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Elasto-Plastic Analysis of Concrete-Filled Circular Steel Tube Stub
Columns After Constant High Temperature

DING Fa-xing, YU Zhi-wu
(School of Civil Engineering and Architecture, Central South University, Changsha 410075, Hunan, China)

Abstract: Based on the research of the mechanical properties of concrete at uniaxial compression
and steel at uniaxial tension after constant high temperature, the axisymmetric triaxial
compressive stress-strain relationships of concrete and multiaxial stress-strain relationships of
steel after constant high temperatures were suggested. Based on continuum mechanics, the
mechanical model of concentric cylinders of circular steel tube with concrete core of entire section
loaded after constant high temperature was determined. Applying elasto-plastic analysis method,
theoretical calculation formulas for composite elastic modulus and composite stress-strain
relationships of concrete-filled circular steel tube (CFST) stub columns were proposed and a
FORTRAN program was developed, and the load-axial strain relationships of CFST stub columns
after constant high temperatures were analyzed. The analysis results are in reasonable agreement
with the experiment ones.
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Fig.1 Relation of Stress and Strain of Materials

After High Temperature
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Fig.2 Calculation Model

e T B A YR B e A R B B P G
J1-BiE KRN
JSL=Elel )
b BN R S 94 TR BE T 2 B e AR
O
El=0—pEl +pEl +20! —
V(1= ) pQ'ET 9
s o R B9 B TR BB L AR AN A IR R B, o= AL/ A
At/ Dy AL VA S ) D 4 AE AT T AR RE A TR e
OB T AR £ D g 3] O B A RE R AN A A AR Q1
={[1=w =206 In"p +[2—GD?* —p+p +
oGP n"=E!l/E!,
ol T %O TR BE L B4R N ) o) B T B )
o, NI N ) oi.c
o =05 =p(w —v)IQ'Elel
GIT,.,C:EECTJFZPVCT(WT—VZ)QTEZ]&ZI
e i S %O TR BE AR ) N A2 e I ER [a] AR

~
(o)

(10)

.
€0,c

ehe=en.=lpl1 =l =206 ]G —
vQn" —v! el (1D
[ Y K= DR N D A e 2 N [ WA I/ B
[N S) ol N
0. =L(D/2r" —1]G DO U —pQ'Elel
o *[(D/Zr)z—Fl](ch*vZ)(l*p)QTEerl (12)
ol =[1=2 G =D A= Q" JE!e]
e e S5 AN AR ) AR e R ) AR e Ry



% 14 TEX. 5. 53R ERAMERE LM EEERPE SN 37
el . ={(D/2rn* A+ —[1—vI— e =1+ /U—p/H—[1——
WD) A= G D@l 1 DN A= GI D e
vIH?] ) (ve —v €L Vs € 13) GO A= Gl =) Qlel —viel - (16)

e =—{(D/2r)" A+ +[1— —
@Z)ZJ}(1—P><»Z—»Z>QTeZ—uZeZJ
e i B A YR BB il T A O MR B B 4
fe=Elel
El=—pE+oET+20 =y -
(1=p)pQE
e U e B T IR 8 1 g
o =20 =D A—pQ'ETel
ol . =[1=2/ G =D A= QI EVe]
QI ={[1—vw =206 In"p+[2—
WO —ptpul TG 1} !
nl =E"/E"
Ef=E! =20 ! —vDHQIE!
Ao EV s (D SRS A B i bt
e T e B e R D 1 R A CIBUA A R T Sy

| aw

(15)

e =— 1D/ O—p/H+[1—v—
GH* A= GE—=vDHQlel —vlel

|
5 B

ML LA E o3 A s A2 SCHRES b 48 0 R T 4N A
TR 5 - b P 6 A 3 0 P 4 3 AR 43 B B A S A
E— 2 G i = S B A A AR ), vT AT
FEL 5 T S B TR R R A e A 3k (N N =
SeeAD - R (el ) Al 2, & 3 1 ey e 5 A9 4 5
TR BE - KA = M BB TR 6 il P e R for 288 T 4 il
AR SR S R3] L4 ] bl 45 R 0
TFREE R 550 45 R W) & BT, B 3 TR L T200 2
Bl R aE AR e TR 2 200 °CLIfEIR 3 h J5 H
KRB ERERG O,

