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Abstract: Due to their excellent mechanical performance, such as seismic performance and fire re-
sistance performance, concrete-filled steel tube structures have been widely used in high and su-
per-high building structures. In order to investigate the seismic performance of concrete-filled
steel tube structures under the effect of earthquake, this paper developed a finite element model
of composite frames with concrete-filled steel tubular columns and steel beams with RC slabs by
the separate modulus approach and uniform modulus approach, respectively. By using the
ABAQUS software, the two validated calculation models of the separate modulus approach and
uniform modulus approach were used in order to perform finite element analysis and elastic dy-

namic time-history analysis of a 13-story composite frame structure with concrete-filled steel tu-
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bular columns and steel beams with RC slabs under three different frequent earthquake waves.

The top story displacement versus time curves, acceleration time-history responses, story lateral

displacement, and the dynamic magnification factors of the frame, were contrasted based on the

two models. The results show that the separate modulus approach and uniform modulus approach

did not vary much for the dynamic performance analysis of composite frame with concrete-filled

steel tubular columns and steel beams with RC slabs under frequent earthquake. However, the

separate modulus approach can be used in elastic-plastic analysis, while the uniform modulus ap-

proach needs the expression of the stress-strain curve in elastic-plastic analysis, which requires

further study.

Key words: concrete-filled steel tube (CFST); composite frame; nonlinear fiber beam-column

element; dynamic performance; numerical simulation
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Fig.1 The fiber beam element model
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Fig.2 Comparison between P-A hysteretic curves of FE calculation and tests
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Fig.3 Frame stucture and finite element model
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Table 1 Component size of the composite frame model

JZH ) A 1 R SF /mm FE
1~3 A [1—500x16 0.141
F OB 500X 200X 11X 17
43 H O—450Xx14 0.137
FEWOR 450X 200X 9X 14
9~13 i [1—400X12 0.132
F@OR 400X 200X 9X 14

3 MERHEE

LEA G IR b A M RR RS R L b AR
{14 s R R 2 DA R b 7 OB 5 B A TR 2R L R PR3 R
H R AR A i A= 3, 43 502 Taft % (W-E) (El-
Centro J (N-S) Fl R 111 (W-E) (& 4) . i A HL
WL T ) 5 A5 AR R Ty ) AT (EE A 85 5 1)), B Ak
WA FFLE I ] R 15 s, HIRCEF IR Z I L)
(GB50011-2010)" R 7 - “ VI BE (0.15¢) B 47 £
I8 1 R R S BT AR S BT T R 4 5 R DR A o e
h 55 gal”, X SEBR MR i AT R R AL R . AT B Y
e R[] 348 5 A5 4 A 4% o bt 5 J0 o 8 i R i £
B B 8] [8] B : El-Centro J (N-S) fil Taft I (W-E)
9 0.02 s, I (W-E) 2 0.01 s,

4 HWER

4.1 BRI

SEH TR WG AL I R i a0 181 5 fr s . /] —
SRR R 8 SR — AU A 7 25 Y
T2 9 A B I i il R TR B AR b 22 50K

K6 N RJZ AR a4 I BT LA IR 45
oy de KR LR R A AR5 10 J= B 007 1) R 48
— i G T B RJR E AR 5.96 mm, JZ (6]
(6 B F1 91/ 554 5 3R o B A B T E S 3% 0 Bl ok

A

>



1108

HoE T OB % i 2017 4¢
2 4 1.0
RNt %ot % 05}
& £ £
3 0 - 30 3 0
i b -8
-1t -2t 0.5}
= 2 . . = 4 . L = -1.0 . :
0 5 10 15 0 5 10 15 0 5 10 15
i ]/ it /s A 15 /s
(a) Taftd(W-E) (b) El-Centroi}(N-S) (©) BB (W-E)
B4 oM PNy E mik T A2 &
Fig.4 The input seismic acceleration time history curves
40 — 50 — 40
Zj\%ft B
20 gk 25 gk 20
g g g
£ £ £
@0 @ o0 @ 0
20 25 20 .
R
— 45—
-40 s - -50 - - -40 - -
0 5 10 15 0 5 10 15 5 10 15
tls t/s t/s
(a) Taft#i(W-E, PGA=55 gal) (b) El-Centroi(N-S, PGA=55 gal) (c) JE LI (W-E, PGA=55 gal)
BS5 =ZMMERSMTEMRELANREEL

Fig.5

4.31 mm M 1/766, El-Centro 3 (N-S) 4 F F 4544 1)
HKZ B KA TESS 9 J2 BN IE Ty [ R 40— #
HTTRAET, e K2 WA 5.63 mm, JZ2 BIALFE A
1/586; K JH Ay B i st — 0 W4 4.52 mm
1/730, Taft P (N-SFEFH N 454 1 5 K2 R &

Displacement time history curves of top floor under the excitation of three seismic waves
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Fig.7 Relative acceleration time history curves of top floor
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Fig.8 Envelope diagram of the dynamic magnification factor

CH,6 =L LB S B, Bl J7 il K & BB 235 1 Bk
JZ i BE 1 AR AR AR S48 L 3 W] 45 44 5T 000 R 58 i %% 1)
or A LRI ) . 5 REJR IR 1] B8 R B B R A
AL =l 2 AR R L 7 A e R T B A B
JZ B R B R F B LR RO R . RE SR Y
R R Bl TR F B BUAE S5 F B TR L Tale B30
TS Bl T3 OR R B R IR Z L El-Centro
PR SR /) 5 AR A A TR BE b A5 A B0 TR HIE A A% 0
iR AN

