%41 5% 18 + A5 x5 IEFHROP ZE D Vol. 41 No. 1
2019 %2 A Journal of Civil and Environmental Engineering Feb. 2019

doi:10. 11835/j. issn. 2096-6717. 2019. 009

% 18 05 8 S0 Ay B R e R 88 h T ST Ik

TR, EFT
(L.ERKRY LRITARPR. K 400045; 2. F 0 2HF F K BAAEIRER, B 571127

i E.SEREENKETRAAFEGAI TR SRR IITCEARERNTG KAL) (GB
51249—2017)F A H BT HMAEZ B ARG Y m., KF ANSYS Stk o4 % B TS MAEL
BB T A R, 5 ARAR A KGRI BEAT X I K L RS R a9 AN AR PR T AR 2E R 5 X 10 2
BN B4, ARNBENARABEREFTARON . EREAN . F BB TRA G MW 5B A
UES R I - N R R IR ISP R RO I N SR A R SR AR & )
@ KA B IRGR L6 W R, S T AR T AR B T AR & R ) AT ik
KB TR E T E R ARES

hE4SHESE.TU392. 1 XHE AR ARG A XEHS:2096-6717(2019)01-0070-10

Determination of load bearing capacity of steel columns at elevated
temperature considering creep effect
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(1. School of Civil Engineering. Chongging University, Chongqing 400045, P. R. China;
2. Yaha School of Built Environment, Haikou University of Economics, Haikou 571127, P. R. China)

Abstract : The creep deformations developed in steel significantly affect the deformation and bearing capacity
of steel structures in fire. However, such creep effect was not considered in fire-resistance calculation
method of steel columns in current specification of Code for Fire Safety of Steel Structures in Buildings
(GB 51249-2017). Load bearing capacity of steel columns at elevated temperature after considering creep
effect was analyzed by ANSYS soft package. A comparative study is performed in this paper to compare the
finite element results with measured data obtained from fire test,and it is found that the numerical results
and measurements show good agreement when considering the creep effect. Subsequently, the validated
model was used for parametric studies. It is shown that the initial imperfection (i. e., residual stress,
geometric imperfection, and load eccentricity), bend direction, load ratio, slenderness ratio and heating
rate have a significant influence on the load bearing capacity of steel columns when considering high
temperature creep. In contrast, the load bearing capacity of steel columns is less sensitive to the section
shape and yield strength of steel. A simple design method is proposed to calculate the load bearing capacity
of steel columns at elevated temperature.

Keywords: creep effect; steel column; calculation method; fire resistance; load bearing capacity

W5 B #3:2018-08-30

BB :HKHARPE4(51678090)

EE® A £ Dk 1982- ), , iz . i+, EEMNF AP M REF 5T . E-mail: wywang@ cqu. edu. cn.
Received : 2018-08-30

Foundation item: National Natural Science Foundation of China (No. 51678090)

Author brief: Wang Weiyong (1982- ), professor, PhD, main research interest: fire resistance of structures, E-mail.

wywang(@cqu. edu. cn.



% 14

FER.F . FEEEANGMESBARA T LT % 71

SR PT K PEREE M AR I KR A, KRR
PRS2 IPERERF R E LR T KRR AF I R I
BTG . BF5E K B0, Y IR B2 8 5 5N b
FUIY 33 Y0k, v R A X A R P 0 AR T i A

Som S A5 R B ok R BLYE D) (GB
51249—2017)" 45 (A 4R A o ol 7R 2 0 315 2 2%
P A R I o S Sl g R (v e
AR X 45 R e K M RE W R L T R T A S Y
Morovat 20 % BUAR A (1 55 15 i il fr 2% 5 K 40 1
T DL KT 80 FH B 8] A5G 5 8 2 A 2RI B AE
T B B Bt 57 F% 55 B ] S HE pREROC R L IFE X
THEAS A . A 2R R R VR AN A
) e il G A M RE E AT TR SE R LR R R T A
F 5 C/min, & E/NTF2TF 600 CHE, AT LA B %
R G 7 X8 55 A 70 KA B T S ) g G AR A S e A
FE AR Y R g1 A8 O 8 v, RN B R T %
W GE IR S SR BB T SI2 Bs JC0 H 1 T i 3 56 R IR
JERREALE EIREE N . Wang 20 5 i 06
DUASAS [R]3L BE AN 3 KSR Q345 B A1 Q460 40 1Y
WG AR ARTE T 45 RN b R I, 2 6 ) BN, B 2
Iy B %5 2 o B0 4 4 B K BE R T A s 0L IR R 4
K138 T Norton BEASFL I S 40, T H WA &R
055 7058 1 45 SR Ay 3 A 5 R T KB 2 S AR 1Y) 5 i 4
T B, T RSN X RS S AT T
WYUK PERE  IF 45 0 T 25 I AR 52 e 5 K 2R 1
ARV ik, 5 AN 5 R AR 5 i I 43 BT
T Q460 WAE P K PERE, TE 43 BT &5 /) A TE Fl 52
PERERT 51 T 8904 8% A8 i 52 ), (H 3 F — 2 4
2 S AR RO 5 A A s R AR 38 TR .

