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Numerical analysis of fire resistance of a new type cold-formed
thin-walled steel concrete composite floor

WANG Weiyong', MA Jie', ZHOU Xuhong'. SHI Yu', MA Quantao®
(1. School of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China; 2. Rizhao DSUN Building
Construction Company Limited, Rizhao 276800, Shandong, P. R. China)

Abstract: Cold-formed thin-walled steel concrete composite floor is fabricated with profiled steel sheet-
concrete composite slab at the top and cold formed steel built-up beam at the bottom. When fire occurs on
the lower side of the floor, the cold-formed thin-walled steel beams and profiled steel sheets will be directly
exposed to fire. In order to improve the fire resistance of the floor, a new type cold-formed thin-walled
steel concrete composite floor is proposed by fixing fireproof board on the lower flange of cold-formed steel
beams to form a fire protection layer. However, the temperature distribution, deflection and fire resistance
time of the new floor will change after adding fire protection, so fire resistance performance of the new
floor needs to be studied. A simplified three-dimensional finite element model is established to analyze the

influence of concrete slab thickness, beam height, load ratio, fire protection on the fire resistance of the
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new floor. It is found that the temperature at the same height of the steel beam is basically similar along the

span direction but not uniform along the height direction when the direction of the profiled steel sheet is

vertical to the steel beam. Increasing the thickness of concrete slab appropriately has little effect on fire

resistance. In addition, the critical temperature of the hot flange with different cross-section sizes under the

load ratio of 0. 2~0. 5 and the time-temperature curves of the hot flange with different fire protection are

obtained, which can be used to estimate the fire-resistance time of the new floor.

Keywords: cold-formed thin-walled steel; composite floor; fire resistance; finite element simulation
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Fig. 1 A new type cold-formed thin-walled steel
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Table 1 Size of section steels
e/ 3 B R, KB/
oy— Mt/ EZ/ Bl WE/ K
mm mim mm mm mm
C R (BT 3 200 40 15 1.2 4500
U A (F:HD 202 50 1.2 2400
C RV (RIME #4200 40 15 1.2 600

CHBR GBS 200 40 15 1.2 160
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Fig. 3 Finite element model of the new floor
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Fig. 4 Distribution of temperature test points
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Table 2 Mechanical properties of concrete at elevated temperature
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Table 3 Mechanical properties of Q345 cold formed thin-walled steel at elevated temperature
BE/C  fer/fy Er/EPU Ak WEE/C o fur/fy  Er/ERY AL WE/C fur/fy Er/ERY AR
20 1 1 0.3 300 1 1 0.3 600 1 1 0.3
100 1 1 0.3 400 1 1 0.3 700 1 1 0.3
200 1 1 0.3 500 1 1 0.3 800 1 1 0.3
x4 BEIAISH
Table 4 Thermal parameters of concrete
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Table 5 Thermal parameters of Q345 cold formed thin-walled steel
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Fig. 5 Diagram of contacts
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Fig. 7 Finite element model and failure mode of the floor
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Fig. 8 Comparison of floor test and simulation
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Fig. 9 Heat transfer simulation results of the new floor
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Fig. 12 Temperature comparison of different floors

~140}

-160

0 20 40 80 100 120

60
I 18)/min
if:—'—R:O.Z(FI) —*—R=0.2(F3) —*—R=0.3(F1)
—+—R=0.3(F2) ——R=0.3(F3)

(a)R=0.28%0.3

—

Op
—_
—40
g
-60
5
-80
Ex
-100
£
-120
1409 20 40 60 80
58] /min
s —— R=0.4(F1) —— R=0.5(F1)
—e— R=0.4(F3) —~— R=0.5(F3)

(b)R=0.45%0.5
13 AEfTEEL R &S5 AY i 8] —25 o e A o 2k
Fig. 13 Time-deflection curves of the floors under

different load ratios

4.2 FFNMRIPEE

BT 3 R[] 7 K PR 28 AL 1 B o 4 F5 A
F6, LR R SF UL 6, BEEEIA T. 24802 % Chen
SEL I L 3 A PRI 2] FALF5 Il F6 8%
SRR AT LA 14 B b F4 R F6 B
KARAPASTUAR ] 5 53 A0 U 042 30 o T4 3 6 Al

FAMUK) F5, i TR SR S AR T AT
B s 0 Fo e 25 A HALR BE R & T F4 I F6., AL
K 14(a) 1 (b) , 7F 40 min J&§ Tur. Twe Al Top PIHEIT
TP, LT AR 8 Bl SRS, 7 b 35 32
[Fi] — 57 B ) AR 3 50 5l Be B2 3 T LA 2 P RfAS
[ B AR 3 2H TR ) s 5 32 M 3 5 3k 30 [) — Ik 32
i, A T 2 A AT (R A A AR AL, AN
NTRY 7 K AR 28 T8 F A8 i 3 81— AR 17 303 R
NNy [ A

HRAE IR 53 B 48 S 4 Hh R — T R A i w7
AN 2 LT 52 KA 3 25 i 53R 8 AN [] Bl R4
AT M T A2 KB ) I T3 G R 2, BT
3 2o 52 A B 1 ST A R AT B — B SR
TR Py A% 55 X8 L P T KA B . 3 8 S AN [) 4 v R ST
o 28 LU RS 5 T A2 SO B R e ST E L 3R 9 Sy 3 b
B UL ARSI 53 51X L R 55 S A7 I3 2% 1)
R ) G 2R, ARAE R 8 RN 9 WA 2 e AN W) ifit
KA (30.60,90 min) AR 56 B JCOR-AF IS TR Rl oy 2
FEBRAEL, 451120 % T R 32-200”, R<<0. 3 H.
B A 4 26 580 Sk < S+ B” 4 B 35 L 32 it Ta) 3k 3
90 minf 52 K 3 25 Yk B2 AT I T i SR RS, BV ok
MBRAE 90 min DL I, Tt K EE ) R —2

800 [

0 20 40 60 80 100

N 5FE)/min

H:—=F4HF —+F5-HF —>— F6-HF
—+—F4-Web —4— F5-Web —%— F6-Web
—4 F4-CF —4—F5-CF —+ F6-CF

(a)F4, F5HIF6
800 -

0 20 40 60 80 100
I 8)/min

H:—a FI-HF —+ Fl-web

—= F4-HF —e—Fi-web

(b)F1fiIF4
14 AEFARIPEBIHREZBESTLL

Fig. 14 Temperature of beams with different fire protections
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Table 8 Critical temperature of hot flange of beam

A R+ R=0.2 R=0.3 R=0.4 R=0.5
32-200 720 665 568 409
50-250 762 721 624 360

T+ 32-200 R FERVRAAR Y LA FIRHE + R 32 mm, 1 55 2
200 mm,
F9 AEBHNRIPEBIBZLZ M E L%
RE-REXR
Table 9 Time-temperature relation of hot flange of beam

under different fire protections

7 A A IR/ C
#1255 40 min 50 min 60 min 70 min 80 min 90 min100 min 110 min

S+S 295 399 481 565 655 714 740 785
S+B 171 312 376 460 560 664 725 763
B+S 239 363 462 565 649 711 739 786
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