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Abstract

Concrete-filled steel tube (CFST) is a kind of composite structures which has excellent
mechanical properties and construction performance. Therefore, it have been widely used in
high-rise buildings, skyscraper and large span arch bridges. Consulting the research of some
literatures, the effective length factor of CFST frame columns can be calculated referring to
design specification for steel structure based on analytic method. So, it is demanded to give a
simple useful and reasonable approach to design the CFST structure.

For these reasons, the effective length of concrete-filled steel tubular columns was
analysised based on analytic method and the finite element method. Contents are shown as
follows:

(1) Through introducing the modified calculation formula of composite stiffness and the
assumptions, the equation for the effective length factors of CFST columns in non-sway and
sway frames can be derived using the three column assemblage model, according to the steel
structure design method.

(2) A simplified finite element analysis (FEA) model of composite frame with CFST
columns and I-steel beam, which has considered the geometrically nonlinearity, is developed
to study the effective length factor of CFST frame columns. Using ABAQUS software, the
bucking critical load of the structure was obtained, based on the liner buckling analysis and
the non-linear buckling analysis. The effective length factor of CFST frame columns is
obtained by making the bucking critical load into the Euler formula. The buckling analysis
was carried out by adjusting the section of beam and column, and established the different
modes of sway frame and non-sway frame with CFST columns. The table of the CFST
column effective length factor was also obtained. The effective length factor formulas of
CFST columns are derived by regression parameter using function of Matlab software. It can be
used as reference for the structural design.

(3) Based on the liner and no-liner buckling analysis in different stories and different
spans composite frame with CFST columns and I-steel beam, the effects of different stories
and spans to effective length of CFST columns are obtained. The influence of semi-rigid
connection between beam and column are discussed based on the buckling analysis of the

simplified FEA model.
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Key Words: Concrete filled steel tube (CFST); non-sway frame; sway frame; effective
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WK, MASHIFIERER, BFERENSRAETE, WHRRE SRR,

R M Ra e TE T DN 28 — 2R GRIE 22, 2010077, B SRl B A i n 1 2 1 ok
SRAHE LGSR TF IR RARROING AT EL, 7EIZD B A 3R aT, ARZeMsRER L, fHIRZRE

7

KA ABT i S ar BB AR 2 AR e A, RIARZAE I 24
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5 R BZ M i) A R AR L Ak IR R R, JF BN 1 SE A AR ) Je s A 1 Y i PR 4
HEEA, DLEEAARE 23 A bR BB B AR TR i) B AR RS VR iz i (0 e S, R
7 R BURF AL i ) — B AR, EE T ST A R Y AR L e i A

3.3 [ERAT

FA ABAQUS A BRyeH A X v SR A AT i i 0 A7 ] LAAS 2SR 16 Jt Wi 5
Bo i I B A — T TR S A T IR AR A9 AN AR E IS (4l A 2800 e T ASEZSTEIR (54
Az e e S AR TZAR) BT . ABAQUSS BRA i (A 3 Avfr 73 A 436 A i o p 80 e A
SRBOR: LRV o B AR A . ZE XA D SRk h oA T
— /N EAR SR S A B VR 9 (0 SR, HLERNE T b o Al i AR g AR 2tk Hh B Y
HERE AR, FIT- 00— AN BRAR R 25 g i B 0 S w0 s AR e v A bl 2 1k i i BE
KT, 1ZITVE R — R BT AT B AR LR Pk i 0 0 i BORRAS B S5 M T IR AAG AR E
Fll P 8o AR i R b R B AR RS . BEEAT O KA B S
fiE, B TR SRR,

FELME T M 3 Arrh s RS RE T B2 BRI 4, 0 BT A5 38 R B R e 12 i 7
B I ST 480 RPAE R B A T IR o R R R B e sl E2AR T AR D it in sk e Bt 2
BHRYE . S RE /08 DA ABAQUSH FRITHAHEE VAR R 2)3R152k
P JeE o 2 AT B W AT AR s 3) WL A BT AR R [ AR T AR O 1 s L A 0 e AR