4 % E

2800 2500F 1600F
24008 2000
2000 :
1500
_\%1600 _\%
B H 3
12005 1000 {133 mmX4.5 mmX 399 mm 133 mmX4.5 mm X399 mm
s00k i| f=433 MPa, i =324 MP
| DX¢XL=165 mmX4 mmX 500 mm s00k | 7 =67.6 MPa,T20 400 S a,
400§ f=338 MPa, £=71.3 MPa,T20 « ’ J.=38.9 MPa,T300
0 1 1 1 1 0 1 1 1 1 o 1 1 1 1
0.01 0.02 0.03 0.04 —0.01 O 0.01 0.02 0.03 0.04 0.01 0.02 0.03 0.04
e; N e
&, L
(b) C20-1
2800F L
2400 [[-. I — W5k
2000 4 L - T 2
§ 1600F]
< 12004 ; ;
800 IDX X L=165 mmX4 mmX 500 mm 800 ::DXtXL=165 mm X4 mmX 500 mm DXtXL=165mmX4 mmX500 mm
o - 400 [/ % o
400} /=338 MPa, £=71.3 MPa,T200 4004 /=338 MPa, £=71.3 MPa, T500 f=338 MPa, f=71.3 MPa,T700
0 1 1 1 1 0 1 1 1 1 1 1 1 1
0.01  0.02 0.03 0.04 0.01  0.02 0.03 0.04 0 0.01  0.02 0.03 0.04
e; ' g
(d) 5-432 (e) 5-435 (f)5-437
2500 2500 2500

[DXtXL=133 mmX4.5 mmX399 mm
f=433 MPa, f,=67.6 MPa,T200

0.01 0.02 0.03 0.04

el

() C200

& 3

DX ¢XL=133 mmX4.5 mmX399 mm
f=433 MPa, f,=67.6 MPa,T300

21500
N
=1 000}
— R ih £k
£707)) R S 2

DX tXL=133 mmX4.5 mmX399 mm
/=433 MPa, f, =67.6 MPa,T400

0.01 0.02 0.03 0.04

e

L
(h) C300-1

0.01 0.02 0.03 0.04

&7

L
(i) C400

0
—0.01 0

EEEENERELIHMEEEITEME S IXE MENLLE

Fig.3 Comparisons of Calculation Curves and Test Ones of Columns After Constant High Temperature



38 AHAFE TRFR

2006 4

SRR T A 2 ] < B A R AT A i e A% TR R il
X PR =l 52 T I - AR 5% ZR A T A A 2% % 1 A R
IO 73 - IO 78 5% AR AR Y LR R O A i 08 A 4 e R O A
PG AT R 7 PR v i A TR BB i T A 2 )
PERE - BT T4 R T S KR e B9 TR e R AR AR e A
FRIC 73 A7 B4 e i

S % Lk

References:

(1] REXR TR FET. milEASR R EE+ )%
PRI AT ]. &4 53524, 2005,6(5) : 1-6.
YU Zhi-wu, DING Fa-xing, LUO Jian-ping. Experi-
mental Research on Mechanical Properties of Different
Type of Concrete After High Temperature[ J]. Journal
of Safety and Environment,2005,6(5) ;1-6.

(2] SBER., EHWH.H B SRS AE S AR M %

FRAE IR B IE (V). SR 2 5 TR 4R, 2005, 22(4)
45-49.
GUO Jun-qing, WANG Xue-yun, LEI Zi-xue, et al. Ex-
perimental Research on Limit Value of Axial Compres-
sion Ratio for Concrete Frame Columns with Central
Reinforcement [ ] ]. Journal of Architecture and Civil
Engineering,2005,22(4) :45-49.

