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Dynamic response and parameter analysis of concrete-filled steel
tubular structure under lateral impact loading

JIANG Shan, LU Guoyun, YANG Huiwei
(College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: By employing the mode approximation method for rigid-plastic structural dynamic behavior and numerical
simulation, a dynamic response analysis was conducted on circular-section concrete-filled steel tubular (CFST) structures
subjected to lateral impact loadings. The mechanical model of the CFST structure was equivalently represented as a rigid-
plastic foundation beam model according to its plastic behavior. Under the linear velocity field assumption and the geometric
similarity, the equivalently initial velocity for mode approximation of the structure was derived and compared with the existing
experimental data. An analytical solution for the plastic lateral deformation at the mid-span of the CFST with two fixed ends
by the rigid-plastic mode approximation method was provided, yielding non-dimensional geometric and physical parameters
that influenced the ultimate lateral plastic deformation. A numerical model of the CFST structure under lateral impact was
established using ABAQUS/Explicit. The theoretical and numerical predictions were both compared with existing experimental
global deformations. Dimensional analysis and numerical modeling were combined to analyze the geometric and physical
parameters, as well as the initial impact impulse, which influence the plastic deformation of the CFST structure. The results
demonstrate a good agreement between the theoretical, numerical results, and experimental data, confirming that the plastic
deformations of the structure align with the assumed distribution of plastic hinges. For geometric variables, the ratio of length

to diameter and ratio of thickness to diameter exert a significant influence on the final lateral deformation. The relative width of
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the indenter can alter the deformation shape of the structure. The physical parameters of the steel tube and core concrete have
less impact on the deflection at the mid-span compared with the geometric variables. The final lateral deformation of the CFST
structure exhibits a quadratic correlation with the initial impact impulse. Finally, the applicable range of all the theoretical
analysis variables is given according to the corresponding parameter analysis. The proposed mode solutions for rigid-plastic
response provide a reliable prediction of the plastic deformation behavior of the CFST structures under lateral impact loadings.

Keywords: concrete-filled steel tube; lateral impact loading; mode approximation analysis; finite element analysis

PEVRBE T (concrete-filled steel tube, CFST) ¥4 {4-4F S o5 52 T3 ¥ 144 T8 W 416 4540 B AT L R 19 )
SRR, O IZ N T 2 B RS SR T 5 55 TGS Ry rh U SR, 25 7E A% 1 P B 7K
1A AN, B ] e A7 vty | B SR AR AT, A AR AT Bk D AR e L 4 S A R
fi il MR B R AZ e 2 B I ol AR, S SRR A A2 b T 7 AR KA TR sl R K AR 7, T fE ] R
IRZER IR, DRk, A5 s B mr VR F TSNS TR B 1A 1% 20 g iy LA AR ) TR R S