FEARLNE i th oAb, DT 2R i sth 20 Ar o 45 20 0 J R 2SR DT g ) LART SR s K
5E SCIRIREE EP] ER 7SR o A AR A o bk o st s 57 Ay 28 A ) AR e e ot iy 801 L2 PR
AT PMEDS AR i 7> M i 28 e fir 2k, T TN aa SRiE , i LAAS BIAR 2R T i i 5 e
B ST i ph i S r B o ARZRIEJE AT B BB BRI R . DALY IRITEAL; 2)
Pt RN SR 3)REAT ARt i il 73 B 45 B AR 2 1k e s s 51 AR

3.4 BIRTERE

FIH ABAQUS #K At 78 37 AW TR B L AEZ2 A TR T IR, 75 A BRI H& BEAR T (44
BIAKYIE R . BT RAY Je AR TR o b 2 S ) A
3.4.1 #RHEEY

(1) BBF BN A7 - 07 AR 5 Z A A

X Q235-Q390 A4 1 A AR i F AR VN e & S a5 M AN, — IR FH IR BB
FRY (FE AR MRS, 2009, AT (R B 7- A8 ¢ 2 BH 4R — M m] 20 itk B (oa) . BRI B
(ab). ZAMEB(be). SRALB(cd)F VR MBT(de)EHAMEL, WE 31w, BF £ f
A fo 50 SR 0 LA PR o e AR R AR 47 s o R AR B

ST s AR, — R 3.1(0) s BT AR Y, 1AL ) 5 1 B (oa)
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Fsafk(ab). Es AR BB R, sRib BB S AT Y 0.01E;.

A, AR ABAQUS A 2 1 1) S5 [ LB PEARE A, i Von Mises i IRk
), IXFRARETY 2 F TG B R AR 1R . T — R A st 2 ks T 4 @ A
BLELSEN J-RAR R R, IR B IR AR L SAT . A 3 1 5 B L 206000M Pa,
JERAELHRO0.3.

fUu | N b
3 - a >, 5
Iy b
a
0 Ee el Ee2 Ee3 Vg 0 &y =8
(a) fRARAKEN (b) =R,

B 3.1 #IF I o6 2 R 2k
(2) VREE LB S)- ARG R A A
ENERE L, BT ZEMUNE LR, WEFRE LA BAEH, B4ARNE
SHRE B ZRER, A2 0RE LI T/EMRSE— b8 M. WA SOh iz iR g+
SR 3 PRI (2007 ) T2 H P 4 TR - O AZ o TR EE S B 17 L 3 (0)- B () 5% R AR S A
T

e (x<1) (3.3)
1 . 0.15_
, £ 2112 (x>1) G.4)
T (e <1.12)
A
_& o
X go ’ y—o_o

o, ={1+(-0.054~g2 +0.4g)-(;4J | ]f

C

_ . fc'_ L £02
&, —gcc+{1400+800 (24 1)} % (ue),

e, =1300+12.5- £.' (ue)
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50745
- 2+¢

q

B, = (236x10-5)0ze-057] 2.3 515107
A o o TR e B A O PR R, A7 N/mm?.
3.42 HERE

(1) H.JTikhL

BRI R A S0 23 AT B R HEZR )~ T O A, = B ekl ) O i) D BOAE R, ok
ABAQUS H-FHIZEH T B21 fE AR TG, WE RS 2 Al B “tie” &
X

(2) HITRIE Ry

BHATABRICHT, A BERIPIRS R 0 A BEB S BT (ARG B, 1 HLRE K Kb i+ T
Ve, PIRERI R, A, BORER; PIRRI AR, T4 Bk R 2.
VNS R e T n e )i A SR Py AL O 5 S A - T N Ay R e T B
30mmZEAE £,

343 FEMHTE

FRE DLt A i, ASCE R ABAQUS A R G H A F X AW T it 44
VR - 2 R AE SRR DL R AN TR A R AE SR TR AL R, o S AT 2R i i 43
M AIEZR M it 2 AT

HARTHHP R

(1) #LHAHELLIRAL 45 44 A model-1, 43 #7257 %2 X BUCKLE iy 4 X% A R
JUAB R AT 2R A e 1 0 AT o 408 3 R AR TR A 114 T it e o BN A 2, i i RS OB L 1 INP
SCHE, %N “*NODE FILE, GLOBAL=YES, LAST MODE=n" iEf], A2kt E s
FJE RS R AT AR A 5N G gkt e it oM, BiRiER]H LAST MODE= »n
FONEMEE TR BN H 0 BY AR TR RS A2 1) J MRS, W AR I aa shia 51 N3RS
PR M A o SRR AE A S VR AT VAR, sk T DAAS BUABE 2 1R 2 12 ek v 407 i S 4y 28K o
B T2 50 A 45 RN ) 2 FRAL AT 8, A AR AR Ak A2 P SRS AR 2 S ot 2 A P9 s 71
HAH

