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ABSTARCT-Blast loading produces enormous
amount of energy. It causes devastation effect to the
structure that is subjecting to loading. It is essential to
mitigate the blast load to make the structure
sustainable and safe. Research has been carried out
from decades to design protective structural member
for mitigating blast loading. Sandwich panels are
found out be one of such efficient structural
component to be installed for periphery of structure
on which blast loading is acting. In the present work
effort is made in designing sandwich panel with top
and bottom plates. The dimensions of 150 mmx150
mm with 4 square tubes of 12.5 mmx12.5 mm and
thickness of tube of 0.6 mm in 2x2 matrix in core
portion are provided. Impulse of 55 Ns is applied for
duration of 17.32 us normal to the top plate of
sandwich panel. Suitability of the sandwich panel
model for the present loading condition is checked.
Finite element (FEM) model of the panel is modelled
in FEM based software ABAQUS/CAE and analysis is
done. Parametric studies are carried out by varying
the thickness of square tube and spacing between the
square tubes. The efficiency of sandwich panels are
checked in terms of Reaction force per unit area
(kN/mm?) and Energy (kJ) absorbed by top plate and
core portion. An important conclusion from the
parametric studies is drawn i.e., increase in the tube
spacing beyond an optimum value results in excessive
deformation without progressive lobe formation. From
conclusions the model that is capable of taking load
effectively is finalized.

Keywords—Blast protection, Tube core claddings,
Blast load, Thickness, Spacing, Energy absorption,
Reactions.

I. INTRODUCTION

Blast loading is an instantaneous fission
reaction of the explosive materials like Cyclo
Trimethylene Trinitramine (RDX), Compound B (60
% RDX and 40 % TNT), Tri Nitro Toluene (TNT) and
Cyclonite etc. These explosive materials cause
potential damage to the structures thereby causing
damage to the residents. So, in order to protect the
structure from blast loading protective structural
component should be designed. It should be fixed to
periphery of the structure without adding much weight

to the foundation as structure is designed for certain
live loads and dead loads [1]. With increase in loads
on foundation by adding weight to the structure cause
major damage to the structure. Tube core sandwich
panel is one of such structural component with
minimum weight of tubular material in core portion.
These are also called as sacrificial claddings [2] that
mitigate the dynamic loading due to blast effect
thereby keeping structure in safe condition. The
optimum design [3], [4] for metallic corrugated core
sandwich panel for blast loading is essential. Tube
core panels with core component of tubular material
[5], [6] are effective protective system for blast
loading. The square steel tubes in core portion are
subjected to compression. The sandwich panel
subjects to axial crushing [7], [8]. Response of
sandwich panels with thin walled tubes subjected to
axial load [9], [10] should be known to determine its
performance ability. The factors like influence of plate
thickness and core height [11] determines the
behaviour of tube core panel for the load applied.
Finite element modelling is the effective method for
modelling the sandwich panel [12]. The Finite element
model is modelled and analysed in FEM based
software ABAQUS/CAE. The obtained results from
the model are validated with the results available in
the literature (Theobald et al., 2007) and the results are
found coinciding. Parametric studies by varying the
thickness of square tube in core portion and spacing
between the tubes are carried out. The response of
panel is studied based on Reaction force per unit area
(kN/mm? and Energy (kJ) absorbed by tubes is
studied.

1. BLAST LOADING

The instantaneous fission reaction of the
explosive materials causes blast loading as shown in
Fig.1. Propagation of explosive materials mainly takes
place through air and ground. The propagation of
reaction is considerably fast in air when compared to
that of ground with speed of supersonic wave. The
explosive material gets converted to high pressure gas.
This high pressure gas causes devastation effects when
encountered with structure. Then the structure will
receive peak over pressure due to sudden encounter of
fast moving shock wave that got push and pull action.
The radiated overpressure propagating from point of
explosion subjects to exponential decay with time
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from source. It encounters with structure and
eventually becomes negative subjecting the building
surfaces to suction forces as vacuum is created by the
shock wave. The pressure created will be negative
when compared to atmospheric pressure and is called
negative pressure. It is as shown in Fig.2.
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Fig. 1 Blast wave and its propagation
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Fig. 2 Blast wave pressure — Time history

P, = Ambient atmospheric pressure.
P, = Stagnation overpressure.

t, = Blast wave arrival time.

ty = Duration of impulse.

