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Fire performance of circular steel tube confined reinforced concrete
columns exposed to natural fire
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(1.Key Lab of Structures Dynamic Behavior and Control ( Harbin Institute of Technology) , Ministry of Education,
Harbin 150090, China; 2. Key Lab of Smart Prevention and Mitigation of Civil Engineering Disasters ( Harbin Institute
of Technology) , Ministry of Industry and Information Technology, Harbin 150090, China)

Abstract: To investigate the fire performance of circular steel tube confined reinforced concrete (STCRC) columns
exposed to natural fire, a finite element model including thermal analysis model and stress analysis model was
developed using the software ABAQUS. The main considered parameters were fire heating rate, heating duration
time and load ratio. Parametric temperature-time curves recommended by Eurocode 1 were employed as the
temperature curves of natural fire, and the ISO — 834 standard fire curve was selected as a comparison. The results
showed that the faster heating rate and the shorter heating duration time of nature fire resulted in the higher
temperature gradient of the composite cross section. Circular STCRC columns exposed to natural fire might fail in
the heating phase or the cooling phase. Based on the method of equivalent fire exposure time, the fire resistance
under natural fire and standard fire could be converted reciprocally and then compared with each other. It was
found that fire safety design with ISO — 834 standard fire curve was conservative when the heating rate of natural fire
was slower than that of the standard fire. However, fire safety design with ISO — 834 standard fire curve was unsafe
when the heating rate of natural fire was faster than that of the standard one. Thus, natural fire curve in fire safety
design is recommended for this condition.

Keywords: circular steel tube confined reinforced concrete column; natural fire; finite element analysis; fire
resistance ; equivalent exposure time
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Tab.1 Parameters for different types of rooms

e Ko x s i Agw® A/md Hymoo A JBR - BEIREYES
mXmXm P l/m? Bi/m? v HF 0  (Jm s~ '?K)

ZJE(A) 25 x20 x3.6 — — 500.0 1324.00 — — 0.020 1 500

Wb (B) 9%x3.9%x3.6 1 x2.1 1.5x1.8 35.1 158.28 2.1 4.80 0.044 1 500

FE(C) 5.4x4.8x2.8 0.9x2.1 2.4x1.8 25.9 102. 64 2.1 6.32 0.088 1 500

##= (D) 12 x9 x3.6 2x1.2x2.1 4x2.4x%x2.4 108.0 339.12 2.1 28.08 0.120 1 500
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Tab.2 Parameters for different fire curves

K A R TR, R/
Mgk ERET 0 TR ] j‘-k

g/ (MJ - m -2y min min
A-1 0.020 250 56.7 475
A-TI 0.020 500 113.3 600
B-1 0.044 250 20.0 120
B-1I 0.044 500 30.5 135
B -1 0.044 1 000 60.6 190
C-1 0.088 250 20.0 60
C-1I 0.088 500 20.0 60
C-11 0.088 1 000 34.6 100
D-1 0.120 250 20.0 70
D-1I 0.120 500 20.0 70
D -1II 0.120 1 000 31.9 80
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Fig.2 Temperature-time curves of different natural fires
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Fig.3 Validation of the thermal analysis model
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Fig.4 Validation of the stress analysis model for columns at room temperature, under fire and after fire
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Fig.5 Temperature-time curves of different locations across the section

2.2.2 TR KA BR T

&6 J& B KUK HTISO — 834 A k%K T A
TG L R AIREE LA AE AT B L R 0.7 Bl ) o7
B — W R . A nl AR IR 2 7 T 48 FIBEAR T
R A B B, TG R AK AR IE . R AEAN ) K T i
WIAR T4 P AR RE , BRI TS AR BIR AR A A T e84
T 28l 1) A 9 3 8 8 BIR A T 3 380 i A BR. ke e
FHEHR AR IEA A F2M D Zfi K, Hoh 2671 B
THEE R 5 IS0 — 834 fr ik Tk i & H230r, 257 A
FRRE AT K AR B e K, far 28 L R 0.7 B it AR BR
40. 8 min, 1] [ 45 2514~ 258 D (948 {4 it S BRAY
R 5.4 min. [ IR R 3G 0, B 1 i A T
B il N AR AR R R I BRI £
A 10 O Rk I i A AR B T DL 3R S RO R B R
V5] 40 A2 240 S 77 Y U A 78R L A AN TR b
2 [52) 0 A 240 S A R A B TR AR B

