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3 Computational Fluid Dynamic (CFD)
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Fig. 1. Time-history of blast load pressure [15]
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Fig. 2. Prestressing system used to simulate axial load [6]
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Fig. 3. Front view of blast test setup [6]
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1 Fully integrated shell element
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Table (1) Characteristics of steel
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Table (2) Geometric properties of column cross sections
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Fig. 6. Comparison of dynamic response of numerical model
with experimental and numerical models of Nassr et al.
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sections and fixed supports under blast load with 45 degree
angle at distance 6 m
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Fig. 13. Dynamic responses of columns with different cross
sections and fixed supports under blast load with 45 degree
angle at distance 8 m
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Fig. 10. Dynamic responses of columns with different cross
sections and hinged supports under blast load with zero angle
at distance 6 m
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Fig. 11. Dynamic responses of columns with different cross
sections and hinged supports under blast load with zero angle
at distance 8 m

O g (Saliys ey r il 4515 56 -Y-0

0t B rme 3 (o gblie (Salys muly Jiou cnl )3
Lyl s s e A 5T Al s S 01 S e S kS
£0 jlomih agsly L ¢ i Lgml 53 5 505 15 sl 55 (550
el 0 451 4

33 S Ll b o sblie (Salus maly ((VY) S
S by B akaie S ol 2 ol s ls S Ll



Y40 JLﬂ/f.A)ij:/VAJJ'JuAJJJ

e s (ordige (225 — oole s

a3 80 il 4 gly 53 (g e N alols 5 feade il 95 (55 50
120

— I8 30
100 -
E
‘E-’ 80
E 60 |
E
g 40 7
]
20 ¢
ﬂ L 1 L 1 1 1 L ]
0 10 20 30 40 30 60 70 8O 90
Time (ms)

Fig. 15. Dynamic responses of columns with different cross
sections and hinged supports under blast load with 45 degree
angle at distance 6 m
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Fig. 16. Dynamic responses of columns with different cross
sections and hinged supports under blast load with 45 degree
angle at distance 8 m

2(3

L bsd 6oV 58 st 053 25 5 B el 558 (V) S
53 a3 80 5 S s b oleiil b o Sl S Ll 53 (g5 Ll 2

S\ Aol
Fringe Levels Fringe Levels
3.950e-01 2.752e+01
3.555e-01 ] 2.477e+01
3.160e-01 _ 2.202e+01
2.765e-01 _ 1.926e+01 _
2.370e-01 _ 1.651e+01 _
1.975e-01 _ 1.376e+01 _
1.680e-01 __ 1.101e+01 _
1.185e-01 _ 8.256e+00 _
7.900e-02 5.504e+00
3.950e-02 2.752e+00 :l
0.000e+00 _| 0.000e+00 _|
() @ N

Von Mises stress (MPa) Horizontal displacement (mm)

Fig. 14. Horizontal displacement and von Mises stress
contours for box column with fixed supports under blast load
with 45 degree angle at distance 6 m
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Fig. 17. Horizontal displacement and von Mises stress
contours for cross-IPE column with hinged supports under
blast load with 45 degree angle at distance 6 m
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Abstract:

Terrorist attacks and explosions in the vicinity of buildings and vital areas are repetitively reported in
different countries. Most of these incidents lead to global or local failure in the load bearing elements of the
buildings. However, with respect to the intensity of explosions, they may result in structural collapses.
Columns are among the main bearing elements of a building; among them, exterior columns are more
vulnerable during terrorist attacks. Blast resistant design is usually carried out by simplifying the structural
model and considering a single column with nonlinear behavior against blast loading. On the other hand,
explosion is a complex phenomenon with high strain rate, which strongly affects the behavior and material
properties of structural elements. Conducting experimental tests to evaluate the behavior of structures under
blast is very expensive, difficult and dangerous. Hence, the simulation of this evaluation process using
nonlinear finite element software is very simple and useful. In this paper, structural response of steel
columns with different cross-sections has been investigated in order to achieve the better performance
against blast. In addition, effects of blast wave incidence angle, blast distance and different boundary
conditions are considered. For this purpose, an experimentally evaluated wide flange steel column is
simulated under a combination of axial force and blast with the aid of LS-DYNA software. The numerical
model is simulated by shell elements and the results are validated with existing data. In the finite element
analysis, the effects of high strain rate and material nonlinearity are considered. The columns with different
cross sections including wide flange, cross-IPE and box sections are simulated under two directions for
imposing the blast waves: zero and 45°. Also, two support conditions of fixed-fixed and pinned-pinned ends
are considered. For the blast with zero angle, the dynamic response of the columns with wide flange section
against the blast is lower than the other columns, in both boundary conditions. Whereas, columns with box
section have better performance than those with cross-1PE section. In 45° blast angle and fixed end boundary
conditions, the reported displacement time history in the box-section column is less than that in the two other
sections. This implies a better performance in the latter. But, under pined end boundary conditions, the cross-
IPE section column shows a better and stronger behavior in comparison with the columns of the two other
sections. In addition, the displacement of the wide flange section (section with non-identical strong axes)
under the 45° blast is more than that of the zero-degree blast. However, the dynamic response of the columns
with box and cross-IPE sections under the same explosion situation is less in 45° blast angle than in the zero
degree case, because these columns have two identical strong axes. Since the corner columns of building
may confront a 45 ° blast wave propagation, sections with two strong axes such as box and cross-IPE show
minimum deflection criteria. However for peripheral middle columns of building -where the bending
moment imposed by explosion may occur about strong axis-, the wide flange sections with only one strong
axis are proper. The difference in the distances of explosion from the columns cause different nonlinear
behaviors in the members; therefore, the determination of the optimum column section under blast loading
depends on the distance of explosion from the column. In this case, displacement criteria may not be enough
and considering additional criteria such as residual load bearing capacity can be appropriate.

Keywords: Nonlinear dynamic analysis, Blast load, Steel column, LS-DYNA
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