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Abstract

With the increasing use of concrete-filled steel tubular (CFST) structure in
engineering, especially fire disaster happens frequently in recent years, it is severely
significant to further the research on the mechanical behavior of CFST structure after
exposure to fire.

The paper describes the research studies on the mechanical behaviors of CFST
composite frame after exposure to fire. The main achievements can be summarized as
follows:

(1) Accurate thermal model was assumed, and CFST column to steel beam
composite temperature field FEM model was also developed. The results obtained
from the FEM model were verified against those experimental results. Meanwhile, the
temperature distribution was analysised with the CFST composite model under fire.

(2) Reasonable material model, element type and solution method were assumed.
The mechanical behavior model of CFST columns to steel beam composite frame was
developed considering the restrained effect and interface model of steel tube and
concrete. The results obtained from the FEM model were verified against
experimental results. And comparison of mechanical behavior between CFST frame at
ambient temperature and post fire was also analysised.

(3) Typical examples of CFST composite frame were modeled using the FEM
model. Parametric analysis was performed to investigate the mechanical behavior of
the composite frame after exposure to fire. The strength of steel tube, the concrete
strength of column, the steel ratio of column, slenderness ratio, the axial compression
ratio, the depth of fire protection, the beam to colums linear stiffess ratio and the
beam to column strength ratio were considered as parameters. The influence of
parameters to the load to displacement curve of CFST composite frame after exposure
to fire was received. A simplified P-4 curve model was also given.

Key words: post fire; concrete filled steel tube (CFST); composite frame; finite
element method (FEM); mechanical behavior; parameters analysis
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P.C. = 2.566x10° 445°C <T <500°C

p.C, = (0.01603T —5.44881) x10° 500°C <T <635C (2.13)
p.C, =(0.016635T —100.90225)x10°  635C <T < 715C

p.C, = (~0.22103T +176.07343)x10°  715C <T < 785C

P.C, = 2.566 x10° T >785C

A E AR (2007) Wb B IR (10 7K 75 SRR R L BB S, B VR Rk

S KA R R R 5%, AR JE R B R TR B 0 B A S R B e
G {0.95,0CCC +0.05p,C, T <100°C
° 7| p.C. T >100°C

(3) BB MR EHIHAEHEE, BN p=2400kg/m®,

R, T OB, Cs o/ F COA T IR K ZE RS N TR & T I A AL
B po M Co A % 8K R I A% O TR Bt L I R AL 44 pw A Cy 23 51 K
KT . pwCw=4.2X10%/(m* « C).

WP R ST RA ERF xR, HBLIEEAK, mWHILTES
FLRTZ N D) K /ANTE R o T Ve e L (W A K R AR /N . BRIk, AR SCRE R rh 2206
B A 0 R 1 PR K

A SCHE I KR BRI g B B R T E AR HI R, BRI, PR B 40 T
RE A B ARHE ST

238 5 th

H A0 97 14 B = 40 8 VR Bt LA - AR ZRIR B R 5 R . O T AR A S
TR T AR K b, e R B AR B g5 AT T IS M, AL RR AN A TR
O AR SO = . B /. 7 O VI W = 8+ O = [y R 8 B e A 1]
HEZR S5, fEIXULB ] i, kIR R T i B
2.3.1 PNER LT

Kl 2.3 Al 2.4 2R 3k 5 v B e iR B 3 LR UT 85 45 IR SR 5 45 R x L A
Mo RIS R I A Lie (1994) B3R Lie M1 Chabot (1992) SV 3t 47 1) 0 45 V8 sk
IR . b d R AT B AN I TE ELEE . AR T R = K R
CAN4-S101 # € i Hh Z& b AT o 156 I 451 FH % 46 K 7x , ABAQUS A B Jo B AF B
TWHRHEHELERR. BRI, THESRBEEAYA R .

