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Fig. 2. The use of concrete filled steel tube columns in bridge piers (O’Malley Bridge)
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Fig. 3. Connections between steel beam and concrete filled steel tube (Dou et al. 2017)
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Fig. 4. Blast shock wave [19]

JE'-?;"“ )L,::'__'a Po

| |

lao ey Do £
fl9° O IR -
o )L?-Jal)W s ole

[Vl 50 dasmo 55 oylo — i ol gt O JSUD

Fig. 5. Pressure-time variation in free air [20]
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Fig. 6. Size of the column specimen under blast [17]
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Table 1. The reported steel material properties in MPa [17]
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Table 1. The reported steel material properties in MPa [17]
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Fig. 7. Finite element model of CFST column
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Table 3. Mesh sensitivity analysis results
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Fig. 8. Defomation observed in experimental specimen [17]
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Fig. 9.Deformation observed in finite element model
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Fig. 10. Displacement history at the elevation of 50 cm from the column base
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Fig. 11. Full connection of beam to column using pen-
etration weld
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Fig. 12. Beam-column connection using stiffener plate
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Fig. 13. Connection by continuing the beam in the column (top section of the column is not shown to make
the of internal parts visible)
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Fig. 14. Explosive charge center in blast scenarios (top view of the structure)
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Fig. 15. Frame deformation 100 miliseconds after the blast in the first blast scenario
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Fig. 16. Equivalent plastic strain in beam-column connection
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Fig. 17. Deformation of steel tube of column in connection to beam 100 miliseconds after the blast occur-
rence in the first blast scenario
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Fig. 18. Torsion occurrence in beam in the second blast scenario
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Fig. 19. Tensile damage in concrete core of the column at the end of the first blast scenario

ora.



OF <5 B OYVY daxio Yoo Jl.w MY Q)Lo.w QY 0)9d ‘)A.AS)M‘ LJ‘)""C L;\-\)W 4.:).».._»

= =
=] = ]

vertical beam displacement (m)
(=]
[=2]

04
0.2
0
0 20 40
Time (sec)

......... 2

3
---y
—.=5

60 80 100

oud 485 a3 53 (G925l g 52 187 SR (3908 0 ki 42 ) Ao e JSUS
Fig. 20. Comparison of vertical displacement historyin the five different considered scenarios
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Fig. 21. Comparison of the maximum vertical displacement of the beam end in the five considered scenarios
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Fig. 22. Comparison of rotation angle of beam connection in the five considered scenarios
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Fig. 23. Comparison of beam torsion in the five considered scenarios
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Fig. 24.Beam deformation with haunch connection to column under the first considered scenario
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Fig. 25. Equivalent plastic strain in frame with haunch connection under the first blast scenario
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Fig. 26. Tension in column steel tube at the connection to beam flange in the first scenario
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Fig. 27. Torsional beam deformation in the second blast scenario
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Fig. 28. Vertical displacement of beam middle point in the five blast scenarios
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Fig. 29. The maximum rotation occurred in the beam in the blast scenarios
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Fig. 30. The maximum beam torsion in the five blast scenarios
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Fig. 31. Tension damage of concrete core under the first scenario

oral



OF <5 B OYVY daxio Yoo Jl.w MY Q)Lo.w QY 0)9d g)....s)m‘ LJ‘)""C L;\»._\.\.Q(a 4.:).».._»

5, Mises

(Bwg: 79%)
+3.285e+08
+3.012e+02
+2.738e+08
+2.465e+08
+2.192e+08
+1.919e+08
+1.645e+08
+1.372e+08
+1.089e+08
+8.253e+07
+3.519e+07
+2.786e+07
+5.313e+05

Step: Step-1
Increment  499996: Step Time = 0.1000

rd X Primary War: 5, Mises
Deformed Var: U Deformation Scale Factor: +1.000e+00

Jol Sl (G99, b 599 51 dms ali dao Voo wime (198 LT Hul5 g S puatd Y JSWS

Fig. 32. Deformation and Von Mises stress contour 100 miliseconds after the occurrence of the first blast scenario
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Fig. 33. Equivalent plastic strain contour in frame under the first blast scenario
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Fig. 34. Horizontal displacement of the column steel tube under the first blast scenario
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Fig. 35. Vertical displacement of beam middle point in the five blast scenarios
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Fig. 36. The maximum rotation occurred in beam in the blast scenarios
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Fig. 37.The maximum rotation occurred in beam in the
blast scenarios
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Fig. 38. the maximum torsion occurred in beam in blast scenarios
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Fig. 39.The maximum vertical displacement in the three studied connections
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Fig. 39.The maximum beam rotation in the three studied connections in different blast scenarios
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Fig. 40. The maximum values of vertical force applied on the three frame types in the five blast scenarios (kN)
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Plastic dissipated energy
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Fig. 42. The maximum values of horizontal force applied on the three frame types in the five blast scenarios (k)

Damage dissipated energy

2 O R W s LA Sh o= Ga

1 2 3 4 5

M First connection
B 5econd connection

B Third connection

(J93945) (5, oil (g92 )limw 0 i B £ dww ;3 3ty ool 1 (U (65,51 i pralie FY JSS

Fig. 43. Plastic dissipation energy values of the three frame types under the five blast scenarios (kJ)
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