(2) S BRI AR B AT AR Gt S A, i RS AR R A A
HIEINP SCAF, @I ERIRL ) INP U8 i “IMPERFECTION, FILE=job, STEP=1;
n, 1”7 BRI NV G . 155 K *IMPERFECTION 5| A #J4G 8, Hd FILE=job,
o N £ i 2 AT ) INP SO 44, STEP=1 267 & 5 AL b S 9K ik 047 AR 4R 1 i
i 3 BT B XS B AT 25 n Rom 5N JE i 20 BT R 1K n YRS, 1 SRR 5N
RS (BB B IR 1K/, AR Serbsg X 1=H/1000, H ONHEZERK R . 2383 Hs s
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fR) INP SCAFREAT ARZRNE i it 04, A 20 0 AL i AR 2 0k e ot PO 5 2, 7 A BREL 22
] DU RS TR B R B

3.5 HE{55GiE

AT ISR A SCHT IR H A AR | ST A AR TR R B o SR AR N VR ek A B A
LR R R AT E Y, ASCRIF ABAQUS % T SCIAZE(2005)10 e 51 85 i 4 2 Vi et 1
FE T LY B AT T 6 AIE

3.5.1 EfHSHE

B MR AR R AN TR e AN R A AE LY, HEARTE N Dx=200%6(mm), HH D F
AEAEEAS,  NE R, RO TN, Rt H HN=160x80x4x6(mm), HE
PERIEE Ay 0N, L=3m, H=1.5m, X% FIENZ AT ARFE R Q235, TRkt
P C40, f4=26.8N/mm®.

3.52 L4 fREHER

FEAETOAS SN F=-1 BB 2EAT e dh oA, 20 M 15 B A O A2 i 2R M I
FIFHAE N Po=5.20X 10'N, U AL ) = I 28 RS AE AR E VR e A A i B A 5
NAEZeMEE i oAb, BN = DU i AEES 1 3.2(b) % 3.2(c) BT

Y
Al e
e 3m 4 I
le v 4
1 71 §— X J
&) LA EAREAE (b) AR R
0.8
0.6 f
~0.4
0.2
0
0 3 6 9 12
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(©) LRHLE AT =TS (@ FFLPEM M7 LPF-A 12

B 3.2 P R Bk AL HE SRS AL it o M A 7
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3.5.3 EL MBI ES

K H Riks JRKIEHEAT VHECR, 002000 1 78 73 7 2 b B E 17 8 L A5 DR 1 (LPF) I e K
1B B R R B RS (RS N ) IR 1S & F e KB R 2% L+ 58, ZEASCHh# LPF
Wy KAEBEN 1.
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B E LN
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GIEZE
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WK ABAQUS FAISKH AR VR I5E - HE SR AR AU AT LR P i il 0 AT T AT 1
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ZSEA RS R SE AT I

(1) A ABAQUS 77 KR el SLANE Rt TAHESERR, GRS BRI AR AR 5%
R PIURB RTINS, 45 T AN TR A A A HE AR AT 2 2 BT AT R R 1
JoEt 73 B R T 5] N AT R e LA K e - B A e e s Sy 5 S HE 2D R
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EH TGO T AT DR B 77 N 2 75 B3 AT il A AR A W o, X SRR Y AT I B
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ST RAELA RN BR A 24 2 TS B EH A T S E AR A
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PEAE N ) R AR SS M AR N IR o A A, 3R AT Mg 7F Jeed 2 A AT 3 2 BN F PR B
o iz A PR TR AR AU GG ST A R A I R AR SR S5 4, KA 1 B B AR A
T AIAAE 30 A AR 0 S5 VR 3 S B 21 JRy AR 5 A A7 BR e A v, PR AT Jet 0 Ar e 2
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43 EXEBE