Wind plays a major role in increasing the
velocity of propagation of wave that accompanies with
blast wave and this causes dynamic pressure Pq. It is
proportional to the square of the wind velocity and
density of the air behind the shock front. The relation
of dynamic pressure is shown in Eqgn (1) [13].

Pg=0.5pu’ (1)
u = Velocity of the air particle
p = Air density.

The intensity of dynamic pressure will be
more as it is equal to the square of velocity of air

particle. The factors that are determining the intensity
of destruction are charge weight Wand standoff
distance R from the point of explosion.

I11.FINITE ELEMENT METHOD

Finite element method (FEM) is the process
of dividing the given structural member in to
numerous individual components by discretization.
The Finite element method will yield better results by
solving complex object to simple geometrical objects
[14]. The members’ top and bottom plate is discretised
to geometrical objects like 8 nodedrectangular solid
elements. The hollow square tubes in core portion are
discretised to 4 noded shell elements. Based on this
displacements and rotations at different nodes of
individual elements are obtained from geometrical
deformation of the whole sandwich panel. Hence FEM
based software ABAQUS/CAE is used in modelling
the sandwich panel.

IV.NUMERICAL ANALYSIS

A. DESCRIPTION OF PROBLEM:

To determine the efficiency of the tube core
sandwich panel a model is considered with different
dimensions of top plate, bottom plate and square tubes
in core portion. Material is taken as steel that can
effectively withstand the applied pressure and transfer
to the core. The top plate and bottom plate are
considered of 150 mm x 150 mm with top plate of 2.5
mm thick and bottom plate of 5 mm thick. Square tube
is taken as 75 mm long and thickness is taken as 0.6
mm and the blast load is characterized using a
rectangular pressure pulse relation described in Egn

).

Py 0<t<t,

P ()= {0, t>t, ©)

Where Py is the applied peak pressure and t,
is the blast duration. Impulse is taken as | = 55 Ns for
an impulse duration of ty = 17.32us and A is the area
of top plate of 150 mm x 150 mm. The applied
pressure is computed using the relation as shown in
Egn (3).

Po=—— ®)

The top plate is free in all degrees of freedom
while the bottom plate is fixed. Both the ends of
square tubes are fixed to the top and bottom plate with
nodal rotations arrested for tube plate bonding. The
model is validated with that of same model available
in literature (Theobald et al., 2007);parametric studies
by varying the thickness of the square tube to 0.5 mm,
0.625 mm and 1 mm and the spacing between the
square tubes to 37.5 mm and 100 mm are carried out.
Response of different tube core sandwich panels to the
applied impulse of 55 Ns is studied. The plan and
elevation of Sandwich panel is as shown in Fig. 3.
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Fig. 3. a. Elevation of tube core sandwich panel
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Fig. 3. b. Plan of tube core sandwich panel

Fig. 3 Schematic diagram of tube core sandwich panel

V. FEM SIMULATION

A. ABAQUS/CAE MODELING:

Finite Element Software ABAQUS/CAE is
used in modelling tube core sandwich panel. The
description of modelling is given here under

B. MODULES AND THEIR USE:

ABAQUS/CAE is divided in to different
modules to carry out the function of modelling. Each
module concerns to specific function that is assigned.
Different modules used in ABAQUS/CAE are:

1) Part:Top and bottom plates are modelled with
dimensions of 150 mm x 150 mm and top plate
thickness of 2.5 mm and bottom plate thickness of 5
mm. Tubes are modelled with length of 75 mm and
thickness of 0.6 mm.

