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Finite Element Analysis of Flexural Behavior of

Composite Beams in Fire

Student : Hsien-Chia Yeh Adviser : Dr. Cheng-Chih Chen

Department of Civil Engineering

National Chiao Tung University

ABSTRACT

Composite beams formed with steel deck, shear studs and concrete
are commonly used in steel-buildings. Utilizing the finite element method,
this study aims to investigate the effect of parameters on flexural behavior
of composite beams at elevated temperatures. The research was
conducted by establishing. ‘and validating ‘the analysis model by
comparing the results with full-scale ‘test results, and setting-up the
parameters including the existing or not of the concrete slab, load ratio,
and cross-sectional temperature distribution. The results showed that
numerical model can effectively simulate the deformation behavior of
composite beams in fire. The parametric study demonstrated that the slab
could effectively reduce the deflection rate of the composite beams, with
decrease of the material strength, at high temperature although the
effectiveness was not apparent at lower temperature. The analysis results
of load ratio indicated that increasing the applied load, accompanied with
the strength decrease due to high temperature, resulted in detrimental

deformation of the composite beams. The analysis results of the
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cross-sectional temperature distribution showed that the flexural
deformation of the composite beams greatly influenced by the

temperature difference between top and bottom flanges of the steel beam.

Keywords: composite beam, in fire, finite element analysis, flexural

deformation
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% 4-1 0 BRI AB 4-7 #17 o
R R

A B R T 2 B RS 202,000 MPa s A M4 R a4
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83 70 A48 A 3T R ER MBI G T E RS > 2 AT
Mppd B FEB TR RFIE FHEAT BRI ARG E
FEREA TS > SRt PIEER > FIR P EFERESR X
FINEOEIE R FHER R A FRE M TOS LT B A4 AT
ME RS R BAp ko 3 BT BAFTHRE oo 50 R 1T R
Se B TR i R PIREE R T b0 RIBE 2 D RIBE S 2 BT B AR AR
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% 3-1 Eurocode3 4 2B B T2 B+ BEM 4

%8 e =
e<e,, eE,, E.,
60 <<, | f,—c+(bfafa’—(c,—c)]" e li(Zie__i)z 3
e, <E<t, £, 0
£, <E<E,, £olile e, )/ (e 0 se. ) .
£<s., 0 i
s “£3/E., £4=002 g,=015 g, =020
a’ = (2,0~ 8,0 6,0 €0 + /E,)
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32 AR ETLI BETITEREK

B 0,8 RAP¥T 20°C 2 "% KRB R f)
SR %8 B, 2 47 Gk
. FoRERER | BIUA SR o 5]
iR R 0,
TR i TR i AL TR Tl
GR6) | et f) | (R E)
Kyo=Ff,0/fy | Kyo=Foo/fy | Kpo=E,q/E,

20°C 1.000 1.000 1.000
100°C 1.000 1.000 1.000
200°C 1.000 0.807 0.900
300°C 1.000 0.613 0.800
400°C 1.000 0.420 0.700
500°C 0.780 0.360 0.600
600°C 0470 0.180 0.310
700°C 0.230 0.075 0.130
800°C 0.110 0.050 0.090

900°C 0.060 0.0375 0.0675

1000°C 0.040 0.0250 0.0450

1100°C 0.020 0.0125 0.0225

1200°C 0.000 0.0000 0.0000

P RPPRBREAEHEAFZ E o
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£33 MDA E TS SRR K

0 R RAPE 20°C 2 B & £~ i R

B il B, 2 47 Thdic

—— FUR 9 K b B SE |4 i
TR Tl TR Tl TR Tl
(p > £) (p ¥+ £) (48 %1%+ Eo)
Ky,e :fy,e/fy Kp,e :fp,e/fy KE,e =Ea’9/Ea

20°C 1.00 1.00 1.00
100°C 1.00 1.00 1.00
200°C 0.95 0.80 0.95
300°C 0.85 0.60 0.81
400°C 0.75 0.40 0.68
500°C 0.60 0.20 0.54
600°C 0.45 0.00 0.41
700°C 0.30 0.00 0.27
800°C 0.15 0.00 0.14
900°C 0.08 0.00 0.00
1000°C 0.04 0.00 0.00

IV IRMPPBEREANRRIBRFZE
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% 3-4 ABAQUS % "1~ % A7 ¥ =4

2 SI SI (mm) US Unit (ft) | US Unit (inch)
+ R m mm ft in
4 N N Ibf Ibf
e kg tonne(10° kg) slug Ibf s* /in
peF s s s s
&+ | Pa(N/m?) | MPa(N/mm?) Ibf/ ft? psi(Ibf/in?)
T o J mJ(107T) ft Ibf in Ibf
%R kg/m® tonne/ mm’ slug/ ft> Ibf s /in*
7 4-1 #RFRTHEZ
R o5 R fE£7 & e L
1 11 mm E 60 min
2 14 mm 7 120 min
3 11 mm 7 93 min
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Stress o,

\
' Eap =tana
\

-
€p,o €yo E€sp €0 €u0

Strain ¢
(Eurocode 3 2005)

® 3-1 Eurocode 3 441 28 %~ 7 B 2A 2 B4 REM A

1 N ——&—— Effective yield stress
R \\ == @ Slope of linear elastic range
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