(2.14)
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(c) Dxt=355.6mmx6.35mm ( Lie f Chabot,1992!"%1)
(d) Dxt=323.9mmx6.35mm ( Lie F! Chabot,1992["%1)
Kl 2.4 [5 4N B VR wE R R AR T-t 58 R4 R 5560 45 B b

D/6

'B/4,B/4’

&) IEhi (b) 77 A T
] 2.5 R S 2R {0 9 T 5 DA S A 5oL
B 2.5 Jglibki (2007) UV 37 B0 B 5 b AR A T I - A 1 1 s R 4 TR B
SRR A 5L B R T B . BRI 4 1S0-834 B SE AR AE THE M 28 TR, B vk
NIRRT KRR B 2.6 A 2.7 2R A SCBE AL v 5 5 5 (5 O 6 B S
Blo BAEYIA RAT.
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232 NERSEIH-INAERTIRED S

B 2.8 From ki Hkws (2007) PeTeh gy T 40 45 T8 Uk A - A E 8 2 AR
SRR JS2 R~ . MK h 3800mm, #%1f Bxt=300mmx5.83mm, F:f k2
JEEE 14mm; Z2K A 3900mm, # A 300mmx200mm; 2R TN, sk
200mmx140mmx9.3mm ; V& &k + B B o i S R Bl £G 0 BRSO 1100mm, 9
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B 2.10 5 A IS2 I AR B ABAQUS 5 45 L 5 R 5 45 B i

Kl 2.9 s 71 RO I O R 3 o ] 2,10 2% RURBITRRAE S T-t 261
R HIHRE SRR, BEhlmai R, LLh ABAQUS HEITH LK. i+
SGRERE R DMBHAERY)E . A X EERE AR A XL, 2 B
EE R A
2.3.3 tE IRk T AE - A R R £ R EAESE

2.11 Jy £ T4 (2009) Bl — i 51 40 7 8 ot - o -4 A5 T Tt - 2 A 48R 56 3K
ff CFRC-1. [&JE4N & i %t 4K % 1930mm, #1f k) 140mmx3.85mm, B kK JZ
JERE R Tmm; AN EE S 2800mm, A4 180mmx100mm; A=A TF4N, 4
[ 40mmx30mmx4mm; 4 55 78 4t b A AR o 3 S A Bl 2 () R 25 0 200mm, g
4 600mm.

2.12 JEIRN T IR VR et A - A Y Tt R ATE SRR AR P A R o0 R T R 4
o B 2.13 2 ZAE B E R AE AL T-t th & ilie 5t &4 R, kg R H
REZ 3 7~, ABAQUS U E AL v 5 45 R L2 R 7n o 1H A 45 A k50 45 R Bk
LAWY G o A DR B LG AR DA, B2 b B R AR .
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(@) FE1T 5D TR B AT (b) 15 A5 DX A TR B T AT
300
T==4
[ ——
200 F |23
O
|_
100
0 1 1 1 1 L
0 10 20 30 40 50 0 10 20 30 40 50
t (min) t (min)
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800 2 4

|

1S0-834
2V N -2y
0 " 1 1 1 1
50 0 10 20 30 40 50
t (min) t (min)
(e) 5 b A A% i (F) o i - 35 o il i 2

Kl 2.13 X1k CFRC-1 v 55 5 Sz I3l 52 - ) 1) il 2% %) Ll
2ANE RS TH-NPRIEREEFZ»H

Wi Bl BB T DUE ., ABAQUS AR 45 R 5k 56 45 B AW & K I .
U T IRAE 38 5 2> I BN A VR T A - R HE A L R 3 B O A T RE B L
TR A A VR T b - R R R Il R R R, RS ST T 7 [ R gt
TR0 GEAE R A, 4 R 1SO-834 A Al TR it g Tl BEAT R E I

S5 42 B S0 ak (2006) DV A TR b AR AR R HE 2R G, LIk O RSP SR
8 B bR fE S0 10 v 4 o B D AW TR EE A AR T B X t=120mm X 3.46mm, C60
TR E 1, Q345 N AL, 5 BN % 0=0.126, %2 R~} B 160mm X 80mm X 3.44mm X 3.44mm,
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PR 200mm X 40mm; [5 4M 5 VR &k - AE A D X t=140mm X 2.00mm, C60 & #&t 1,
Q345 W, S F «=0.06, ) FHL 150mm X 70mm X 3.44mm X 3.44mm, FFHR
BERE Sk 40mm; VR T BRI R B 180mm. % 1S0-834 ki K K FFIE 90 4

NT-
+ LIk 5e+1)
ATt
241 0a+T2
]
HhariderT2
+594 TadT2
+% L ThasT2

TZ0ler)lL

(a) 15min. (c) 45min.