EH R A ANSYS 4 8 37 0 AE 43 B i A, 2%
JER A 0 S IR A2 L o BT BAE TR IR T B A2 R
3 2o 00 FR A X A R R AT T R R 3R UE B A R
JCRERI AT T R BRI S BT 45 R R, % IR IG 2
RN S5 BT 1 e U K 2 ) 52 00 B R B (R AR N T H
) [ DTN IRy [ G o - = G i 2 A A Y B0 8
) 52 W 958 K s A2 B8 TR =XR0 T A iR BE 1 5% T /0
ESHOT T SE R b 28 0 T 25 5% AR SO0 5 B A
o Yk AR T AT T
1 MEHEFE

H AT RRCHH 0 [ RS0 b A e IR R 38T Bt
AN TRIR B R A % B TR AR B 2 B
TERAR R S .

1.1 BR#NIIE EC3 Part 1.2
KM ALY EC3 Part 1. 287 25 17 844 119 5 16 7R

IR NN
N = Lff” (D

AP NIRRT R 2T s o D9 BRI H ARUE
FBGA DL YRR T AR S D BB T
SR sy AL R T BT 2 AR K HC L. 0,

WA R N AREE R o IR
(2)

B 1
o (gr + Vo5 — 202 )
gr = 0.5(1+adr +2ar7) (3)
e R R B BUE N 0. 65235/ f, sar A
M T RN KA (DO E .
— (e 0.5
po A(nm) )
STy BB IR T 38 FE WA s e 4
P TR R AR R B A AR R IR N R
PR AL 3 X OB E

T A _ A I 5
A—AP Tr'/E (5)

P A AR AN A, AR AL £, AN A
T RS E O R R R T AR,
1.2 HEMIE GB 51249—2017
CE 305N 45 18 B K B R M) (GB 51249—
201D g5 T AL R TR E A
N = @i Af (6)
or = acp N
Koo WA SR FREEESEG o HNHH IR
TR E RB O S BT ) (GB 50017—
201 W 5E .
C A W AR Z 45 H e o3 B Z W T I 72 1)
M, FEEJE A 3 A4 — S I AR B R 47 e HL 3w
25 o AN [ B B9 bF 2 B AR AN [) ) G A8 R v s TR SR R
Az K G B[] 3o AR X AR A SRy I A ) R R AN R
R R BT AL SR F ) R ) - AR O &R i £ 4

& T AR
2 BRTHEFAEEIE

BIF 58 2% BE U A2 1) 45 A4 T JCPE B IR, T LR
W5k Al DR T FROCE YU 7 3% . 86 7 ik 6
B R A RE AL AU T 3 D) 59 fg fi {EASE 7 )
APAE PR SR IR . AL R A A Y 45 4 BT K
AE I G ) 502 U AR R AL R B BRI
5 A2 X S A B K E R W K HLAR A AR R iR D
TR0 5 Z Wi AR I 4R 52 I 1) e 0 7 1 2 T A B
S T 2R i R v AR 5 I ) 5 I 05 728 114 R T



72 K5 xR % A FKRCE E D

%41 %

AR Z W ZE R 3 0 A i 00 B e 1 i AR AR
AL 2 A R AL BB IE . R G S AT 1 I A8 X A AR
TE TR R T By 520
2.1 BHRTEE

K ANSY'S 5453 1 2% 18 A2 5 BT & il T
52 JPERE . BouR BN SHELLIST, & il & 4N 41
I -7 5 ZR R ] EC3 i 32 4t i A5 Y, 3O ik &
B 1. 2X 107, JA A L 0. 3, IR AR BRI L ANSYS
WE S 10 MR AR J7 7 Norton A,

A SCHR L 18 T4 BIF 53 R X AN [ B 6 174 el 2 A
RUHEATIEIE 55T Wang S04 (1) Q345 40 M 1Y
Norton Uf 28 #8255, 15 5|

€ = Cio2e @/ (8)

A e, WIEAERAE R s 56 MM S1.Pas T NE .
Kiscer = ¢, (345/f, )2 ¢y, = 2. 1, ¢ = 10 6603 ¢, =

4.090 2X107"7,
2.2 AW

LABEIN 20 56 % X -0 Bl 5 mm (14 69 4
PEAT 32 Hs a8 R A 56 o 0 4 i 22 2 ) 50 5 e
S BB 1) i > 52 T 0 R SR A 8 7 T 2
B I TR 2o e BN [ A T R R R
T AR K 0 i ) AR TR A R R R e f KT B
JELRIBE Az . il TR R E AR (S C/min) . Tt
I N ) 5 A o 0 A8 X AR AR ] 1) 5 I K 14
BRI AL RS R, PEHR 4 MR LR A 2 AR
PR EAT A BROTAE R BGIE . AAE i 10 52 D0 Je I o
JE fy PR E LR (R L & H
W S B G EIE o EAREE ) L 5 A R
N SR BE T 3R 1 B - BR AR N3 23 A1 15X
B TGRS IRAE a=0. DR,

®1 KEKGFHNSH

Table 1 Parameters of the experimental tests
iR fy/MPa  E/GPa L/mm H/mm B/mm tw/mm t¢/mm N/kN T./C

ALl 285 205.8 513 99. 20 101. 90 6.10 7. 80 537 20
CL1 298 205. 8 513 99. 07 101. 78 6.43 7.80 110 694
AL3 285 205. 8 1270 99.08 101. 95 5.97 7.67 490 20
SL.43 281 205.8 2021 98. 89 101. 84 5. 80 7.57 366 20
AL6 285 205. 8 3510 99.08 101. 99 5.79 7.66 176 20
DL6 289 205. 8 3510 99.17 101. 68 5.73 7.60 11.5 727
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Fig. 1 Distribution of residual stresses
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Fig.2 Comparison between FEA and test results
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