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Abstract

This paper introduces a numerical analysis model capable of evaluating CFT (Concrete-Filled Tube) columns across all time stages,
incorporating creep behavior analysis and inelastic analysis to account for time-dependent behavior. The proposed model is compared with
experimental results, revealing that the numerical model presented in this paper demonstrates more accurate trends than existing design
criteria. Following verification, a numerical analysis is conducted for each slenderness ratio, determining the ultimate load capacity and
examining the short-term and long-term sustained load behavior of the overall CFT column members.
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Fig. 3 Stress-strain curve of steel

=
;

L geolch. ZP el AR T FE I ASALL 4)
(73 o] Lol A, o, (1) S5k Tels A4, v
o AR FAYEL 235 FE9| Fo TZ ASE 74X
gk, ofe] CFTo] 7] A% A o] w2 CFT] 25 50-60%
HEo] 29T ASE ATk SEonE, B RoAL

15 Jw o] g2 ALgaet.

1

ctt) = V500

1+ K f()g(t—t")] (6)

L
fn
5
g,
off
2
1o
o
Y
p
o b
ACh
iy
o)
il
5
o
b
B

[e)
=,
4,9} S RHBIEE o] g5te] A MY ES HLotE S 5o
] g9 714 A 7 TH Zienkiewicz et al., 1968).
7|14 ¢ = AE| L Qg ujehy MRS, () Ze] = 7

SeoldL & o (= AR HER|AA Al R]aL
A

e =2,C(t,.t,)* Aa, (8)

o) =Na(*(1—e 77 ©)
i=1

& =24, #(1—e ) (10)

A =4, e "+ Ag¥a(r) (11

StETMTEZEE =2 AM37E M15(2024.2) 27

it



o] oA B o) 2] X o] o] ALl A7
AR AT E TR R 2] 649 29 Aot

3.1 8eA A

2 =gollMe AR EH s aLsh]
sl A EL LT HYES 3
o} o] & 98l 2.3914 ATk 22| = AN
2p =22 WA daR|SE ARSS] AP HEYES
O uHEtES SHF A o] FA B
7Y A 2B E SO R AR A w4
Aol 2H-g-5h= 2l Hofl o WAYst= FREL ME S
3% 270 Stoll 2 wwle] JFo| FH o] etz S ol
oq:rL 2 oﬂo]—oﬂ]:]-

(o]

el

)

2

=

)

=

¢
o
:(IDL
>
é
P
rE
2‘;
l'ﬂl
i

| \l
[N
:"‘é
=
FE
oy
oX

L o of

o} 6}7417% e 48 A SEHT e A (122 47
sfo] Abgahct. ol i3t A WAL 2AE F

49} 2o Lrehfjo] it

oL (12)
@

‘ Read Input Data ‘

—>‘ Calculate Nodal Displacement ‘

Determine the Neutral Axis

1.7

‘ Increase Time Step ‘

Calculate Equivalent Loads due to
MNon-mechanical Strains

Calculate Inte!nal Forces and
Unbalanced Forces

| Calculate External Load |

| Increase the iteration number |

l
E—

| Calculate Stiffness matrix

28 e=ETMTERZEE =& HMI7H XM15(2024.2)

] 84 Bl A9

328N HF

Mastui®] CFTel| tjet %27} 2o #gh et 2= A
(Matsui ef al., 1995)2} 7] 2] CFTo]| o §t Eurocode 4, 18] 1L
2 =wollA ol =] s A el ghS wlaeko 2 2] s A
welo] A12)4-S Aok sig AR o)A AH-EHCFT 324
2| D/to] gh240.50]H, Aol AR FA o] =20 Z4 A=
[,y =34.2MPu, E,=33.0Gpa, f,=353.0M 12|31l E, =200.0Gpa
o] & 7HAAL ek Algelof] mE G LSk sl Al
81 7116,48,72,969) -] thsto] 217} e 4& K aystol A
A= v wskglet. 1 A3k= Fig. 5(a)~(d)2F 23l Matsui o] A

This study

56 &
i
’
’
’
’
’

4
b Matsui et al
S ®  Matsuieta
2 12 \\\.
=10 S
5 N - - -EC4
T 8 N\
-]
2 4 \
= \ | |
3 \
3 ’
2 '
’
0
0 20 40 60 80

Moment,M(kNem)
(a) Slenderness ratio=16

e This study

H
g 12 RS - ®  Matsuietal
10 s
z >~
= 8 S~ oo -ECa
o s .
S 4
3 A
2 /
!
0
o 10 20 30 40 50 60
Moment,M(kNem)
(b) Slenderness ratio = 48
e Thiis study
Zz
= "
S W Matsuietal
-
= S
2 | RN -
z \ . Eca
© ~
2 .
© \ N
£ [ N
< \'\
1
20 30 40 50 60