(d) 60min. (e) 75min. (f) 90min.
Bl 2.14  [5 48 1AM A5 VE ek A R AN [R) I 220 U

(a) 15min. (b) 30min. (c) 45min.

(d) 60min. (e) 75min. (f) 90min.
P 2.15 [ 8k T 40 5 TR Mt b A AN ) I ) 3L R

(a) 15min. (b) 30min. (c) 45min.
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A

(d) 60min. (e) 75min. (f) 90min.
2.16 75 48k 10 VR T HE 2R R

(a) 15min. (b) 30min. (c) 45min.
r
(d) 60min. (e) 75min. (f) 90min.

2.17 5 AT G5 TR A AR IR R

Bl 2.14 F1 2.16 430 4 B« J7 A 006N A VR A - AN R HE B AT T B 3 A K KR
AN TR I 20 I PRI B S 1 . ] 2,15 R0 2,17 4 Rl . 4 A TR U AR AE K
KB AR EFZI I 0 B2 S 0L . AR v m] DU, HE 485 i X 8l T il o B2 LG R
R DKl Tl R R, X DT Ay Y DX 3 p T R R R R R O — Ak
PR, R AR B AR . T AR R YR R T P TR B A M AN R
e R, TR R LA SR . DA AR R A 3 B T UR 52 KT L
BAL, HEIHRRHR, WEGH BRI ABOEZLKR, ZXEHRECER S, T
ARG, P4

25K E NG

XA T BEAT AR ) RS

(1) AFEFH ABAQUS 17 KRICH A, #iE & B IR AL 45 . HouR Y
%, WESEMMEHA T ZH, 5 REKZR MW, HAL T A0 R kAT -0 B HE
IR B

(2) Ji o B A B 78 B A 6w i A0 8 TR e 2 S AR R A L A TR R
A - B A0 T T YT B TR T - VR R e Y TR SRR S By, I
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B2 i 3
TS AU 5 R BOE X L, S IR A ) Rt .
(3D 7EFy I B2 3 A3 BT B (R BE il b, 57 1 B VR B AT AN A 2 B
5, #E4T 1S0-834 by KK THR AU, 13 2L LI IF e b W F—25 kK
Ja 735 1 e 3 A £ Ak it 1 B
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FEIE ARBFRERFLTERB D FESTEE

3.14t &

KICRYH, AeHO e L 10 ) b AU AT L I A, T LK
TR 10 20 PR 26 BT IR, TGk A7 M KRS 0 90 TR L 4, B
AT 0 S W 5 2 MR R AR B, DR, 0 T AT B A
1047 BTG e 43 47«

IR, 4 R M 20 24 K R ) 3R RE OB U8 HL B Z . b T i
SWNNUKRIFAER I S R, A WIET ABAQUS # HUIGHIF, fEHIsE T
IR BPR AR R TG TR £ 6 R4 A BT BB U 5 9 B
3 T I A TR R L A S B TE ) 4 BT L Sk T B0 M
P, ASCHEAT THAR T KT o B R R K R 090 T AT, )
BRI ISR 0 4B

D, TR0 %2 954 W U 0 TR A S B, A SO T
KIS SRR IR AR, il K R A M 030 474
B, 7800 U A0 T - R 1) ) 2

328 MRITIRB Ry E L

321 AR AR K RIER

B A R e T R BN A RN YR B L A R IL [E A . FER T RE R, PR A R A
HAER, —#8ab T 52244 JRA . A Hb 0k B4R A4 0 VR B 1 [ A # O6 R B 0 &
B VR B b ) SE I BE BUE 4 BT I b B A A

3.2.1.1 W%t
1. A R R g - AR S R

fU“ (¢ “ b
] e d a
fyliz = c fo """
b Y| [
fo 2 ¢
Oge. EelEe2 €e3 6> 0 :f:y ?
(@) MG Bk BN (b) 726 S0 4

3.1 il AR AN e AN B A R AR S8 AR il £k
X+ Q235. Q345. Q390 <5 i L AL+ & A AUMRB B, — BRI Bt

