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Fig. 1. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thickness
of 4.8 mm
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Fig. 2 Flowchart of present study methodology.
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Fig. 3. The plan of the studied structures in this research.
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Fig. 4.The extracted 2D frames of side axis of the studied 3D structures with the location of colli-

sion impact. a) 2-story frame, b) 5-story frame, c) 8-story frame, d) 12-story frame.



INAREEA RAGPCTIEIAL S Jl.w MY Q)Lo.w QY 0)9d ‘)A.AS)M‘ u‘/w& L;u)._\.\.@(a 4.:).».._»

b Y QB gblia.) Jpie

Table 1 The sections of 2-story frame.

' LS Slbe &L Sk
Jol gaddb HE200B HE220B BOX200*20 BOX200%20
P9d (sadb HE180B HE200B BOX200*18 BOX200*18
digb O S gblis Y Jgao
Table 2. The sections of 5-story frame.
' $Ls LY S Sbe

Jol saidb HE260B HE280B BOX200%22 BOX200*25

P9 Gaib HE260B HE260B BOX200%20 BOX200*22

po Gadb HE240B HE260B BOX200*18 BOX200%%20

N 9 ok aib HE220B HE240B BOX200*16 BOX200*16

dig A S gblis ¥ Jgao
Table 3. The sections of 8-story frame.
wlib 5 gl Oy o
s,k Sk s, L

Jol sasds HE300B HE300B BOX280*35 BOX280%*35
pgd (Sdils HE280B HE280B BOX280%*35 BOX280*35
ez 5 pom stk HE260B HE280B BOX280*30  BOX280*30
Py sakb HE240B HE260B BOX200*18 BOX200*%18
il Akl HE220B HE240B BOX200*18 BOX200*18
ip g pian caib HE200B HE220B BOX200*18 BOX200*%18
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Table 4. The sections of 12-story frame.

) &S S &L Sk
p9d 3 Jgl cail HE340B HE360B BOX300%*35 BOX300%35
po sadel HE320B HE340B BOX300*30 BOX300%30
iy s el saib HE280B HE300B BOX300*20 BOX300%20
P g el (gadib HE260B HE280B BOX270*20 BOX270%20
i (sdil HE240B HE260B BOX250*18 BOX250*%18
o el HE220B HE240B BOX220*16 B0OX220*16
o2 aib HE200B HE220B B0OX220%22 BOX220%22
9 poojl— sa—ib
s HE180B HE180B BOX200*18 B0OX200*18
| | 20mm
v 4| 16mm
(< (&I

20*BOX200 ygiuw oo (w0 DHE220B 45 adaiie (<l :ablie ol ja 0 S5

Fig. 5. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thickness of 4.8 mm
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Fig. 6. Impact loading induced by vehicle collision to column [40].
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Fig. 7. Dynamic response of column displacement subjected to impact loading [40].
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Table 5. Impact force and impact duration of light vehicle collision.
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Table 6. Impact force and impact duration of heavy vehicle collision.
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Table 7. Geometric specifications of the studied connection.
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Table 8. Specifications of steel material in the studied connection.
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Fig. 9. The studied prototype for verification in this research: a) Experimental methodology [45], b) Configu-
ration of an experimental prototype, ¢) Simulated model by computer.
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Fig. 10.Comparison of analytical and experimental results.
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Fig. 11. The structure of Kim and Kang model with 3-story and 3 bays [18].
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Fig. 12. The shematic view, a) Kim and Kang model, b) Column section [18].
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Fig. 13. Comparison of velocity-time diagram related to software and reference model
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Fig. 14. The displacement time history of 1st story in 2-story frame under impact induced by light and heavy
vehicle to te corner column.
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Fig. 15. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thickness of 4.8 mm
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Tabl 9.Comparison of the stories displacement response of the studied frames under dynamic instability veloci-
ties based on cm unit.
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Fig. 16. Comparison of the beam-column connection vertical displacement response in corner column of the studied
frames under dynamic instability velocities
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Table 10.Comparison of maximum stress response of corner column of studied frames under light and heavy
vehicle impact based on Mpa unit.
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Fig. 17. Stories drift of studied frames under light vehicle impact to corner column with different velocities.
a) 2-story frame, b) 5-story frame, c) 8-story frame, d) 12-story frame.
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Fig. 18. Stories drift of studied frames under heavy vehicle impact to corner column with different velocities.
a) 2-story frame, b) S-story frame, c¢) 8-story frame, d) 12-story frame.
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Table 11. Comparison of the stories drift of studied frames under dynamic instability velocities.
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Fig. 19. Comparison of maximum residual drift response of the studied frames under dynamic instability velocities.
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Fig. 20. The base shear time history of 2-story frame under impact induced by light and heavy
vehicle to te corner column.
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Fig. 21. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thickness of 4.8 mm
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Fig. 22. The acceleration time history of 1st story in 2-story frame under impact induced by light and heavy vehicle

