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Finite Element Analysis of Hollow Circular Concrete
Filled Steel Tubular Short Columns under
Axial Compression
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Abstract ; Through research, the most suitable constitutive model of concrete for hollow concrete
filled steel tubular ( CFST ) short columns under axial compression is found. Six commonly used
constitutive models of concrete are selected, combined with the existing test results, the model is
established by using the finite element software ABAQUS to verify, and the suitable constitutive
relationship of concrete is found. The parameters such as steel strength, steel tube wall thickness,
concrete strength and hollow rate are changed. The influence of different parameters on the
mechanical properties of concrete are studied. With the increase of steel pipe yield strength, steel
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pipe wall thickness and hollow ratio, the load shared by concrete decreases; with the increase of

concrete strength,the load shared by concrete increases. For the CEST short column under axial

compression,, when u, <0. 24 ,model MC7 can be used as concrete constitutive relationship ; when
0.24 <u,<0. 35,the model MC6 can be used. When u, >0. 35, model MC1 or MC2 can be used.
The finite element analysis results of CFST short columns with improved concrete constitutive

relation are in good agreement with the test results.

Key words : load-sharing ; constitutive relation ;hollow ratio;yield strength ;steel tube wall thickness
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Fig.2 Comparison between the measured curves and the finite element curves of typical specimens
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Table 1 Comparisons between finite element analysis

results and measured values when u, <0. 24

nwd N./kN No/ kKN New/N, -1
1A-1 2 152.49 2 190 0.017 1
2A-1 2 643.72 2 900 0.088 4
3A-1 2 863.76 2 930 0.022 6
5A-2 3439.54 3 100 0.109 5
6A-1 2 524. 86 2 750 0.081 9
73-1 2 496. 92 2 378 0.050 0
73-2 2 452.24 2 640 0.071 1
73-3 2 519.09 2 500 0.007 6
74-1 2 851.09 3370 0.154 0
7A-2 2792.42 3 050 0.084 5
75-1 3 144. 67 3673 0.143 8

2R

KA FRICHr i ABAQUS Hr 4k 14
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Table 2 Parameters of models

fes Ry/mm #/mm faur/MPa  f,/MPa IV e N,/kN
HSC-1 90 3 50 345 0.374 8 0. 106 2 690
HSC-2 90 4 50 345 0.380 0 0.141 2 984
HSC-3 90 5 50 345 0.385 3 0.175 3272
HSC4 90 6 50 345 0.390 6 0.209 3 565
HSC-5 90 3 50 235 0.374 8 0.072 2350
HSC-6 90 3 50 390 0.374 8 0. 120 2 826
HSC-7 90 3 50 420 0.374 8 0.129 2927
HSC-8 90 3 40 345 0.374 8 0.128 2 366
HSC-9 90 3 60 345 0.374 8 0. 089 3121
HSC-10 90 3 70 345 0.374 8 0.077 3565
HSC-11 20 3 50 345 0.018 5 0.019 4079
HSC-12 60 3 50 345 0. 166 6 0.334 3276
HSC-13 120 3 50 345 0. 666 4 0. 185 1874
HSC-14 135 3 50 345 0.843 4 0. 045 1376
SSC-15 0 3 50 345 0 0 3 845

o A REIRE oy (OHIRBE 137 7 R SR BEAR AR o f, S 0 S JIRSIRE s N AR AT BRIT MR BR80T s Ry 28
AR s, 2SO TR il S A A - (% I SO S E R A

BB 2 M T . < 0. 24 B3R5 B AR PR
TR S AR R B B IORE T, i
SRR B UG TR 8] 8 A& S HO
IR BE L AT B SO0, h AT L B

B T i B R FLRE TR ARG R YRR
Iy HET 2 LG B AT 5 R 5 o R e L TR
TG o3 P 28 L 5148



436 WHERKESMARBFR) 9536 &

5000

4000 -

3000

TN

2000

1000

5 10 15 20 25
{2 #/mm
(b)SSC-15

7 SENK A AR FEA B O

Fig.7 Load-sharing situation of different material in typical components

3000
2000
Z
B
=
1000 H
0 . . . .
5 10 15 20
N/ mm
(a) HSC-1
75
8 70
¥
=
m 65
S
qm
#® 60
=
oo
% 55 -
50 . . .
2 4 6 8
ME R /mm
(a) WERERE
80
X
#
G
g
e 70 1
®
i
o
i3
60 s s . s s
30 40 50 60 70 80
TR ¥E L+ 51 3% FE/MPa
() RELIERE