[3] YU Z W,DING F X, WEN H L. Experimental Re-
search on the Mechanical Properties of Steel After
High Temperature[C]//SHEN Z Y,LI G Q,CHAN S
L. Advances in Steel Structures. Shanghai: Shanghai
Science and Technology Press,2005:1 071-1 076.

(4] ARER. TR M R, ik S 808 & 2 BE 1R 5 1%
ARy e ae W9 [T, kI8 4% 4], 2003,25(4) . 71-
79.

i it et et et i it it ittt bt ittt bt b

(R EABEFIEN2006 F£4E1TIH 0

€ 28 B 24 ) COUA D 2 v [ 4 B o 2 I 28 i
AR R LR Sl TR B ILAR DA R SR I LR A s A T S LA T Ll i ]
PR BRSSO IR IS Y 4RE A 2 AT A HTHOAR JEd e B T2 LA R P AhE R R 2l R A
BRSNS AR B A Cop [ 2 B 2400 0 48 R 1 2 o 9 S et 1 o 1 2 e 2 41 ) ) £ S A 4 T i
i PR TT LAY 8 A TEAR B S5 o R A B R R HE A - www. highway-china. com,

Crp E 2 B 40 COR 16 JTASD 328 X8 G2 00y« 2 6 3838 S A RHIE L B AR FOR A B 2 5 A BN 5% ]
RAEBERAINA . (2 24RO B8 e 15. 00 6 G HRArF %) . 2006 4F 6 H13E 90. 00 JT.
FITA.100. 00 T G HRAF 2%2) /. WKW IT 1 )

WK B ANL : K % K 4 &AL (B % ) =33 F B

T3 81 CHR 28 2 40 2 R AT i

TP AT b AT E R R AT
B R A:H

e it St e i

(5]

[6]

7]

[8]

YU Zhi-wu, DING Fa-xing, LIN Song. Researches on
Mechanical Behavior of High-Performance Concrete
Filled Tubular Steel Stub Columns After High Tem-
perature [ J ]. Journal of the China Railway Society,
2003,25(4) :71-79.

B A bR S IRVE TS (B IR B L R ) 2
BB L], Tl dE50,2001,31(11) :50-54.

YANG Hua, HAN Lin-hai. Mechanical Behavior of
Concrete Filled Circular Steel Tublar Stub Columns
After High Temperatures[ ] ]. Industrial Construction,
2001,31(11):50-54.

AR EE P TR 2. =T 32 KO IR B R
BARL AT L] EHR 5 LA M. 2005,22(4)
11-14.

YU Zhi-wu, TANG Guo-qing, DING Fa-xing. Nonlin-
ear Analysis of Temperature Field of Reinforced Con-
crete Beam with Three Surfaces Exposing to Fire[ J].
Journal of Architecture and Civil Engineering,2005,22
(4):11-14.

TR, RER. WE R L EEA T IR BB
SAHEL)]. TR J12,2005,22(1) :173-181.

DING Fa-xing, YU Zhi-wu. Theoretical Analysis of
Mechanical Properties of Concrete-Filled Tublar Steel
Stub Columns [ J]. Engineering Mechanics, 2005, 22
(1).:173-181.

RER TR RE -2 E R g — T8 r &
LI A5 K 244, 2003, 24(4) 1 41-46.

YU Zhi-wu, DING Fa-xing. Unified Calculation Meth-
od of Compressive Mechanical Properties of Concrete

[J]. Journal of Building Structures,2003,24(4) :41-46.

B ATl S B A AR E T 2 Gl

BB 4% : 710064
ME.0104134-34148598091001
1% :(029)82334387

Y
A
v
A
v
A
v
A
v
A
v
A
v
A
v
A
Y
A
v
A
v
A
v
A
v
A
Y
A
v
A
v
A
v
A
v
A
v
A
v
A
v

2 B BB BB B BB BB B BB B BB BT DA B BB B BB BB B BB B DA B DO DDA D D DO DE D DO DOE DO DO )



