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Research on Behaviour of Concrete-Filled Circular Steel Tubes with
Inner Section Steel under Complicated Loading States

Abstract

In the past, much research has been done on reinforced concrete (RC), steel reinforce
concrete (SRC) and concrete-filled steel tube (CFST) at home and abroad, especially, in the
condition of the members under simply loading states. On the contrary, research of the
members under complicated loading states was a little. But, with the deepening of research
and the need of practical engineering, the CFST with inner section steel has achieved high
performance and has been taken seriously, because of combining the advantages of SRC and
CFST.

In this paper, the research on behaviour of concrete-filled circular steel tubes with inner
section steel was carried out by the finite element software ABAQUS. And the main contents
are as follows:

(1) Based on the reasonable constitutive models of steel and concrete, the element type
and boundary conditions, the finite element (FE) models of RC; SRC, CFST and CFST with
inner section steel have been established and analyzed. it'is shown that the FE method can be
used to study the behaviour of the CFST with inner section steel by the good agreements of
the numerical computing results and the tested results.

(2) The numerical simulation of the CEST with inner section steel under compression,
torsion, bending and shear conditions were carried out, in addition, the stress distribution and
the bearing capacity conditions were studies, as well as the main influence parameters, such
as strength of concrete, strength of steel tubes, strength of section steel, ratios of steel tubes,
and ratios of section steel.

(3) The numerical simulation of the CFST with inner section steel under combined
loading conditions was studies, as well as load versus deformation curves and load
distribution conditions. Finally, the influences of loading paths on the members were

researched.

Keywords: section steel; concrete-filled steel tube (CFST); finite element (FE) model;

the bearing capacity; parameter analysis
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R 2-2 PPCTLAN AP TRt e e AR M S

1] EXGs D(B)x1xL Ty fy 1 TR Hdw
2N CIe mm MPa MPa  MPa +FI R
SC1 219x4.0x876 337 318 436 110
SC2 219x4.0x876 337 303 436 112
SC3 219x4.0x876 337 308 436 114
SC4 219x2.1x876 308 303 436 112 Tk
SC5 219x5.6x876 289 303 436 112
(2009)7®
SC6 219x4.0x876 337 303 53.1 112
g SC7 219x4.0x876 337 303 436 112 (T
. SC8 219x4.0x876 337 / 436 /
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NS-B 168x3.7x666 318 288 29.6 110
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R 2-3 ABCRYUAN AN TR e e KA A S

=] R D(B)xtxL fy fy fi YN i
i 95 (mm) (MPa) (MPa) (MPa) ¥ K5
CL-al 168x3.7x1176 318 288 47.9 110 FeE 2
CL-a2 168x3.7x1680 318 288 47.9 110 (2007)*
LC1 219%x4.0x1752 337 303 36.8 112
LC2 219%4.0x2190 337 303 36.8 112
LC3 219x4.0x2628 337 303 36.8 112
LC4 219%4.0x2190 337 303 53.1 112
1 LC5 219%4.0x2190 337 318 39.0 110 .
iz H B[ ARk
LC6 219%4.0x2190 337 308 39.0 114 o
(2009)"®
LC7 219%2.1x1752 308 303 39.0 112
LC8 219%2.1x2190 308 303 36.8 112
LC9 219%5.6x1752 289 303 39.0 112
LC10 219%5.6x2190 289 303 39.0 112
LC11 219x4.0%x2190 337 303 36.8 /
SL-10-1 | 195x4.5x1200 289 338 48.4 (10 FHEE
Vil SL-10-2 | 195x4.5x1800 289 338 48.4 110 (2007)*
iz KEH
A-43 195%4.5%x2400 289 338 48.4 110 o
(2006)*”]
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0s=0.06. HRHEHhZe4rAE, PDER ST 285 v DAY B
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Kiyomiya, 2003™*)), {7j1a)45fil(Tangential Behavior)s¥ F B € BE A 7Y