O A1 2 27 5 XTI A TR BE A (A b o 2 AT VR FH R 09 0 2= LR A T 130 . BB L % ff A58
DI ST . EEEP Wang S5 F1 Han 8517 516 J5 Xk 53] 46 17 5 360 40 287 VR 6 1= A sy i T B TR 6 Al (R dE AT
T —F25 I v, 456 BUERA 5 T M AF R b O L M 1) AR T K KA A AR 43 i R T - 1 AR AR A,
JEER T ANAETREE T AEM ] vp il R AP AT . E R A i o b T TR B
A 53 SE 7R A A A TR B AT R s SR g 1] ip et 3l g e 1, A B AR TR O 1 T W A A AN B
i AR ) FPTAS I B T, IF 51 A B 1K R BURN fig 1 WO L o AN A TR E A A T R R T T
1E o Zhu 880 X625 00 B o B e R e - AN A TR BE AR R AT T O ) b X, 2R T P IR -
B ol A BE AR 3R, T I PN SELTR R - %) R B T A0 A 2 ) R RS, AN ] ot £ BE T R e A A
IREE AP PERE . T GE AN S EE AR L B T — WO B A I ey 1R T NS TR e
A 52 s 2T S 1 B Ty R, e SR I AT 2 G RAR 1 52 b JS B R B, AT 1) 4 R A R 3
1o EREHASENY J T VR vp b 00 FEE B 5E T AR BE A AR TE | 2T R 2 TP,
MR 4 BB A A 25 A G T B A TR BE 1 A i I SRPF A 4R, IF 87 T 2% 18R TP FE AR 1Y T R PF A S 1Y
AT 27 3 30 o B 43 B S TR A T S R X A A8 VR BB b A A A A ) ok [R) A T TS BRI e A
TR S SR T AR TP AT T RS- A DGR, et T I IR B A B2 bl A 1 T B i h AR B
fAi AT T 5 A7 . Bambach S5 X6 5 T 48 1T 25 B RN A0 A TR B8 A R AT 1 00 1 v o 2 A S 1 SR 1 R
SRR N 53 BT, IR FH 2% SR AR R A 1Ty 2k T S A A A TR R RE R O . Wang U SR R
HRASIE = B BB s AR A T 1) vps A NP SR A LB MR TR G R, A T T 2R
ity 3P SE AR STV o 25 AT UL, WA TR BE A RS2 A ) e B R T B 1A T A s 2 T
RIS FVEE AL, B B0 53 BT 22 2R FHUMERR S 20 BT 45 2004 1 1 B R 78 8 PR IR 38407, X TA R 11 3
T30 SRR SR L, B AR R A A 1) B A AR TR i AR A R AR I RS A, 77 SR I et Al ik AR
T L T2 0 3l 7 2 43 AR AR B A TR 5 - A (232 M 1) b I ) SR A8 B 2R 47 0 A o

X TR B - ZE R AT Bl 2 4 B, AT A TR R S A5 R M S M 25 4 A7 ek T 1Y) B 28 o
(B R, i 7 3 R AT 43R AR A T8 3 1) I 285 el 17 i B AR DA B 5 ok S A i 1 B B UYL X S A A
RS 17 B BEJS, S R B A, TR 2 W0 A6 TR 37 1 AR AT G A AT R0 B ) 5 R SR AR 4 A
e 2 10 517 ) P AR g 1), R A T IR A I 1 A B 45 4 PR s AR LR RS 1 R 2 B AL B R

AT, SRS B TR AE A A4 A ) 1) s 84 4 T 19 30 0 e O REAE, Gz FH ISR PR 25 A AR A5 AT
5, B RS TR BE 1 SR AR S M T R | % M P R AR | SR 2V o B S B, R R R AR AR 1Y B K )
U S5 80 B AT HE T, BIF ST AN TR 5 - 00 1) 28 ASE =, & 1 00 ) oo 280 0 T AN TR O - A 1 PR P A
TE WY FEAT Rt o R H A 150 B B AR Y S 40 04 5 B RN IS R, i ek o7 A B DGR AR, JRAS 1R 40 10 A8 TP
AL K vy J5 AN A 5O TR BRE - AR TR R 515 O, FEZ5 A P B IR SERAT f rh 0 LA S50 S8
) b 55 TG o R e X A TR B 45 ) ) [ SR A T ) S