Moment,M(kNem)
(c) Slenderness ratio = 72

-
N

e Thiis study

M Matsuietal

N - - -EC4

I

Axial load,N(x10%kN)
® o ©
——————————
1
/
1
1
l
/
’

~

o

o
=
15
N
5
w
o
B
S
@
o

60
Moment,M(kNem)

(d) Slenderness ratio = 96

Fig.5 Comparison of Analytical Model with Test results and Eurocode 4



71 A

¥R o oo

=

Fig. 50141 4=7] 34

bl =2
2] S A A AL gl Slo] B

o o
(o

o

3

H 0
N/
us!
5
o
o
=]
o
[¢]
SN

oge £ 30
oX
_?L
N
i
ot

fu

2L bl
odt
oo

Ir o fo
1o
N
B3

R
Wl
N
N

rlu
ol

e e ARG £ET 4 Ak () A

oot i
=
fllj
<
2
£,
lo
>
{0
__\‘,_L(
o,
)
S

D A=
rlo
e
=S|
;%
N
olfl
lo
A4
)
X
ot
op
ol
fllo
o
Lot
ol
i)
R
2

o
=)
B>
o,
N
o Mt
4 1r
30
lo
=
o
=
N
o\
N
ot
2,
B=)
o
=
i)

[
)
ol
N
~
et
o 4
30
rlr
o)
o
rlr
esl
g
o
(<}
o
[N
[}
SN
N
Y
2
e
<
2
2

o >
d
-
= b
ol
=
e
o
1o
ol
e
X
=
)
ol
ok
)
&2
flo
n}
o)
i
ox
ol
ol
fr

frago] 7k Eeh (4) A o2 2 A
CFT 7] 5ollA &2 Q] Ae|Z HP o &2 Q17T
g7t ARtk (5) 22 E 9] AL o uhE
T = A ET Z3 ] ERC) 715l v]sl] A
212 70 2 ey} 2314 02 MatsuiQ] A3
}o} H) WS 7]=2] Eurocode 42] ZT}p4 T} 2 1= Flof| 4]

o] 53] S|4 melo] A Alku] Frbol A 2 A|ghe}

0.6

o

g

‘s 04

&

[

0

O

o 02

§ —=—Chen et al.
v —e—This study

o - 1 1 1 1 1 ]
0 40 80 120 160
Time(Day)
(a) Chen case and this study
04 r

£ 03 |
2
2
£ 02 |

o

)

o

g 0.1 —a—Wang et al.
] —e—This study

0 b4 . L .
0 50 100 150 200
Time(Day)

(b) Wang case and this study

Fig. 6 Comparison of creep coefficient

a7

ot
Hid!

= o

Wang 5(2011)©] A Aute} & 5% 5|4 m o A o] Atol
2|32 9] ghZ Fig. 6(a), (b)l A W] L3I

Chen 5(2017)2] Aglo] AL&E FA A=z EHA= /,
=62.3MPu, D/t="70, f,=350.0MF 18|11 E, =198.0Gpa2] GH-&
ZFA| AL 9131, Wang 5(2011)8] AH-2 7, = 41.2MP, D/t = 53.85,
f, =299.3MPx T1] 31 E, =189.0Gpa 2] F-& 71X AL itk Ato]|
A 2 S glo] 7 ApatEe] gl Avke} & A s
oA e] S| o] ghe HNhA 0 2wl AE 7hA 1 9l

2& sk} & 4 glek,
4. SXI3HA

719] /A 71521 Eurocode 4 o] A<= B] 1% 7Hetgl v
O & CFT 7159 33t at541& Altsholar, 1o whet A
O] CFT 7]5-9] 53t ot M| = g 7lehs 43
Atk L3t 12 Hekslr] flal AP i =wol Al S22 8
e AAEFAAL, o] AS v O 2 CFT 7] 5o 4] ©7]
7] sl oJsll 3t shsoll EEdhe 2ol thgth a4
S35t 7] 52 =9 242 Table 13} o] AA =] 9]rt.

CFT9] & 25742 7 u]&0] 7031 7-9-ofl Al7gu]7t
10, 40, 70, 1001 Z-ofl 8l &7] shzat A7 ok5 22k 4=
2 A mdL F3) AL Fig. 7(a)~(d)2} 22 AnE 1

5 X

X

1

d il

o

R
& o A7)= RS ANAdsh] sl uiE s T
& Alrstglet. TLoh vl 7)o A
A7) Aol A Al 2 S1e{shA] Sshe e Zof et 7] A
& ohgofl tieh F2 5 arefate] M AE 2] CFT 71

Table 1 Material properties of column

Concrete compressive strength (kgf/cm?) 329
Steel tensile strength (kgf/cm?) 3600
Modulus of Elasticity (Concrete)(kgf/cm?) 270000
Modulus of Elasticity (Steel)(kg,f/cm*) 2100000
Creep coefficient 1.5