2)Property:Mild steel properties are assigned to the
parts modelled. Mass density, Elastic property, Plastic
property andSpecific heat property are assigned to the
parts. Plastic properties are assigned as per Cowper —
Symonds relation as shown in Egn (4). The properties
assigned to the parts are:

Young’s modulus, E = 2.07 x 10° MPa, Yield
stress,a, = 259 MPa, Poisson’s ratio = 0.3, Density p
= 7850 kg/m®, Specific heat = 452 J/kg° C.

4 & z

= [1 + (5)"] 4)
Where D and g are material properties and they are
given as D = 844 s' and q = 2.207 [15]. The
tangential friction is given as u, = 0.3 [16] and the
properties are, o; = dynamic yield stress, o, = static
yield stress, & = strain rate. These properties are
mainly used in carrying out the analysis for concerned
sandwich panel. The parts due to assigning property
are shown in Fig. 4.
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Fig. 4. a. Plate

Fig. 4. b. Tube

Fig. 4 Isometric view of plate and tube section due to assigning
property

3) Assembly:Assembly module is mainly used for
assembling multiple parts created to form Single
structural component. The square tubes should be
placed in core portion between top and bottom plate in
2 x 2 matrix form as shown in Fig. 5.

4) Step:Dynamic/ Explicit step is created. So that
nonlinear analysis takes place with a time period of
0.002 sec.

5) Interaction:Interaction module is mainly used to
assign self contact property to square tubes in core
portion. The lobe formation in square tubes is made
possible due to interaction module as shown in Fig. 5.
6) Load:The pressure loading of 141.32 N/mm?
should be applied by creating amplitude table for time
period of 17.32 us [17] as shown in Table 1. The
pressure should be applied in rectangular pulse mode
to create blast loading effect as shown in Fig. 6.

Table 1: Time vs. Amplitude table for time period of 17.32 ps

Time ( seconds ) Amplitude (N / mm?)
0 0
1E-015 141.32
1.732 E-005 141.32
1.7320000000001 E-005 0
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7) Boundary condition:The bottom plate is fixed i.e.
displacements (U) and rotational components (UR) are
constrained. The square tubes edges are constrained to
top and bottom plate by keeping UR for the structure
to be in fixed condition and displacements should be
kept in free condition for free displacement of tube
core panel as shown in Fig. 6.

8) Finite element mesh:Meshing should be done to
the parts created using mesh module. 8- Noded solid
elements C3D8R are used for meshing of top and
bottom plates. 4-Noded shell elements called S4R are
used for meshing of square tubes in core portion as
shown in Fig. 7.

9) Job:The ABAQUS/CAE model that is created
should be submitted for analysis using job module.
Analysis  results in  obtaining stresses and
displacements at various contour points of the tube
core panel.

Fig. 5 Interaction property is assigned totube core sandwich panel

Fig. 6 Loading and Boundary condition given to tube core sandwich
panel

Fig. 7 Meshing assigned to tube core sandwich panel

C.DEFORMATION PATTERN OF SQUARE TUBES:

Pressure loading is applied on the top plate of
the tube core panel. The load gets distributed over the
entire plate and transfers to the square tubes in core
portion. The square tubes reduce the intensity of
loading on deformation by forming lobes on the
square tubes as shown in Fig. 8. Due to this the
intensity of loading transferred to the base plate is
reduced and keeping the primary structure to be in
safe condition.

Fig. 8 Deformation pattern of the square tube

VI.NUMERICAL VALIDATION

The ABAQUS/CAE model that is modelled
is analysed and is validated with that of model as
given in [4](Theobald et al., 2007). The validated
Energy (kJ) vs. Time (s) plot is as shown in Fig. 9.
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Fig. 9 Comparison of energy absorption curve

The maximum Reaction force per unit area
(kN/mm?) and Energy (kJ) absorbed by top plate and
square tubes of ABAQUS/CAE model and the values
obtained from the reference model in [4] are given in
Table 2.