TRIE N IRFEAMLE, W45 MRS N TE M 4L A HEZEAR TR 1 A0 N S B A 7R 3k 47 2k 1k AN A
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4.4.1 Tz &L o iR BRI IE S M4 R Bl 3 4R
WP 4.3 Fros (1 JE MRS A0 TR e A SR R AR SR T o e TR A, AR R R o H=4
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TR AN E TR S L HESRBUE AR A o 3 MR v QR %, % 230 15 A U1 A UR3 J7[A]
FEIR U2 J7 1140 BB T 205, FEAETONT pit 0 F=-1 () SR Ay B3R AT 2 1 et il 2 A, 75 21
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Y
4.3 TMFEH S HELL AR A Y 1] 4.4 TSR TR B L HE SRR B E AR R
0.8
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0
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13 B A 2 E 5 R 7 (LPF) B KAB N 0.671,  FHER(3.5) 1 A3 2R RS (1) AR 26 T il fr 2R
Po'=6.04x10'N, AL AR Po=m’EIl/(ul)*, EASBNZAERL 40 VR ik T HE 201
THHRKERECN 1=0.867, IR TCMIALARE VRBE - AE 5 R b AR Y 22 JE 2R 1 I it 45 21 11
o 2 EU A8 BRL -4 1T 2R T ] 4.6 BT
442 EMBRERRIMHITEKERBEZRE AR

T R A AT NS T, A AN R A 2 NI L P T NS X R - A HE R
AR, FEXE A% FR kAT AR L S Hh o0 AT, 45 BIAE B B AN TR A SR A R 2R 1
JeE (I AT HR Pors W ANBRBL AT P EL/(ul)’ s SRAFAIFINIEE L AN[R] i E PR 4N TR
B AERE AT KT R 1, AETHHESE, LRGN E RS LT HKE R
Wk, Nk 4.1 iR,

T Ky Ko oy AN R oM RS AE L A RS T4 b AT v RO SR R 1
Z NG R BE Z FOH A

F 41 EMBNERRTEREHERERRER W

K
0.005 0.1 0.2 0.3 04 0.5 1.0 2.0 3.0 4.0 5.0 >10

0.005 [ 0.986 0.978 0.962 0.945 0.935 0.923 0.870 0.827 0.800 0.790 0.778 0.755
0.1 {0978 0.970 0.954 0937 0927 0916 0.863 0.820 0.794 0.783 0.712 0.749
020962 0954 0.939 0923 0913 0902 0.850 0.808 0.783 0.773 0.762 0.739
0310945 0.937 0923 0.907 0.897 0.886 0.836 0.797 0.773 0.762 0.752 0.730
0410935 0927 0913 0.897 0913 0.877 0.828 0.787 0.763 0.753 0.742 0.721
0.5]0923 0916 0902 0.886 0.877 0.867 0.819 0.780 0.756 0.746 0.736 0.715
1.0 0.870 0.863 0.850 0.836 0.828 0.819 0.774 0.742 0.719 0.710 0.700 0.680
2.0 0827 0.820 0.808 0.797 0.787 0.780 0.742 0.702 0.681 0.672 0.663 0.648
3.0] 0.800 0.794 0.783 0.773 0.763 0.756 0.719 0.681 0.660 0.652 0.643 0.624
4.010.790 0.783 0.773 0.762 0.753 0.746 0.710 0.672 0.652 0.643 0.634 0.616
5.010.778 0.772 0.762 0.752 0.742 0.736 0.700 0.663 0.643 0.634 0.633 0.607

2101 0.755 0.749 0.739 0.730 0.721 0.715 0.680 0.648 0.624 0.616 0.607 0.589
% 4.1 I ZHOH Matlab (15 T8 56 2 polyfit()ifh 7 I V4 45 47775t T
PR HAE S B K R B AR, A 4.7 Fir:
58 ] U143 45 T O S8 M2 B0 B R M A R