A S
]

I
I
i
I
i
i
i
I
i
i

(@) BB AR R (b) PRt 3 2
PR 31 L 0 BRI IR 3 7 2

31



PN C 2R AN (B AN TR B A 1R 52 & 2 MR RERIT AT

3.2.2 {2 RYISF
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AT T B F50 0T, BhARIE AR 3241 (19952) M4, FRi%35(2003)1°, & 22(1989)1,
JE$%(1990)°2 ., Beck Al Kiyomiya(2003)1?l, Kitada F Nakai(1991)M%f 12 A [ 71 4 i 14
BE TR B S A DL 2 A T7 T4 AN E TR B 2 A AR AT T T A - DR
TP I R B A 47 PR oA, & 3-2~[&] 3-6 Flram N AH ISR (R 56 45 51 il 28 A
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s (mm) (mm) (mm) (mm) (MPa) (MPa) (MPa) (MPa) K
SRC-1 240x260x1050 100%100%6%8 #4(12.7)14 #3(9.53)/150 324.4 312.2 372.7 (27.7)
A
SRC-2 | 240x310x1050 150x100%6x9 #4(12.7)/4 #3(9.53)/150 324.4 312.2 372.7 (27.7) o
=]
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(3) WE REE L Z T

K 3-4. & 3-5 73 AONIE AT L 5 AR A TR e - 2 A A AR L - A O AR il £k
RSB AADL 45 R it 2 5 e 45 R il 2 R ox EE TR, 1 3-6 Dy [T A AN VR s = 32 A

PR R - T 2T 4 A K B 0 A 2 P 5 S U0 25 2R 6
th £k &5, BT IRITTiA G .

33

ZERXSLEIE,  dox EE R R



PN C 2R AN (B AN TR B A 1R 52 & 2 MR RERIT AT

36 30 39
E20 | e E26 | e ’
2 V4
vy e i o I AT W
— ity —ith
0 : 0 :
0 10 20 30 0 10 20 30 0 6 12 18
o o o
(a) TCB1-1 (b) TCB2-1 (c) TB1-1
27 30 30
£18 | =TT £20 | e £20 | Lemoe
z 2 z 2% z .
~ ‘ p/ |
Y eeesee L wrf e L W/ s L
; —itm — it — itm
0 : 0 : 0
0 6 12 18 0 3 6 9 0 3 6 9
o° o° o°
(d) TB2-1 (e) CS1 (f) CSSB
30 30 99
£20 | .- £20 | o £66 | o
zZ Pyt Z 2 ,l
& 4 - n L 3 n
W 7 eseees i S B AREEEEEE e AN) - e
—itE — it / —itH
0 : 0 : 0 :
0 4 8 12 0 6 12 18 0 0.05 0.1 0.15
e e O/rad
() CSM6 (h) CSL6 (i) C-T
39 60 60
£ 26 , €40 | SN g4 .
z . z e z fooopaferts
R y y ,
Bl e s W eseees e L AT e
—— ity i — ity —itH
0 0 0
0 0.15 03 045 0 0.15 03 0.45 0 0.15 03 0.45
&/rad &/rad &/rad
(j) CH35 (k) CH45 () CH40
3-4 (G TR A T A A VR g 2 LA
30 99
£20 | g0 [ L oTTimreaa
zZ zZ Y
< < y
SwE S e e S®r S e B
i e
0 0
0 4 8 12 0 0.05 01 0.15
0/° 0/rad
(@) FC (b) S-T

K 3-5 5 Ak AN TR e 2 A A



Bl =22 67 1 3

------- e
4
(0] 20000 40000 60000 0 20000 40000 60000
LVATY Y/ ue
(a) TCB1-1 (b) TCB2-1
K] 3-6 KA FHLAE -2 T 4T 4 i K B AR O A 2k
#* 3-3 NERB L MG SRR
i | D(B)xtxL % fou . . i i
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