PLESTKI ML C - A, ASE w7k 4R

5

——1S0834
- —-A-1
0% ----B-1
. =2 —-=C-I
£ -5} S~ - D-1I
& 1
= 10 1
e |
-15F |
|
. 1
-20 CH | 1 1 L ]
0 10 20 30 40 50

(8] /min
6 faELt 0.7 BRI — B iE 2%

Fig. 6  Axial displacement-time curves for different types of
natural fire (n=0.7)

ER AR EE AR ALRS — TRl 2k WL 7 (a).
K7 (b) AR IR AT AR KR 5 F 13 B
LA SRR P TR R A AR TS AR B i 28 ARG 1 T 45
ARTE e RS, R AT KRR FRASARR  DA A 2828 D 2k
Ry, FHEE ARG AGPFITE AR BRIZ AR



XA, A LS KA FI T B9 29 AT R B AR ST K PR AE <43 -

%12
5=
-—-04
(1) NE ---=0.5
£ CONT S —=-=-0.6
=) . ‘\ A el 0.7
= -5 N % . ~
R R N
= -10 AN T
= -r Y | N
= P :
—15F ] i : |
it !
-20 M L b
0 10 20 30
8] /min

(a) TR LEXTF AL RS — ]S R0 (C-T1T k)

80
—a—[SO0834
——A-T

——C-1I

(=)
(=]

R=

£ ——D-T

= 40}

= \

% \\

= 20l \ \
e

0 1 1 1 1
0.4 0.5 0.6 0.7

ML n

(b) i 8 HE XS iR AR B 4 520
7 TR EAIRE - B iE) SC FR AN AR R B9 7
Fig.7 Effects of load ratio on the displacement-time curves and

fire resistance of circular STCRC members

ANTFL K I35 AN s A8 H A B0 T A By i ok
PPR LR 3. Mgk LRy 0. 4 BF, A Al B J k0T
PER K AR, C 28 D 2RI A AR, A b A
0.6 5 0.7 If, A 28 ~ D 28 KK ¥4 K AR IR,
s ZOE R R A AT RELE IR A B IEL B & A IR
e D — IT A THELRE] ) 20 min, 4535 LN 0. 4
I, A PE R T O BR A 26. 8 min , A0 e B BE A A=
IR, SR DNTRAE IR S, MRS BT 4R %
I, O BE L SR AL T 1R B B, A4 PR TR 7R IR
A A AEARER T 77N T sy 2808 S0 i AR PR

®3 HELNR T4 NARR

Tab.3  Fire resistance of columns exposed to natural fire

min
JGiE=424
mhek  THEEE SR

0.5 0.6 0.7
A-1 56.7 475 KUK RBIR  60.1 40.8
A-1I 113.3 600 RWEIR  RWEIR 59.7 40.8
B-1 20.0 120 RWIR  RBEIR 23,7 14.7
B -1I 30.5 135 KRR 28.7 22.8 14.7
B-1II 60.6 200 KWk 28.7 22.8 14.7
c-1I 20.0 60 ABEIR 13.8 10.2 7.1
C-1III 34.6 100 29.6 13.8 10.2 7.1
D-1I 20.0 70 26.8 11.6 6.6 5.4
D -1I1 31.9 80 25.4 11.6 6.6 5.4
130834 120.0 120 40.3 25.2 20.2 12.7
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method (D —1I curve, n=0.4)
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Tab.4  Fire resistance ¢, calculated by equivalent area method

min

(OE=1:4

Mgk FRUREEE )
0.5 0.6 0.7

A-1I 113.3 600 — — 38.70  24.26
B-1I 30.5 135 — 26.68 20.98 13.04
C-11 20.0 60 — 16.54 12.43 8.62
D-1I 20.0 70 33.82  15.95 8.99 7.42
150834 120.0 120 40.30 25.20 20.20 12.70
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