112203-2



543 4 %W, AFe M el T IR EE LR Bl W K ST 5113

1 RIZEESHh

1.1 S5HR N ZE 14 18 E AN 461 37

B BE AR 1 52 2 1) ol 2TV L B2 FEIE 2S5 1A 1(a) Bz o AR EE Wang 25 #il Han 2517
ARG 235 SR TR, A A SRR A TG 5 AR A 1] 45 R s 98 [T S5t HG rR AR AR TR Dy i Sk AR AL
L GRS ST DX SR R 14 S e e S A ST 14 AR B B 8l R S A A ety X IR 111 TS AR S
S o R AT e el A AR I g S AR S B 3 AN B, S DX ) A e I, A TR B R A
G5 A 1A Bl g 0 IO = DAy il ] AR B [ S A2 TR Y, DAL b g G T A S BRAR A R 1 A P P A
FAUT A 1(b) Bz o WA i 6] S A I A AE TR BE LA P Iy L, B SRy me SEJE N 2B B i Sk L v B
S RE XS AE P HEAT O 16 i, SN BE TS B, ABURE PN SECIR 36 - O AR W 9B 4 (rigid-perfectly plastic, RPP) #1
B, 2N L A7 FEAE I SR E

(a) Deformation of the CFSTI*”!

M, Indenter M,
N, CFST N,
Plastic
foundation
/ /
:
' L2 L2 :

(b) Plastic foundation beam model

B 1 BEIREE LSS T A ) 2
Fig. 1 Schematic diagrams of CFST structure deformation and mechanical model
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Table 1 Parameters of test members

i RIS mikg L/m v/(m's™) D /mm hfmm Jf/MPa f/MPa wp/mm He
1 CC1 465 1.74 9.10 180 3.65 247 65.74 57.00
2 cc2 920 1.74 6.40 180 3.65 247 65.74 60.00 SCHR[7]
3 CC3 465 1.74 9.67 180 3.65 247 65.74 72.00
4 DBF14 229.8 1.2 3.96 120 1.70 232 33.73 19.44
5 DBF16 229.8 12 4.14 120 1.70 232 475 25.66
6 DZF22 229.8 12 7.67 120 3.50 298 475 39.42
7 DZF23 229.8 12 9.90 120 3.50 298 475 63.78
8 DZF24 229.8 12 10.19 120 3.50 298 475 65.40
9 DZF25 229.8 1.2 8.93 120 3.50 298 475 72.42
10 DZF28 229.8 1.2 11.54 120 3.50 298 47.5 79.42 SCHRIS]
11 DZF30 229.8 12 11.63 120 3.50 298 475 82.30
12 DHF35 229.8 12 10.84 120 4.50 290 475 33.06
13 DHF36 229.8 12 14.48 120 4.50 290 475 73.24
14 DHF37 229.8 12 14.00 120 4.50 290 475 56.20
15 DHF39 229.8 1.2 11.71 120 4.50 290 475 38.30
16 DHF40 229.8 12 12.52 120 4.50 290 475 48.10
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Fig. 6 Comparison between theoretical and experimental mid-span deflections
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FRAE X (14), B 52w A =00 1] A2 TR (4 T s 2N S50 R 5 A4, 430 T 6<p=<<15, 11: 0.01<<1<50.06,
IM: 0.01<<£<€0.05, IV: 0.10<a<X0.35, 0.293<8<00.331, V: 0.10<<7,<X0.20. H3 5 4443 B 26 UM 17 1) A B
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JE p=7800 kg/m?, Ji IR3% B £=355 MPa, i Sk AR5 B

=2 BRTEHISH
Table 2 Parameters of the FE model

Bz Rl my/kg v/(ms™) D/mm h/mm f/MPa p(kgm™) B/mm
I 920 16~6.75 300~120 3.6~9.0 60 2 440 27
I 920 8.1~11.2 180 1.8~10.8 60 2 440 27
It 920 9.4 180 54 60 2440 9~450
v 920 9.4 180 5.4 40~80 2300~2 600 27
\ 150~1000 2.8~143 180 5.4 60 2440 27

3.1 JLASHAIFm
AR 1L AN ZH A BAE HURE AT A LTS8 F €PN TR e LA PR W BB AS IR i m, dnf&l 7
s, Forp I 7(a) 45 1 T RPRES TR e EERE A R B9 AE Ak, i 1A 7(a) AT LU I, BEE ASE K, AR5 B
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Fig. 7 Effect of geometric parameters in mode solution on the mid-span nondimensional deflection of CFST
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