2
= 0.17(%J - 0.433[K‘+0K2] +0.9506 @.1)
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198 AN 24 T A HN360x180%8.5%12, 18 ] D> =400x9(mm), ZH &4 Y #E 1 5% B 4 C60,
PFER F A R B 4R Q345 07 T K1=0.5, Ko=0.5 HITCMIFSANE TR &+ HEZE %L
A, WK 4.9 Fix, TR R Eofl R BcEes, s R ERA T A Ul,
U2 AT, Xt R A, EE SRR s AR A U2 7 AT AR,
FERETRCT fbE N F=-1 [ERA A B AT R AR h 2347, 15 BUMESEAE: 22 1% 8 i1 574 21
N Pe=9.30x10'N, LA It =Hr A TS 4.10 FioR. KHAE N E B s 5] A dE gt
i

K IRATE R A A 20 & N 2R HEAT AR 2 e il o0 M, 20 B v s SCR IR 46 1r 2
1.9x10" N, 152 {77 Ll [ F(LPF) e KB A 0.696, HIZ((3.8)1H5H45 I (1 2k
JE TR 3N Po'=1.32x10'N, 5 NERIL AR Po=m®EL/(ul)?, [ FAS BZAF Y b 4R VR vt
TAEZEAE T K RECN 1=1.86, iR A MR AN Tk A SR AT R A A B 2 AR 26 1
i 73 280 ey 28k A R -0 Bt R an ] 411 B
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K 4.8 A UFSH & HES AR Al (AR 2 B 4.9 7 R 4R TR gk L AE A BB A Y

0.8
0.6
0.4
02
O : \ 4 /mm 9 12
4,10 FEEMELE  SYH7 — e A 411 ARLRAE I 5747 LPF-4 fi1 2%

452 AMBNERHELHEHERERBEREAK

A A R A AR T AP R, R TS [F) AT 2 NI E L PR T (A% A Vi e - 2 5 HE 2
WARERY, I3 Hd% EIR T VEREAT ARLR AL R il 734, 79 2UARH S I SR AE AR 2 12 e iy (4 1is 5
8 Pery WNBRIFLAR Porn®ELApl) s SRAFHIRIAE LA T HAE R B p M8, ETI
"%, LI REMRNE RE LT REKERYER, Wk 4.2 P,

R Ky K AR TR B A MR HE S AP S T4 i AT o RO 2 I
NG RELNIEE Z AN B

F42 ANBRERRDERETEKEREE W

0.05 0.1 0.2 0.3 0.4 0.5 1.0 20 30 4.0 50 =10
Kz’

0.05| 421 356 3.04 274 263 253 228 219 215 213 212 2.09
0.1 356 3.13 274 25 241 233 212 204 200 199 197 1.95
02] 3.04 274 245 226 219 212 194 186 1.8 182 181 1.79
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0.3
0.4
0.5
1.0
2.0
3.0
4.0

210

2.74
2.63
2.53
2.28
2.19
2.15
2.13
2.12
2.09

2.50
241
2.33
2.12
2.04
2.00
1.99
1.97
1.95

2.26
2.19
2.12
1.94
1.86
1.83
1.82
1.81
1.79

2.10
2.03
1.97
1.81
1.78
1.75
1.73
1.72
1.71

2.03
1.97
1.89
1.76

1.7
1.67
1.66
1.65
1.64

1.97
1.89
1.86
1.71
1.68
1.63
1.62
1.61
1.60

1.81
1.76
1.71
1.57
1.52
1.50
1.49
1.48
1.46

1.78
1.70
1.68
1.52
1.44
1.42
1.41
1.40
1.39

1.75
1.67
1.63
1.50
1.42
1.38
1.37
1.36
1.35

1.73
1.66
1.62
1.49
1.41
1.37
1.36
1.35
1.34

1.72
1.65
1.61
1.48
1.40
1.36
1.35
1.34
1.32

1.71
1.64

1.6
1.46
1.39
1.35
1.34
1.32
1.27

it 4.2 R R EUH Matlab 12 T AL polyfitO)EEAT 81 A 4 #7145 H TS ]
FE R ML BN TRt AR 2R AR TH K T R R A, BT 4.12 Fios.

4.6 HEHI5EIE

&1 4.12 A MRS A TR ok - A AT v SR B AR i sl A
(613737 45 21 A9 0 B4R 8 TR ok A SR A T S R A B e IS A 208 R 3K

2
K +K K +K
=081 21 22| g gael TR )45 438
10 10

(4.2)

NIGUEASCHTSRANE TR I AR SR TH IR B R BOR U &~ @& %, it 1 B

N EBIREAT IR IE
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