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Simplified Analysis model of Circular Concrete-
filled Steel Tube Under
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Abstract: The dynamic response of fixed-end concrete-filled
steel tube specimens under lateral impact is numerically
simulated. The developing mechanics and characteristics of
“plastic hinges” at the location of the mid-span and support
section of these specimens are then analyzed. At last, a
simplified analytic model is put forward to predict the
maximum deflection of circular concrete-filled steel tube
specimen under lateral impact. The comparisons and
validations of a set of cases show that the results from the
simplified analytic model agree well to the results from the
numerical model. The simplified analytic model can give an
ideal prediction on the dynamic ultimate moments of the

support and mid-span sections and the maximum deflection of
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the mid-span. It can also be referenced by engineering.
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Fig.1 Deformation shape of the specimen

after impact!"’
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Fig.2 Finite element model of the fixed-end specimen

PR A S TRBE 1 X R A B ok B R
TFUSCBIOME I 7S T 4 solid164 S {4 BA T TR 4L L 76
WS AL L R L POA% /N 2 20 mm, A SCE i
2 SRR T g 24 R DX 3 A LS A s e 2 T I
&R ABLALIAA 4 4 iy [5] = 5 220 W% 50 8 S TR B T 2 Al i)
TR s N SR e R S R4S = IR ZERe 14
Ao A R BRTE B R B FR A . e R A
CONCRETE DAMAGE REL3(MAT 72 REL3)
FTEEEE ARk , L0 A AR 4007 3 2+ 152 5 SCik[12 ]
FHIFI A 3l 7 15 K Z 55 (DIF) il 6 ok 2% 1. ik R
PLASTIC KINEMATIC(MAT 003) #4 M7, 1t A4
MBI AT LR AL % | B S5 9 235 4 A 1 7 1
BNECE T e . v AR 5 A TR B Mz
V) )32 ik R P T 1T 2 fh IS R AL 38 1 B M T 3¢
R0 1l v S iy b P S48

2 HHEDN.FHEWRE

2.1 HEISHRIREIE

T IURRAE IR B0 45 TR BB AL A A2 e o s 1)
THMERFEAES 2 T 00, Hp g R . D < L x t
7 114.0 mm X 1 200.0 mm X 3.5 mm ., 5[ %, 49

F1 HHERWHESE
Tab.1 Material parameter of the drop tests

W/ PRPERERE/  smRfuBTRL/ JEARBREE/ IHAR

R (kg e m™%) GPa GPa MPa It
Wk 7.850% 109 206 3.09 241 0.3
ahils e R {'ff‘ﬁﬁr 206 3.09 241 0.3
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Fig.3 Mid-span section(z =600.0 mm)moment versus

section center x-displacement curve
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Fig.4 Near support section(z =1 180.0 mm)moment

versus section center x-displacement curve
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Fig.5 One-fourth span section(z=900.0 mm)moment

versus section center x-displacement curve
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Tab.2 Parameters of the mid-span section

- fy/ S/ M.,/ Mg/ M,/
D/mm T/mm (N mm=2)  (Nemm-2) (10°N+mm-» A0'N .+ mm-1) 10'N . mm-1)  Me/Mo M/ M.
114 3.5 241 32.40 1.21 2.82 2.52 1.12 2.33
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Tab.3 Effect of concrete strength on the value f
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Tab.4 Effect of steel strength on the value p
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Q235 1.21 2.82 2.33 100
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Tab.5 Analysis of the specimen length

M,/ Mg/

L/m qeNomm- 2 Q0'N.mm- P G

1.2 1.21 14.87 2.82 2.33 1.00
1.6 1.21 19.83 2.65 2,19 0.94
2.0 1.21 24.79 2.60 214 0.92
2.4 1.21 29.75 2.53 2.09  0.90
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Tab.6 Analysis of the impact energy

B/ (107NNqurflm’1) A (107NN-[dr£1rn’1) B C:
£760.73  1.21 0.10 2.60 215 0.92
8 940. 65 1.21 0.18 2.82 2.33 1.00
4 760.73 1.21 0.29 3.07 2.53 1.09
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Tab.7 Analysis of the impact momentum

Pl/ﬁ M.,/ . U/, Ma/ . 3 s
(Nes ™) (10'Nemm 1) (mes™ 1) (10’N«emm™1)
3 576.26 1.21 93.1 2.66 2.20 0.94
1904.29 1.21 49.6 2.82 2.33 1.00
1192.09 1.21 31.0 2.94 2.43 1.04
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Fig.9 “Equivalent plastic hinge” analysis model
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Tab.8 Cases for verifying the simplified analytic model

TH DXLXt/(mm>Xmm*Xmm) ZAREER MR Pi/(N.s™ 1) Ei/] Cy Cy Cs
Al 114 %1 600 % 3.8 [# [ JREEL C50 A Q235 1904.29 8 940.65 0.942 0.993 1.033
A2 120 %1 600 X 4.0 [#]— [ JREEL C60 44 Q345  2189.29 11 817.00 0.972 0.961 1.030
A3 1001 200%3.5 i | JREEET C40 B4 Q235 1555.48  5965.25 0.973 0.988 1.005
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Tab.9 Cases for verifying the simplified computational model
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