StETMTEZEE =2 HM37E HM15(2024.2) 29



= = =Long-term loading

Short-term loading

o

Axial load,N (x102kN)

0 5 10 15 20 25 30
Moment,M (kNem)
(a) Slenderness ratio = 10

=
=)

= = =Long-term loading

Short-term loading

Axial load,N (x102kN)

0 5 10 15 20 25
Moment,M (kNem)
(b) Slenderness ratio = 40

= = —Long-term loading

Short-term loading

Axial load,N (x10%kN)
o - N W H w ()] ~N (-] (-}

o
w

10 15 20 25
Moment,M (kNem)
(c) Slenderness ratio = 70

L)

= = —Long-term loading

]

9 Short-term loading

&

~N

Axial load,N (x102kN)

o

o
)
=
=)

15 20 25
Moment,M (kNem)
(d) Slenderness ratio = 100

Fig. 7 D/t=70 Column Ultimate Load Capacity

of thstel AT 5 Gl 4 A4 meS ARSIk Aok
) 34 Be 7|Ee) 4% Avtel vl £ 2ut A%
4oz AF Aot AXH 2L vekd 4 glole wak,

2
H| 2} D/to] Hsto] whe} 3~9% A = 2|20 IS JJr"JW}

S131 9122 BRIB 4 Glgle. B =Rl Al g 7hA) e

o] A= 20231 A% (25}
2 FFRATAIT] 2§ ol 7y
C2005101).

N

EHRFARDY A
=

A5 (No. 2023R1A2

References

Bazant, Z.P., Oh, B.H. (1984) Deformation of Progressively
Cracking Reinforced Concrete Beams, J. Am. Concr. Inst.,
81(3), pp.268~278.

Chen, B., Lai, Z., Lai, X., Varma, A.H., Yu, X. (2017) Creep-
Prediction Models for Concrete-Filled Steel Tube Arch Bridges,
J. Bridge Eng., 22(7), p.04017027.

Chen, Z., Gao, F., Hu, J., Liang, H., Huang, S. (2023) Creep and
Shrinkage Monitoring and Modelling of CFST Columns in a
Super High-Rise Under-Construction Building, J. Build.
Eng., 76, p.107282.

Furlong, R.W. (1967) Strength of Steel-Encased Concrete Beam
Columns, J. Struct. Div., 93(5), pp.113~124.

Hu, H.-T., Huang, C.-S., Wu, M.-H., Wu, Y.-M. (2003) Nonlinear
Analysis of Axially Loaded Concrete-Filled Tube Columns
with Confinement Effect, J. Struct. Eng., 129(10), pp.1322~
1329.

Hwang, J.Y., Kwak, H.G. (2015) A Numerical Model of Reinforced
Concrete Members Exposed to Fire and After-Cooling Analysis,
J. Comput. Struct. Eng. Inst. Korea, 28(1), pp.101~113.

Mander, J.B., Priestley, M.J., Park, R. (1988) Theoretical Stress-
Strain Model for Confined Concrete, J. Struct. Eng. (United
States), 114(8), pp.1804~1826.

Matsui, C., Tsuda, K., Ishibashi, Y. (1995) Slender Concrete
Filled Steel Tubular Columns under Combined Compression
and Bending, Structural Steel, PSSC935, 4th Pacific Structural
Steel Conference, 3, Steel-Concrete Composite Structures,
Singapore, pp.29~36.

Neville, A.M., Dilger, W.H., Brooks, J.J. (1983) Creep of Plain
and Structural Concrete, London and New York, Construction
Press.

Vebo, A., Ghali, A. (1977) Moment-Curvature Relation of Reinforced
Concrete Slabs, J. Struct. Div., 103(3), pp.515~531.



714

Wang, Y., Geng, Y., Ranzi, G., Zhang, S. (2011) Time-Dependent
behaviour of Expansive Concrete-Filled Steel Tubular Columns,

J. Construct. Steel Res., 67(3), pp.471~483.

257

ror

= o

Zienkiewicz, O.C., Watson, M., King, LP. (1968) A Numerical
Method of Visco-Elastic Stress Analysis, Int. J. Mech. Sci.,
10(10), pp-807~827.

x|
B iRol A A7k o) 2A A5 S welshy] I Ae)m A5 |4k vk S-S Bl 7|20 A% Kt geeta A A
2 A AS| CFT 71591 814 8 715517 Bl 23] 814 8 A|4513, 7120 CFT /|50 -1 A8 2o} v|msisict, 1
A} 3 250 K A 54 )] mEle] A} 7| 20] AA 71%0] Aubi HEe 241S Gehichs 2L wot 3 4 glglt
2% ol AlH| o] w2 423 84S Sasto] MNHA] CFT 715 571e] 7] @ A7) A4 515 71 5ol gt 38 s150) As
o915}
0] : CFT, 4% thel, 2] g, A7k ol 7%, ulehs a4

StETMTEZE S =2 HM37E M15(2024.2) 31