38



DB RS A7S'S

B o ANAE R 8 ) - AR G 2R — AT 20 oA B PE B (o) 9B PR B (ab) . 1 B (be)
S AY, BE (cd) M — YR PR BE (de) Chdkig, 20070, W&l 3.1(a) o, IRl R 2k il 4
NN SEBR I - AR O R ik, SEZRO RGN Sy - AR i 2k, Hop o fyl fy
3590 A BN A T L A8 B B e R AR PR R B o 5 5 B B o HL N g - N AR O R R AR ) B 2
LKk F

E.&, & S e
2
-Ag; +Bg, +C E RE S8y
f, Eq <& <&,
O-g: & & (31)
~ e
f,[1+0.6—=—-=] Ep < E S &y
€3 €a
1.6f, & > g

X, &=0.8fy/Es, &i1=1.5&, &2=10&1, &3=100&:;
A=0.2f,/(ge1-86)?) B=2Asge1, C=0.8f,+Ag’-Bese.
X T m A A, — MR A B 3.1(b) B s W 2 M A, R g B (oa) FH 53 £ B
(ab). BEAL BB R AT HL 0.01Es, Es b 4N AT ) B 485 5
7 ABAQUS 1, A K &5 1) 3L 33 PR B A, 335 2 Von Mises Ji Il #E DU o A5 74
KAWL o 7 A7 BRCAE AL N, A0 AL P B BT 2.06 X 10°MPa,  SYEEY
By A LEEL 0.3,
2. /=i A N - AR O R
ST IR R AR N - AR 5 R B AL A 2 B, R R A E N IR A
77 %V RE & B 90 AN TR U L b M B R E T SR R I SRR . AR SCIE R Lie AN
Chabot (1990) P4 Lie (1994) DM (AL, FI N 7 5 B (o) A1 A 95 % (&)
Mo R T mi TR IR - AR O R B, LRk =0 T
o),
o5 = .
f(;,gbolol)gp + [T (s — 2, + 0001~ £(T,0000) &>, &2
R, g=4Xx10°%;

£(T,0.001) = (50 — 0.04T ) (1— ell-a0+00a7 )V°-°°1]j x6.9

fhig-fp+oomﬂ=60—oomjx@-eh”“m“)%*““mﬂjxag

Hp T 4R, C.

K 3.2 A _E IR B ST 5 ) Q345 AN M AE AN AR B 1 BB, 7 -8 AR 96 2R i 2%
K. M T, A B B R PR, IR LA N AR o T8 45 A4 A B
Ik (2584, 2006MD):
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g 1T, —4780 20°C <T, <600°C
6T, — 4760
1000-T (3.3)
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edue
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A ST B DA A HE B 28 b KK T 48 B AR VA HT IR 2203, DRI ) B okt
BMMATEIE . EEEARET, A N4 450 e A2 A8 4k, 5 B R0 58 4 A8
EEEREN TS SAWEK. £ mE A G, HmEERRKEERKE .

whAkHE (2007) YR HEAT kORGSR B R0 S M RERIE ST, X T AR
A HVP G5 A AN I N - AR R R R WA &Y, ISR RN R AH
ABAQUS HEAT K K #M 4 VR it - 7 2% 1 8 0 A i) A0 pF R A AT e i 1Y, L4
ZRIE AW

o= Es (Tmax)é Esey (Trmax) (3.4)
fy (M) + EL (T = 2y Tmaxd)] € > 2 (T '
b, mrlAE A JE 08 IR AR PR fy(Tmax) 7% BT U8 2
f, Toax < 400°C

fy (T =
M {fyh+ 2.23 ><10_4(Tmax _20)_5-88X10_7(Tmax _20)2] Trax >400°C :

Sy (Thax) = fy (Tmax) ' Es (Tmax) )

Tmax 0 7 5218 52 1A B =i, Co

51 ¢ B Eo(Tmax)=Es=2.06 X 10°MPa, 384k BHL Eq' (Tmax)=Es(Tmax)» Bl 3.3 K4
Q345 N KK G o-ek R M2k . fERNRA G, ARAF g P AR B R VA 2 B 5 8 VR A L
FEARAAG, AR HUH IR A
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