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Q550 Steel
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Abstract: By procedures of heating, cooling and static tensile test at ambient temperature, an experi-
mental study was carried out to investigate the post-fire mechanical properties of TMCP (Thermo-
Mechanical Controlled Process) Q550 steel. Nine experienced temperatures from 200°C to 900°C and
two cooling methods, that is, cooling in air and cooling in water, were considered in the experiment.
The apparent characteristics, stress-strain relationship and basic mechanical parameters including elas-
tic modulus, yield strength, ultimate strength and ultimate elongation were obtained. The results

show that: high-temperature treatment and cooling method have little influence on the elastic modulus
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of the steel; when the experienced temperature is higher than 600°C, the yield strength and ultimate
strength begin to decrease; when the experienced temperature reaches 700°C or above, the stress-
strain curves of the steel have no yielding platform, and the mechanical properties of different cooling
methods begin to show differences: as the experienced temperature rises, the strength decreases and
the elongation increases after cooling in air, while it shows inverse trend after cooling in water, and
the difference of the results between the two cooling methods becomes more obvious. Comparing the
test results with literature results, it is found that when the experienced temperature is higher than
700°C , the post-fire mechanical properties of TMCP Q550 steel are different from those of QT
(Quenched and Tempered) Q550 steel. The reduction of the elastic modulus of TMCP steel is great-
er than that of QT steel, and the strength of TMCP steel is lower than that of QT steel when the ex-
perienced temperature is 900°C.

Keywords: TMCP Q550 steel; post-fire; cooling methods; experimental study; mechanical proper-

ties
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Table 1 Chemical constitution of TMCP Q550 steel

(i3 % C Si Mn P S Nb

Ti Cr Ni Mo B CEV Alt Pcm

B8/ wt%  0.06 0.24 1.56 0.01 0.001

0.032 0.015 0.19 0.02 0.005

0.0016 0.36 0.036 0.17

F2 XHER

Table 2 Situations of specimens
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Fig. 3 Surface characteristics of the specimens after the test
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Fig.4 Stress-strain curves

23 NEHRESH

TMCP % Q550 = 5 4 /=1 ik J5 19 7 2% 1 e S %k
(B UL 2% 3, AH I 1 BT e 22 B50(E 0L 3% 4, P10 3 BB IR
JEE AR AR 01 B0 A 5 TR . Hed P R BCH R
J W 1 =R S BUE 5 R R A AR N E 2 L B
Sor S AL R S B IR B BB
JE WS PR R TRoR T KR E, FARAH T
FEORH TR AL G S8 A T — AR O ROl 2R
A B0 IR B WU R AR Sk e R R
A JC B 1 IR ST- B, WER 0.2 %6 1 % Ak L AR i X
VL B R I AELAE A 24 S i B

TMCP &1 Q550 fry 5 A9 il P4 A5 a5t 1) 4 9 78 128 2k
T B R 700~800 “CH 48 B 8, 37 9 R ¥ A 750 “C(H
SRVZEN) (700 “C K ¥ 2 ) I 3K BB /NME B A 7E
1296 Z V9 5 47 72 W 1% T 31X [i) D) 58 A5 i %) 47 0
BIAE 3% LA o DR, 3o kTl B B 8 30 O =00 3
B 1) B2 MR A /DN

55 kIR E R B 3 600 TR R IR A HI X TM -
CP 2 Q550 #9419 Je Al 56 B T BH W 52 Wl 5 >4 2o AL
J& 2 600~800 “CHY , B % & J i B2 09 7+ &, i Al o
BE BRI N o 2 O S 700 CCHE R [/ ¥
07 A5 R EEA — 0 510 KR FE 2 700~800 °C
B B I B T AN ()8 A =X A8 Ak A 8L,

372

®3 BIRETMCPE Q550 Mt hESHME
Table 3 Values of post-fire mechanical properties of TM -
CP Q550 steel

Er/MPa Jfoa/MPa [, y/MPa A/ %
N w N W N W N W

T/C

30 198868 198868 643 643 682 682 19.77 19.77
200 197 336 197412 649 636 687 674 19.98 19.13
300 193432 198641 652 642 690 686 20.00 19.18
400 197 888 195109 620 661 667 701 20.58 18.95
500 198585 196 746 669 647 704 682 19.19 18.92
600 196 032 197 532 624 644 662 683 20.07 19.61
700 190338 175933 510 507 568 577 20.93 17.62
750 175486 181945 402 479 534 682 17.07 13.75
800 179278 195851 365 445 587 718 20.51 9.70
900 192702 193578 251 766 466 957 31.53 12.86

£4 BIERFETMCPE Q550 MM N ESHITR A H
Table 4 Reduction factors of post - fire mechanical prop-
erties of TMCP Q550 steel

E/E S/t Soalfs Ar/A
N W N W N AW N W
30 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
200 0.99 0.99 1.01 0.99 1.01 0.99 1.01 0.97
300 0.97 1.00 1.01 1.00 1.01 1.01 1.01 0.97
400 1.00 0.98 0.96 1.03 0.98 1.03 1.04 0.96
500 1.00 0.99 1.04 1.01 1.03 1.00 0.97 0.96
600 0.99 0.99 0.97 1.00 0.97 1.00 1.02 0.99
700 0.96 0.88 0.79 0.79 0.83 0.85 1.06 0.89
750 0.88 0.91 0.62 0.74 0.78 1.00 0.86 0.70
800 0.90 0.98 0.57 0.69 0.86 1.05 1.04 0.49
900 0.97 0.97 0.39 1.19 0.68 1.40 1.59 0.65

T/C
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Fig.6  Comparison of reduction factors of post-fire mechanical properties of TMCP steel and QT steel
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