ABFREDRIF/%

AR RIF/%

80
76
72 +
68 |
64 , , , , , ,
200 240 280 320 360 400 440
4R JE IR 98 E/MPa
(b) % JE AR 9
90 1
60
30+
0 0..3 016 0i9
RN
(d)Z L5

8 A HOT IR BE L HH s FR A0
Fig. 8 Effects of different parameters on load-sharing of concrete
J1. BT FSEA AL X TR
AR,

4.2 FBSEINXERRAZ S EEHN I

&S HE R A AL i 2 an &l 9
Jin. HIE 9 (a) W] LA Y, Bl 4 0 45 BE TR
TR A L W BE 4R T 14 A A B RS T ]
150 2 0 A A TR B il e 3K A ) R R K 2%

HIPEL 9 (b) RIAI, Fifi 2 8 7 i i ik 52 394

PRI R 455 . K OB SR 7T 4
P R R F1. b IR A B o



53 4]

M A 0 R B TR il e A A BROT 2B 437

-0 M2 T BEBRBE , F SE P8

HIIE1 9 (¢) TR, B & VR 56 15 B R
U I DO B . A B ) ] W B2 v TR
BE U BB R N B RGRBE 1
FEME B2

Pl 9(d) s O B A g 28010 B T 28
RSO, Ho 3K F HSC-11 7 0. 24 <p, <

0.35 B, BT LU i ek 3401 (g 5 LAl 4G 4 A8
7). B2 ORS00 3R 34
KK T B 2503 8OK i i PR R 2k g
HAE. B 40, B HSC-11 T P M3 5 2218 4h
Ha iz D AR, i 28 N ez 2. 0
-2 B R KT B 25 0 SR v A 22
HEPEAF 2.

4000

3000 -

2000 -

FrE/KN

1000 [

0 5 10 15 20 25

AL /mm
(b) B R IR 3R B
50001 ——HSC-11
----HSC-12
------- HSC-1
L -.---HSC-13
4000 ----HSC-14
3000 |
E
%5000}
1000

10 15 20 25

9 HSECELm TR 2

Fig.9 Load-displacement curves influenced by different parameters

4000 [
3000} iv:
Z
20001
=
1000
0 5 10 15 20 25
AL/ mm
() PERE
4000 [
i
R
3000 [ i
Lo
.’-::I/\\:'."\
oA
..*Zd 'l,'l \\v'*\.\
&2000 i\~ .
i= Y NI
1000 — Hsc-s
----HSC-1
------- HSC-9
-.--HSC-10
0 5 10 15 20 25
AL/ mm
(c) IBELIERE
+- A\
5 én 14

(1) 2473004045 TR 6 il e A 1l IR 0%
BHE RE p, <0.24 BF 300 M 4T R R
;0. 24 <p, <0.35 BF P28 BT 2%
e >0. 35 B G PF IR i Zekrek F ot

(2) X F 25 0 4045 TR B8+ b e R A
e <0. 24F  HAR B + A4 3¢ 2 7] R etk
J& AR MC7 ;0. 24 <u, <0.35 B, 7] %

B MC6 5, >0. 35 i}, I SR AR MC1 8§
MC2.

(3) Fif 50 Je 5o | 7 B JE R 25
AR AP TRRE - o3 P ey k) ; B TR 1
SRR M URREE o AT K R

[1] YU M,ZHA X, YE J. A unified formulation
for hollow and solid concrete-filled steel tube
columns under axial compression [ J]. Steel



438

Tk B B OR E eE R (A SRR )

%36 %

[10]

construction,2010,32(4) :1046-1053.

WA= 25 0 9 A R B A PR TERE SR 2540 v 1Yy
N R AT R [D]. 7M. TR 2,
2015.

(LAN Chen. The study of hollow concrete-
filled steel tubular in economic and structure
[ D ]. Guangzhou; Guangzhou University,
2015.)

TR, PR R = B2 O WS R EE R
HEAER I E TR B AT SE A i (7] &=
AR SR T2 ,2018,40(6) :98-107.

( WANG Hongwei, CHEN Shaojie, ZHOU
Yun. Reliability analysis of circular hollow
concrete filled steel tube short column under
axial compression [ J ]. Journal of civil,
architectural & environmental engineering,
2018,40(6) :98-107. )

YU M,ZHA X X,YE J Q, et al. A unified
method for calculating fire resistance of solid
and hollow concrete-filled steel tube columns
based on average temperature[ J |. Engineering
structures 2014 ,71 :12-22.

TR, T A%, T5 . 230 A A TR B A
FESGRE S EVERESI ATV ]. AN A 1%, 2018 ,38
(4) :136-141.