5 g

(1) RINGE— B T 5 1 B0 3% S0 R T 85
Bt B TS A5 AL, P A AT ST AR B A 45 4 5
P J2 T8 432 8% £ 240 AT i A AR OC R 1 B

(2) RAPIRNA W) i 807 AT S i, 254
i1 B AR o o £ R N G BV (S I Y P
R R B2 R AR ] AR RECE B CH-S B

(3) p B AS A 5 T LA R R) 5 98 P8 T 1oz T
S5 A SRIB A O3 BT T G — Ak A B B B Bl L
Fil 4 22 18 50, v 7 2EAT L BRI BT

£ % 3Lk (References)

(1]

2]

(3]

[4]

ARG AR IR B A5
22 W MUkt . 2007,

e 5 SB[ ML SE — R b B

HAN Linhai. Concrete Filled Steel Tubular Structures

Theory and Practicel M].2nd Ed.Beijing: China Science Press,
2007.

B T AE W3 S 28 3 Al B 0 P S BT — R
1€ ABAQUS, MSC. MARC FI SAP2000 |- iy 5 k[ M. dt
5 of RS Tl R L 2000,

LU Xinzheng, YE Lieping, MIAO Zhiwei.Elasto-plastic Analy-

sis of Building Against Earthquake Theory,Model and Im-
plementation on ABAQUS, MSC. MARC and SAP2000[ M ].
Beijing: China Architecture & Building Press,2009,262-271.
ol e ) A TR 2 R [ MU B8 = R L s 0 R K2 A
2003.

ZHONG Shantong. The Concrete-filled Steel Tubular Struc-
tures| M].3rd Ed.Beijing: Tsinghua University Press,2003.
TBH VR RURE L R G5 A R B A SR 5 A B R A e i AR
LA BT T [ ] A S5 . 2004, 34(1) < 7-10.

DING Yang, XU Chengxiang, DAI Xuexin, et al. Nonlinear
Finite Element Analysis on the Seismic Behavior of Concrete-
Filled Steel Tubular Frame[]]. Building Structure, 2004, 34
(1) :7-10.



1110

==
=

H

T #&

EE 2017 4

(5]

(6]

HWAR. IR, A EERE T BRI SRS K
TE Al 0o SCHE AW AE B2 1 e R Mk e i 7 () ). b 7R LR % 4K . 2016,
38(5) :678-684.

ZHENG Xiaowei, SU Mingzhou,SHI Lu,et al.Seismic Behavior of
High Strength Steel Composite K-type Eccentrically Braced Frames
with Direct Displacement-based Design Method[ ] ]. China Earth-
quake Engineering Journal,2016,38(5) :678-684.

i 957 057, 0 S R A e S A A Y SRR B AR R A Y
Je WALt AT s M A )] i 5% TR 2 42, 2016, 38(2) : 166-175.
LU Tingting, LIANG Xingwen. Yielding Mechanism and Seis-

mic Performance of Frame Structure with High-Strength Bars

(7]

(8]

quake Engineering Journal,2016,38(2):166-175.

LI W, HAN L H. Seismic Performance of CFST Column to
Steel Beam Joint with RC Slab: Joint Model [ ]J]. Journal of
Constructional Steel Research,2012,73:66-79.

HESUPL R M . GB50011-2010 [ ST. Ak 5T - v 6 # 58 Toll i)
Ji#t, 2010

Code for Seismic Design of Buildings: GB50011-2010[ S]. Bei-
jing:China Architecture & Building Press,2010.

G IR+ 45 B R BLER . DB62/ T25-3041-2009[S1.2009.
Technical Specification for Concrete-filled Steel Tubular Struc-

ture: DB62/T25-3041-2009[ S 1.2009.

and High-Ductile Fiber-Reinforced Concrete[ J ]. China Earth-

L] fg—jiﬂ L]

FePlgn 2 2 T AR RN 2 L 2B 5
b [ TR

2017 11 A 27 B, PE AR 2017 Fre L3t 8 L NH .67 L TRHAEXER IR AH KL, XA %
EL I HFERFERRAZREKERFRZHELEN A ERIXRFLERTHBZLRSR A PE LR
P

RAERK,1960 FA ML, A XFHBZ FLEFF EARAFRREK., LERBLEIRFELT
BELFLEPATILRFEMN IR L ZG, RERFEBKRINF LI N F 25 LRE TR AR A
I EELHDNFETFTAREZLARLENE LIKZRAO I A oM R E XK Fnl KB K7 @ BAF 3Rk,
A A SCI A= E1 BRI i L 220 & 5, A%t A7 A da vy 6 30, R EARATE R LW %4 25 3,2009 5
FEREHAFE®F _FL 013FFEBRRARLA—F %,

JLRT1952 FA WML KER I RFHZ HEAFIF, 1980 F 7 AR LT RELFRALKRERZL
XKFI)KAZ LB RME WHEFE, LERHBKBA AL SGAB Aoy TREREL GG BER
BN RBEER BTN EKELEER AN ERERERFE GLENE T MADBIAS S
RERFTEBRELFIN T EFFTERITT 2R KNG,

(M JE TAZ 5 3R) % 531



