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Experimental analysis of the mechanical performance
of steel-concrete girder under fire loading

Yao Weifa , Huang Qiao , Zhang Juanxiu
(Department of Bridge Engineering, School of Transportation,
Southeast University, Nanjing 210096, P. R. China)

Abstract: In order to investigate the basic mechanical performances of the composite girder under the fire loads,
three typical experimental models including simple-support T-section girder, simple-support box-section girder, and
continuous box-section girder, were built. After establishing a detailed experimental plan, a fire experiment loaded
on three sides was conducted in a laboratory fire furnace. The comparative study on the material characteristics of
steel between the models before and after the fire loads showed that the yield and limit strengths decreased by
10%~20 % after fire loads with the 700~900 ‘C. The elastic modulus of the steel girder only slightly changed
with the increase of temperature. The influence on the concrete material during the fire could be almost ignored;
however, 5% decrease of the concrete material strength could be found after cooling off. The results provided good
experimental and theoretical foundation for determining the basic material characteristics in the anti-fire design of
the composite girders.
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Table 3  Test results of the yield strength o,

of steel plate before and after fire

- JE SR IE AR 2 i e
RIS o )
Bifti/MPa /% % kiE/C
SCB0-1~ SCB0-6 238.6 R
SCB1-1~ SCB1-6 211. 4 11.4 700~800
SCB2-1~ SCB2-6 208. 3 12.7 700~800
SCB3-1 i ~SCB3-6 i

187. 4 21.5 800~ 900

SCB3-1 Jig ~ SCB3-6 Ji&
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Table 4 Test results of the limit strength o,

of steel plate before and after fire
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Bifi/MPa  JBE/% % kIRE/C
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Table 5 Test results of the elastic modulus of

steel plate before and after fire

KBERTI SCBEL EM KPR SO SREEE

Fegi5  /10°MPa /10°MPa K45 /10°MPa  /10°MPa
SCBO-1  2.118 7 SCB2-1  2.045 5
SCBO-2  2.0458 2.1056  SCB2-2  2.1403 2.086 8
SCB0-3  2.152 3 SCB2-3  2.0745
SCB1-1  2.042 3 SCB3-1 & 2.053 2
SCB1-2  2.1325 2.1034 SCB3-2J& 2.0604 2.065 4
SCB1-3  2.135 4 SCB3-3 I 2.082 5
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Fig. 24 Stress-strain curves of steel plate before and after fire

3.4 BELHERE
30401 RAFBRAE —BORUE . R iR IS R BE 1 ok B
P AT M e R AL 1 = 2R A

DKy 78 % 5 T8 B 9 ¥ 2 B Fn 24 4%

2) LB R L Bl A U A S AR 1 B T B S P
P PR AR T 25 M R T 5

3) BB B 32 I K i 24, 3k 26 PN R A 405 1 K
i o0 FE B Bl Yl T g T S ™

4) 295 BE I B 5 — B A, K U A R R AR
55 I 43 i S UK U A1 25 R R

5) VR BE b PN I B A B 5 RS 1 P I ) R B
S RRE,

832 SR AT TR B AR e S AT DA TR] 4L R B 1
WIVEW 204 6 B 150 mm X 150 mm X 150 mm F5 #fE
RePiREE L IR IR GR IR S 1~6), Z4R
R 5 DA ) 2% (R R AT 3R 3, 6 8 IR R
TR B DA R PR VR BE 1 ST R R

SCB1~SCB3 & {32 JOX 55 ) » 78 52 K &B AL LA

B 7 2O AZ K R 56 G R B [ A T TR
R, MRy LI, A EAE R 70~75 mm
FE AT RE I 1 BT 58 B 5 A o TS AR I (A FR A
0 100 mm, @A A 1159 R 8 BAE AR 1)
(AT 3 3 AR 24 R e i 43 S R 3
P70 mm X 70 mm [ & B AR G g
SCBI1-1~ SCB3-3) , Il t 14y 158 A3 44 18 5 1 5 B B oy
o i S VR BB b R T TS A 1 YR R R R R RS S TR
& AR LA 25,

HY T TR BE T MR VG 8 B 4% 32 L TR BE 1 A2 ™
L PUE R IR A A T4, WL 25
(b, J5 WITR € £ 98 B a0 S AR R 2 DA 25 B X
Sy WEASUIE BE 5 O TS D6 AL R AT i 1 AL B S i T

(a) RHEEHBUS

(a) Coring for the concrete

(b) BUE )5 % ik
(b) Concrete sampling after coring
B 25 R & LR
Fig. 25 Concrete test samples
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3.4.2 MMRELSHE ONEIRBLS R RE R
A PR L 32 KRG TR R R R K 5 B 1R) 35 22 HE
FETA) — R iEAT . IS 7E 7R m K R 50 8 9 R 2
JE SR E L EEAT, 3% 6 Al T RS 2 KRR R
58 - 37 5 A i R I
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Table 6 Strength of the test samples in normal temperature

Wk ) 1k I fiip S 5 o 35
i B /mm K FF/mm )
ELhe #/KkN  JE/MPa /MPa
1 151 149 800 35.6
2 151 152 743 36.7
3 150 149 773 34.6
34.3
4 149 150 702 31.4
5 151 149 796 35.4
6 151 148 811 36. 3

T T2 KR MR RETE 1R B P i i
TRBE Lo .
®7 BRRRAGRELRE

Table 7 Strength of the test samples in high temperature

WA HiZ [ W S 5
¥ {H /MPa

Rz /mm /mm #/kN J /MPa
SCB1-1 70 71 118 30. 7
SCB1-2 71 71 142 35.9 33.5
SCB1-3 70 72 130 33.8
SCB2-1 71 72 143 36.1
SCB2-2 71 70 120 30. 3 33.6
SCB2-3 70 70 132 34.3
SCB3-1 71 70 138 34.9
SCB3-2 71 70 116 29.3 32.7
SCB3-3 70 70 130 33.8

XFHER 6,38 7 AT LA Y X T 52 KB [ R K Y
SCBI #(32 min) 5 SCB2 % (34 min) & % + X1
LR BE G b F 3 AR KT TR BE V% 205, L B AR 4
TR IR TR BE 1 5R EE RE AR B AN B 200, R H g
FE S A B W] DLIA O R & AR B 8 Ak (HR X T
2 KT ] 8K i1 SCB3 22 (60 min) TR & + 344, k
PR IV 5 1) 8 BE A — E 5 R AR T IR R
TR R SRR AR 500 A2 A R RS e R BE /N T KK
TR [ A 1 2% R AR 1) 5

4o

B XF ok R T e TR R AL A R 0 b R B
AT IR T, Je1E 3 A-IR BE L4 & R i
P8 43 0 R TR S T T8 5% L1 AR B B2 I 3% Se A TE 3t
ik 32 JOE BRI A 5 R 32 IO A b 1 il e 2
XF e 1B LL R S5

D) 52k (R iR EEAE 700~900 C) %4 AR 41 Kt
F1% JoE R B 3 AW RIS 5o 32 45 A — o R B A AR T LA
KF 15%~20%,

2) Z K (BERELE 700~900 C) ¥ K HHR
oA Rk SO A o O B T v A AR AL (AR AR A K
HORT 50 A KR e ki L PR A P AS T AT

3) FRETHIR HEZ N &2 KBV T 30 min, W] 2
I AN K9 T TR B - 5 B A M ) S

4) BRUETHIR 2T 52 KFHE] K F 60 min, KK
XiF LV A 1 BF ) B B A — R, R R TR
BE IR S BEIR SN A .
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