. A lot of works are devoted to research of the
explosive on constructions, the main are there are [4-33].
Usually researchers choose one of the methods of numerical
modeling that is implemented in this software package with-
out substantiation of their choice. Each of these methods has
errors for specific modeling conditions, so we must compare
its accuracy and adequacy for determining the explosive
loads and deflections of armored hull of ACV.

Preconditions and means for resolving the problem

Theoretical Model

The main criterion for assessing the impact of explo-
sion on protective structures is the coefficient of distance
Z (Table 1) to the explosive charge, which is determined in
such a manner [34]:

R

Iw

where:Z — coefficient of distance to the explosive charge; R
— distance from center of charge;W— charge weight in TNT.

Z = )

Table 1
Conditional classification of the explosion depending
on the value of Z

Classification Z, kg/m'”3
Far field >4 - =40
Average field 0,4-4

Near field ~0,053-0,4
Contact explosion =~0,053

The application of the coefficient of distance Z to the
explosive charge avoids the attachment to the actual mass of
charge, the distance to it, and conducts an assessment taking
into account similarity laws.

The following calculation methods are implemented in
the form of commands in LS-DYNA [3]:
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Table 2
Possibility of application of calculation methods depending on [38].
. . s | LOAD_ O/,
Classification | Z, kg/m BLAST BLAST _ ALE PBM SPH
ENHANCED

Far field >4 - =40 Yes Yes Yes* No No
Average field 0,4-4 Yes Yes Yes/Yes* | possibly No
Near field 0,053-0,4 Yes Yes Yes Yes Yes?
Contagt ~0,053 No No Yes Yes Yes
explosion

*Note: in conjunction with the LOAD BLAST ENHANCED method

LOAD BLAST;

LOAD BLAST ENHANCED;

Arbitrary LagrangianEulerian (ALE);

Particle Blast Method (PBM);

Smooth Particle Hydrodynamics (SPH).

Application of these calculation methods is possible de-
pending on the value of Z (Table 2).

Correspondence of theoretical results with experimental
data allows to control the legality of the main references laid
down in the calculation scheme, as well as the certainty of
the resulting numerical results. As experimental data, these
works are selected[36,37].

The general view of the experimental setup for the ex-
plosive load of the armor plate is shown in Fig. 1.[36, 37].
When performing research, the armor plate was clamped
between two plates (Fig. 1).The explosive charge of trini-
trotoluene (TNT) in the form of a sphere was placed at dif-
ferent distances (R) from the target plate. The value of the
charge weight also varied. The scheme of conducting an
experiment is shown in Fig. 1b.

Cowper-Symonds model (2) forthematerialofplatewasu
sedinthecourseofnumericalmodeling [3].

o, = [1+(2) ](0'0 +/>’Epge‘;7},

E,=E,E/(E-E,}

L0 1/2
e;j;:j&g;j dt,

where: p and C— parameters of strain rate; ¢£— equivalent
strain rate; 0,07 — Static and dynamic yield stress; £ —
Young’s modulus; E, — hardening modulus.

2

The equation of the state of explosive detonation prod-
ucts[3]:

w
RV

w
RV

p=A(1-—)exp{-RV}+B(l———)exp{-R,V}+—E, (3)

@
7

where: " V=% =%ﬂ —relative specific volume; 4, B, C, R, R?,

w — empirical constants; £ — internal energy.
The equation of state of air [3]:
p=e-(y=Dpl/p, €
where: y = 1,4 — indicator of air adiabatic.
The mechanical characteristics of the armor plate are
summarized in Table 3. Characteristics for the equation of the
state of explosive detonation products are given in Table 4.

Table 3
Characteristics of the plate material [36, 37]
Characteristic Value
Young’s modulus, GPa 210
Poisson’s ratio 0,28
Static yield stress, MPa 950
Dynamic yield stress, MPa 1250
Relative elongation, % 9
Density, kg/m3 7838

Table4

Characteristics of the equation of state of detonation products [39]

Chapman-Jouget Parameters,
*MAT HIGH EXPLOSIVE BURN

The coefficients of the state equation of detonation
products in the form Jones-Wilkens-Lee, *EOS_JWL

o
>
Ropae?
730
$2[ o | P D | E G A B C R, R, o
5 GJ/
kg/m® | GPa M/e e GPa GPa m’/kg
TNT | 1630 | 21,0 6930 | 7,00 2,727 371,2 | 3,231 1,045 4,15 0,95 0,30
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Fig. 1. The general view of the experimental setup (a), the scheme of conducting an experiment (b) and Comb-like

device for dynamic deflection measurement [36,37]: R — distance from center of charge, t — plate thickness; D —

plate diameter; &, — maximal mid-point transient deflection; 0, — residual mid-point deflection.