Table 2. Comparison table of Reaction force (kN) and Energy (kJ)

Description of the | Maximum | Energy absorbed (kJ)
study Reaction
Force (kN) Top Square
Plate tube
Theobald and 99.54 487.12 2690.04
Nurick (2007)
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Present study 112.19 442.84 2678.89

VIl. PARAMETRIC STUDIES

Parametric studies are carried out by varying
the thickness of square tubes and the spacing between
the square tubes in core portion. The results
corresponding to Reaction force per unit area
(kN/mm?) and Energy (kJ) taken by square tubes in
core portion are obtained.

A. VARIATION OF THICKNESS OF SQUARE TUBES
IN CORE PORTION:

Different tube core sandwich panel are
modeled by varying the thickness of square tubes to
0.6 mm, 0.5 mm, 0.625 mm and 1 mm in
ABAQUS/CAE are analyzed. The deformation of
models are obtained and are given in Fig. 10.a. to
10.d.

P -y

Fig. 10.a. Tube thickness of 0.6 mm

Fig. 10.b. Tube thickness of 0.5 mm

i -y

Fig. 10.c. Tube thickness of 0.625 mm

1T

Fig. 10.d. Tube thickness of 1.0 mm
Fig.10 Deformation of sandwich panel with square tubes of various

thicknesses

The tube with a thickness of 0.5 mm is
undergoing more deformation when compared to the
tube with thickness of 0.6 mm and 0.625 mm. while,
tube with thickness of 1 mm is undergoing firstly to
compression and then it is subjecting to buckling.

B. VARIATION OF SPACING BETWEEN THE
SQUARE TUBES IN CORE PORTION:

Other parametric study is also carried out by varying

the spacing between the square tubes in the core portion to
37.5mm, 75 mm and 100 mm. The deformation pattern of
tube core panels are as shown in Fig. 11.a. toll.c.

Fig. 11.a. Panel with spacing of 37.5 mm

Fig. 11.b. Panel with spacing of 75 mm

Fig. 11.c. Panel with spacing of 100 mm

Fig. 11 Deformation of sandwich panels of various spacing between square
tubes
in core portion

If the spacing between the tubes is 37.5 mm
then tubes are giving more resistance for the applied
load and the Reaction force per unit area (kN/mm?) on
the bottom plate is also more in this case. The tube
core panel with spacing of 100 mm is not having
progressive deformation.
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VIII. RESULTS

The Reaction force per unit area (kN/mm?)
vs. Time (S) and Energy taken by the tubes (kJ) vs.
Time (s) for tube core panels of various thicknesses of
tubes and various spacing between the tubes in core
are plotted and the results are shown in Fig. 12.and
Fig. 13.
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Fig. 12.a. Comparison of RF/Unit area curve
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Fig. 12.b. Comparison of Energy absorption curve
Fig.12 Comparison plots of tube core sandwich panels with various
tube thickness
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Fig.13 Comparison plots of tube core sandwich panels with various

spacing between the square tubes

IX. CONCLUSIONS

From the parametric study that is carried out
different conclusions are drawn based on the Reaction
force per unit area (kN/mm?) and Energy taken by the
tubes (kJ) with in time period of 0.0002 seconds. They
are given as:

e Lateral buckling is resulted due to increase in
the thickness of the square tubes with more
reaction force on bottom plate.

e Decrease in thickness and spacing between
the tubes results in less energy absorption of
square tubes and more reaction force on
bottom plate.

e Increase in spacing between the tubes beyond
optimum value cause excessive deformation
and no progressive mode formation.

e From the parametric study done tube core
sandwich panel with a spacing of 75 mm
between the square tubes and tube thickness
of 0.6 mm is found to be the optimum model
for applied impulse of 55Ns for duration of
17.32 ps.
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