to te corner column.
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Table 12. Comparison of of 1st story acceleration response of studied frames under light vehicle impact with dif-
ferent velocities.
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Table 13. Comparison of of 1st story acceleration response of studied frames under heavy vehicle impact
with different velocities.
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Fig. 23. Comparison of corner column axial force of studied frames under impact with dynamic instability
velocities.
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Table 14. Comparison of corner column axial force response of studied frames under light vehicle impact with dif-
ferent velocities.
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Table 15. Comparison of corner column axial force response of studied frames
under heavy vehicle impact with different velocities.
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Table16. Comparison of maximum corner column axial force response of studied frames under
light and heavy vehicle impact based on kN.
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Table 17. Damage criterion of steel structures under impact loads [21, 47].
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Fig. 24. Comparison of beam rotation of damaged bay of studied frames under light vehicle impact with
different velocities.
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Fig. 25. Comparison of beam rotation of damaged bay of studied frames under heavy vehicle impact with dif-
ferent velocities.m

250l el ) ol g0 dy (SASE la it sy P

s CB sl il Bhye)8 JlB) (YLl aw)p polate 4

9 oopd > §)lpl (SaSs Jlov il o bl Sl cos o3V
@39 G oS (ol 4 dag bl oo ol ln )
sl 02 48)5 )l > Jlop Sol @i b el (oo Cuslad pae Gl
Shl ) byyte Jlanl F (X ) Saiss o F) ¢ dasl) Gillao
5 1Sue o d gas s 51 T(DM) o)lus (¢ aomuw oS aad (o
SLolss el ond 48,5 Jlas 3 T(IM) Gus (g dosw lgie 4 X jlade
5 Oylud (6 o lgie a4 old cuwl (¢ Alad W5 D lyed (¢ i

VY 5 0V] cawl ous Blod (g0 Y

Fd (x) =P (DM > d|IM =x) (%)

O 5 S (¢ 4t (¢ sy s o Coxlad pie ¢ Guid ol o

o e dabdl jd il sl ad)S el 3 Gl (6 doiw leie &

5 &yl dallas )50 (sla o5l (gl (F-)) FY S ol Sauss
.CM‘D..\.J}L;»)){

sle Co s (5 le M Jgi> Billas 5 & —AIVE JSS oy b

S Aoy (6 @ pd ot b g lawgile oS Ojlud Zshaw sl (5298

Gl a8l ials Jo)d YA 5+ Ad A ol iy @ B0 )5

2 Damage Measure
3 Intensity Measure

' SaSs goxie -4 ) Y
JB g Sly )b et e (Seelns b bl

bl e (SIS by gmie Mgl s ety o piolesl
w50, g 4 gl o oyl Jlesl ol (slosenly (o9, ol 2
2y oBly (Seolid (Sl Jlesl b g Ngd oo (gilodnd ¢ Slo
Gl (5358 goaiS oolo Sluo i b g 5 35> ©jg0 4 bojlu (Jad 8
e Yl mjs S b (Sass b e Mg gl 098 (o
Cowd &y (o (Sealid sl Jolow 1 88 cwdine (Lo sl el
gy § S Jlanl slo @i 3l o3k a5 Jai s wl (e
85y (o )8 o2kl 3)90 (prdins Sluwlro )3 45 25,15 3929
SIS gla (e 5 Gliebl bl sy Jlo 3 oS b mjg
VALl (oo 196 @is 9 Jloy @igh N> )l 3 ) 5 0l
a0 5 (sl s ) oslizl b (S0 sla ioxia g g, [FA 5
{8+ g VA oo ol 2j ©yg0 1) Soj