Numerical modeling

The plate on which the explosion acts, is modeled as
three-dimensional, four-node, shell finite elements (Shell)
and three-dimensional, eight-node, solid elements (Solid)
in all variants.Accordingly, in each calculation scheme, the
weight of the explosive varied and the distance to it varied.

Finite-element models for other methods for modelling
air blast are presented in Fig. 2. And results of numerical
simulations are presented in Fig. 3-4 and table 5.

Result and Discussion.

The obtained simulation results using the considered
calculation methods showed high accuracy in comparison
with the experimental data, which were selected as refer-
ence ones. An additional point is that obtained results cor-
relate with results of other works. [40-42].

The use of Solid or Shell elements in the numeri-
cal model has approximately the same level of precision
while solving tasks. However, the amount of data needed to
store the solution of the same task for Solid elements will
be on average three times more than Shell. It is clear that
the time of solving the problem with the use of Solid ele-
ments will be significantly higher compared with the use of
shell elements. Such conclusions aren’t new and completely

logically proceed from the mathematical content of both el-
ements. For the majority of tasks regarding the assessment
of the impact of explosions on protective structures, it is
quite sufficient to use Shell elements except for the pres-
ence of significant plastic deformations and the destruction
of structural elements. In this case, the use of Solid elements
will be expedient.

Application of the LOAD BLAST and LOAD
BLAST ENHANCED method has significant advantages
over other methods because of their ease of use, relative
simplicity of the preparation of the finite element model, the
smallest volumes of data compared with other methods, the
smallest hardware requirements for computers.The disad-
vantages of such calculation methods are the impossibility
of taking into account “shading” by one design of another,
the absence of reflection and overlay of shock waves, which
leads to an increase of measure of inaccuracy in the evalu-
ation of the protective properties of complex structures.By
the way, there is a fairly small choice of charge explosive
form. The effect of a spherical charge in the air or on the
surface of the soil is integrated in this calculation method.
This requires a recalculation of the charge value of the
charge, taking into account the soil and coefficients taking
into account the shape of the charge. LOAD BLAST EN-
HANCED further allows us to estimate the pressure acting
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e
Fig. 2. Finite-element models for other methods for modelling air blast: « - LOAD_ BLAST and

LOAD BLAST ENHANCED; b - PBM (with air); ¢ - PBM (not air); d— ALE 2D; e - SPH
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Fig. 3. Different methods of numerical modeling of explosive loading of a plate (W= 15 kg, R=0.4 m) : a —
LOAD_BLAST and LOAD BLAST ENHANCED; b — ALE 2D; ¢ — PBM; d— SPH; ¢ -maximum deflections of
the plate with the application of the appropriate method
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Fig. 4. Graphs of the displacement of the central node of a plate during the simulation of the explosion of charge
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on the protective structure on its surface and the effect of
the negative phase of the shock wave (this isn’t counted in
LOAD_BLAST).

Using the SPH method allows us to take into account
processes of reflection and overlaying of shock waves, but
requires considerable hardware resources. In addition, this
method is very sensitive to grid density, the number of SPH
elements, and the correct choice of contact between the ele-
ments of the SPH and the elements of the Lagrange.

The ALE method requires a lot of hardware resources,
requires the greatest amount of time in order to calculate the
task and consumes the highest volume of data to note.

The Particle Blast method has the advantage because
of the lack of a mesh, needs a relatively small amount of
data to note, has a fairly high accuracy and high speed of
problem solution. The application of this method is quite
promising at the present time.

Conclusion

The obtained results show that for the conditions of
charge demolition under the bottom or chassis of the
ACV,all the methods of modeling the impact of the explo-
sion described in this article have high adequacy and ac-
curacy. The use of each method is expedient in view of
their disadvantages and advantages at the discretion of the
researcher. Taking into account the authors’ experience, it is
expedient to carry out the research of the protective struc-
ture in the initial stages using the methods LOAD BLAST
and LOAD BLAST ENHANCED. We should use one of
the methods such as Arbitrary LagrangianEulerian, Corpus-
cular Particle Method, Smooth Particle Hydrodynamics in
order to receive more detailed information about the protec-
tive structure.
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