( ZHANG Weizhen, DING Faxing, FANG
Changjing. Analysis of mechanical properties
of concrete-filled hollow steel tubular short
columns under axial compression [ J]. Journal
of China & foreign highway ,2018,38(4) :136-
141.)
ZHAO Y G,YAN X F,LIN S Q. Compressive
strength of axially loaded circular hollow
centrifugal concrete-filled steel tubular short
columns [ J |. Journal of constructional steel
research,2019,201:109-117.

SREEL. 7 A4 R TR BE LA URR IR RE 1 R
FE[D]. I ATl K ,2014.

(ZHANG Rui. Experimental research on seismic
behavior of square steel tubular columns filled
with recycled aggregate concrete [ D ]. Hefei:
Hefei University of Technology,2014. )
B0 AN ] I 25 S A9 A8 TR I L Al
H2RH T S — B RFFE[ D], BRI I
IR Tl K2#,2010.

(LI Yuting. Research on the hollow and solid
concrete filled steel tubes with polygonal and
circle section under axial compression and
complex stress[ D ]. Harbin : Harbin Institute of
Technology,2010. )

rhe N RO 5 RO £ A 5. TR BE
ZEHY T TRLIE . GBS0010—2016[ S . bt . 2
STl Hi AL, 2016.

(Ministry of Housing and  Urban-Rural
Construction of the People’s Republic of China.
Code for design of concrete structures:
GB50010—2016[ S]. Beijing; China Architecture
& Building Press,2016. )

MR . TN 7 e DR R E - B DU L RERT
FE[D]. K KEERY,2014.

(YANG Zhijian. Research on seismic
performance of prestressed high strength
concrete pile [ D]. Tianjin: Tianjin University,

[11]

[12]

[15]

[16]

[17]

[18]

[19]

2014. )

FATERE. B Oy B s DN TR EE AR DU M AR
R IrEfFgE [ D] 0 TR 2% ,2012.
(LU Dehui. Research on the seismic behaviors
and design method of circular and square H-
CFST columns [ D ]. Guangzhou: Guangzhou
University ,2012. )

MR D2, 55 25 DN EHR BE 1 AT AE Rl ) I )
YEHIR Bl SEPE AT [ D] I )N R,
2017.

( CHEN Shaojie. Reliability analysis of solid
and hollow CFST short column under axial
compression [ D ]. Guangzhou; Guangzhou
University,2017. )

B EHERT, AE SF . S OB IR BE L
BUBRE S e — S [ 1] IRBUR 7%
#2,2017,50(6) :829-835.

(YU Min, XIE Jiaxin,ZHA Xiaoxiong,et al. A
unified formula for solid and hollow concrete-
filled steel tube columns under shear [ J].
Engineering journal of Wuhan university,
2017,50(6) :829-835. )

YU M, XU HM, YEJ Q,et al. A unified
interaction equation for strength and global
stability of solid and hollow concrete-filled
steel tube columns under room and elevated
temperatures| J |. Journal of constructional steel
research,2018,148 .304-313.

A e, 25 DAL TR EE LA [ M]. L
AU Rk R, 2011,

(ZHA Xiaoxiong. Solid and hollow concrete
filled steel tubular structures [ M ]. Beijing:
China Science Press,2011. )

YU M, PEI X, XU L,et al. A unified formula
for calculating bending capacity of solid and
hollow concrete-filled steel tubes under normal
and elevated temperature [ J ]. Journal of
constructional steel research, 2018, 141 216-
225.

ERAR AREAR, P . 250 8 25 0 A
TREBRE Aty s R A A P R S R 48 2 i Y
WF5E[T]. TR 1% ,2007,24(10) : 112-118.

( WANG Hongwei, XU Guolin, ZHONG

Shantong. Study on influence of hollow ratio to
bearing capacity of H-CFST [ J |. Engineering
mechanics,2007,24(10) ;112-118. )
WU B,ZHANG Q,CHEN G M. Compressive
behavior of thin-walled circular steel tubular
columns filled with steel stirrup-reinforced
compound concrete [ J ]. Engineering
structures 2018 ,170:178-195.

DING F X, ZHANG T, LIU X M, et al.
Behavior of steel-reinforced concrete-filled
square steel tubular stub columns under axial
loading[ J]. Thin-walled structure,2019,119.
737-748.

ALIFUJIANG X, MAIMAITIYASEN M, LIU
X R, et al Experimental study on transverse
reinforcements of reinforced concrete-filled
steel tubular column [ J ]. Engineering
structure ,2019,199(15) .410-422.

(TEALSniE kA S SCHT R XK %)



