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Behavior of Column-Foundation Joint under Vehicle Impact
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ABSTRACT

Structures are often subject to vehicle collision which can be accidental or terrorist attack. Previous research shows

that the damage in major columns may result in progressive collapse of a whole building. This study investigates the performance of

a steel column standing on a reinforced concrete footing subjected to a vehicle collision. The size and the axial load of the steel

column are determined based on the assumption that it is the first story corner column in a typical three-story building with six meter
span length. The finite element model of a eight-ton single unit truck provided by the NCAC (National Crash Analysis Center) is
used in the numerical analysis. The finite element analysis is performed using the LS- DYNA, and the results show that the behavior
of the column subjected to car impact depends largely on the column-foundation connection detail.
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Fig. 1 Finite element modeling of F800 truck

Table 1 Information of truck FEM model

Shell 19479
Number of element Solid 1248
Beam 124
Weight of vehicle (kg) 8035
Elastic modulus (MPa) 205000
Vehicle geometry (B x H x L, mm) | 2400 x 3200 x 8500
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Fig. 2 Model structure with span length of 6 m
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Fig. 3 Structural plan of the model structure

Table 2 Design loads of model structure

2
Gravity load D?ad load (kN/mz)
Live load (kN/m?)
Wind load ExPosure category B
Wind speed (m/s) 30
Seismic zone 1
Seismic load Zone factor 0.22
Site class Sd

Table 3 Section information of frame

Bl H 244 %252 x 11/11
Beam B2 H 300 x 305 x 15/15
(A36) B3 I 350 x 150 x 12/24

B4 H 300 x 300 x 10/15
Cl H 244 x 252 x 11/11
?215”7“;; 2 H 388 x 402 x 15/15
C3 H 394 x 405 x 18/18

ASTM Steel
Beam : A36
— — — Column : A572

0 0.05

U‘! 0v|1 5 02
Strain (%)

Fig. 4 Stress-strain curve of structural steel
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Fig. 5 Detail of foundation

Table 4 Design parameters of foundation
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Fig. 6 FE mesh generation of a beam-column connection

Table 5 Modeling information of frame

Concrete fy (N/mm?) 24 Yield Beam 250
El‘;z Base plate SM490 strength Column 345
Anchor bolt SM400 (MPa) Weld 540
Concrete fy (N/mm?) 24 Tensile Beam 400
Rebar f, (N/mm?) 400 strength Column 450
l:z(lizliiil Main reinforcement 4EA-2Row-19 (MPa) Weld 580
Hoop rebar D10@300 ‘ Beam 0.2
Geometry (mm) 300 x 350 E;f“éf;ﬁ“ Column 0.18
Concrete fy (N/mmz) 24 Weld 0.1
Foundation Rebar f, (N/mm?) 400 Elastic modulus (MPa) 205000
Dimension (mm) 1700 x 1700 Poisson’s ratio 0.3
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Fig. 7 3D impact simulation of model structure

396 | =238 ESe| =24 M267 X3= (2014)

TEAA A3 Fig 83} 2ol TET AAFo] A7) <]
shtel 712 AIHE s FIjste] FxE URE
FEetslon, Fig 9= TE°] AR 7EAa4e] A 4

ok A
H

#a 517} 5—7}6}

_‘1
b oy

= T g 71%(A4)9 =
A3 wpekele] ApEko] FxE O YRZ AFsg o)
U3 7]5(B4) 22k S50l o3 &4k wyalA] kgih

3.3 B 7|8 S=lM o

of AAME A3} FEIHE V)% e J1E g

o AR AFEL wAAOE BN ekl FA%
F& we A FREIA AHAA AE0] By
ang Belde] A4 Fustgon, AYsl B

_%
=
EE5EE 120 kmhE A g3kl A 750 27) o4
= 30 mmE AT}

Fig. 8 Analysis result of impact simulation (t=2.0 sec)
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Fig. 9 Vertical displacement at joint



Fig. 10 Single column impact simulation with boundary conditions

Fig. 11 Result of single column impact analysis
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Fig. 12 Results of impact analysis

Ferrer 5199 Aellds & A 715l ALow
FTEh: A TEHNNES FHson, o ATelME
7

Fig. 103} #o] sdst
34 tiRl 7|18 &S0l dxt

Fig. 11> 8E Egy} v 7|59 FE342 dx=,
TE DA F 0.06x2] E4S YERSITE dlA A
w2 7)Fol e ] FAs o ste] 7E

shpel 712 el AR Aol sheEe & 4 9l

1o
ofj
iy
:<I>L_:‘
2
iih)
K

T
o
ot
-
o,
ol

9} ol m
st Aol FAGES L 7 EelA B U
My qUAE YeRdQlth 73 Hee FEo] 2T
of we} FAS Ttk Ae & F e, T35
o2 gt 7)Fe WS W] Tt et F
= %7 0.025~0.04s TZHA UF HE oiX|7} 57
sHAl S7kshs RS R YEEth T3t 7]Go] $hds] o)
T & U WY ey 9] bS] fashe Zo®

LrEbstoh

4. 34 5300 digt HYeie 2L

_0|L
M
N
of
_0|L
-z
o
]
B
oy
-z
10,
fol

olgfgt 7 wido| we} Fig. 133 #2o] 7]5-7]1% F
-0 FElE BT STHAE ERelSlTh 27] AAGH
%1 N-type, N-typeoll Al BAEES] 75wt BAHEH A-type,
A-typeoll Al JAEZES AA S F il SV At-type,
N-typeoll A Hu|AE 7159 %5 159 F7FA1%] F-type

A S=0

olst VISl 232|E V|= T HS E7H 397

Off



A
ug
i
L

(a) N-type (b) A-type, At-type
TIT LT
L[] T4 T

(c) F-type (d) AF-type

Fig. 13 Reinforcement type of column joint

Table 6 Reinforcement types

Number of Anchor bolt |Pedestal column

anchor bolt (EA)| diameter (mm) size (mm)
N-type 4 16

A-type 10 16 300 x 350
At-type 10 32
F-type 4 16

P 750 x 750
AF-type 10 16

2231 F-typeoll Xl AEES] /f+E B7SH AF-type=
Bt B Ao mE 7]x0) A WA
L Table 69 YERHATE

42 EZHE HEFE XEB S5 oM

&
ol old % %Eﬂﬂl SJsto] WA 152 54
2 Fol7k A FEo] MAsHE WY Fol A o
A Aoz Erdth W BARES] A%t Bobd
% suag 2agEe o) 2 tekd

1% FEANY AP A5 A2 £4 947 A
o e W SHelA st w3 3
B9 o] upE e T4 Exsh HAshl
son, PAREY T4l HoldsE e g
zo] whtt s &40l AA Frhskdnh A
2o %2 o

o] £ FrEhE e B asrr 24 e A

)jv

it
ol

398 | =238 ESe| ==4 M267 X3= (2014)

(b) Impact velocity 120 km/h (t=0.05 sec)

Fig. 14 Analysis result of the column with reinforced pedestal

300
Corner Column
N-Type
-------- Atype
250 — At-type /|
———— F-type 4
AF-Type K4

200 —

150 —

=
(=]
|

Displacement [mm]

50 —

0 0.02 0.04 0.06 0.08 0.1
Time(sec)

(a) Impact velocity 40 km/h

3000

Corner Column
N-Type A
-------- Atype /
2500 — At-type -
s Fotype ./

7 AF-Type /'

Displacement [mm]
I

0 0.02 0.04 0.06 0.08 0.1
Time(sec)

(b) Impact velocity 120 km/h
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