dalllas 390 (5 o3l | rolin (o33 a0 5 B

S 2p6 (5383 sl Sloj a5l (Glasgecma (s a5 P

25530 Jaa sl Sloj a5 (st (Sealtps (sla oo plol >
095y Jeos pbsl g ojle gy glaodly ) (glasgerme (siloand
ot gloaasiito 03,9] Cand 4y 5 00 (g5load ol slaodl (55,
Slojlo Lol

Sl cladastio 53] Cand 4 9 05l ol lacdls ci s >

B el bl

1 Fragility Curve

OFYY



OFF+ B OF+Y docio Vv e Jlo O ojleds DY 093 ¢S yuol ()l pos  cwdines 4y il

1 1
09 09
08 08
o7 07
z r’ g
F 06 . =
] d 2 06
£ os s g p
g -, % 05 -
£ 04 . 2 .z
8 e 3 04 -
03 7 ¢} P *
7 03 *
02 L Light 4
01 o Moderate 02 o’ Light
(s v ™ ’ = Sevre 01 . 4 Moderate
0 10 20 30 40 50 s == Severe
Vehicle Velocity (km/h) 0l s ==
0 10 20 30 40 50 60 70 80
Vehicle Velocity (km/h)
O Gl galiwg 095w Cxi alb ¥ Ol (o S Gl galowg 0595 p Coxi allb ¥ B (I
b) 2-story frame under heavy vehicle collision a) 2-story frame under light vehicle collision
1 1 —
09 | 09
o8 08
5 07
E": 06
- E .
5 - b .-
= 04 e P -
o ’ .
03 , * . s
. 03 ’
02 . e Light , .
" R Moderate 02 . Light
- = Sewre 01 . Moderate
G- P
0 10 20 30 40 50 60 0 L s = - . = Severe
Vehicle Velocity (km/h) 0 20 40 60 80 100
‘Vehicle Velocity (km/h)
o G galwg 055 p i b & OB (o Sow Galis galowg 0595 p Coxi allb & OB (¢
d) S-story frame under heavy vehicle collision ¢) 5-story frame under light vehicle collision
1 1
0.9 0.9
0.8 0.8
0.7 0.7
& z
E 06 P :; 0.6
2 - 3 -
e; 0.5 P N E 0.5 . -
& N & .
(:S 0.4 . yd s 0.4 . 7
0.3 P4 03 . 7
: 7
02 e Light 02 , Light
01 e Moderate 01 - Moderate
. ” == Severe . 4 - Severe
0 s s == gle s s - ™
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
‘Vehicle Velocity (km/h) Vehicle Velocity (km/h)
e Gl galiwg 095 p cxd alb A OB (7 S (sail galuwg 3598 w L b A OB (&
f) 8-story frame under heavy vehicle collision e) 8-story frame under light vehicle collision
1 1
09 09
08 08
0.7
g - -
_EDE 0.6 . - . P .
& 05 R4 ’
£ ’ .
= 04 . /
[§) 7 .
03 . /
/ .
02 , Light 02 . ’ Light
o1 , . Moderate 01 . 4 Moderate
0 === = Severe JRPEE S - Severe
" P
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80 9 100 110 120 130

Trahinla Talaniter e )

S § S A 3wy 3593 1 1 S andllae 390 o OB Sl b Joxie 5 IS

Fig. 26. Fragility curves of studied frames under light and heavy vehicles collision.
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Table 18. Exceedance probability of damage in studied frames with considering the damage
levels under vehicles collision.
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Fig. 27. Comparison of collapse probability of studied frames in severe damage level under light vehicle collision.
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Fig. 28. Comparison of collapse probability of studied frames in severe damage level under heavy vehicle collision.
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Fig. 29. Comparison of increasing collapse probability of studied frames in different damage levels under light
vehicle collision.
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Fig. 30. Comparison of increasing collapse probability of studied frames in different damage levels under heavy
vehicle collision.
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