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Mechanical properties of high strength steels S460 and S690 after fire

QIANG Xuhong, WU Nianduo, JIANG Xu, LUO Yongfeng

(College of Civil Engineering,Tongji University, Shanghai 200092, China)

Abstract: The load bearing capacity of steel structures after fire reduces mainly due to the deterioration of its
mechanical properties. This paper presented an experimental study on material properties of high strength steels S460
and S690 after fire. The post-fire elastic modulus, yield and ultimate strengths, ductility and stress-strain curves were
obtained and compared with the post-fire mechanical properties of mild strength steels. It is found that when the fire
temperature from which the high strength steel is cooled down is less than or equal to 600 C, S460 and S690 can
regain their original mechanical properties. When the fire temperature is up 1 000 °C , S460 can also regain more than
75% of its original mechanical properties, but S690 only regains 64.5% of its original elastic modulus, 38.1% of its
original yield strength and 57.3% of its original ultimate strength. The mechanical properties of high strength steels are
different from mild strength steels. Predictive equations were proposed to evaluate the post-fire material properties of
S460 and S690. Comparing with the test results, the predictive equations were validated. The predictive equations can
be employed for practical inspection and appraisal of steel structures after fire with members made of S460 and S690,
and provide a reference for the revision of current worldwide leading design standards.
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Fig.1 Temperature-controllable furnace
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Fig.3 Tensile test rig inside the furnace
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Tab.1 Chemical composition of S460NL and S690QL %

TR AN C Si Mn P S Cr Cu

S460NL  0.172 0.483 1.500 0.012 0.005 0.020 0.025

S690QL  0.160 0.210 0.850 0.012 0.001 0.350 0.030

1R SR N Nb Ni Ti \ Al Mo

S460NL 0.0051 0.046 0.018 0.002 0.087 0.037 0.002
S690QL  0.002 6 0.025 0.050 0.006 0
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Fig.4 Test specimen and dimension
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Fig.5 Stress-strain curves of S460 after fire
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Fig.6  Stress-strain curves of S690 after fire
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Tab.2 Post-fire elastic modulus and residual factors

S460 S690
0/°C
PVERIE/MPa IR PAVERLE/MPa AT REK
20 202 619 1.000 212 490 1.000
100 — — 211 800 0.997
200 — — 210 808 0.992
300 202 300 0.998 210 400 0.990
400 198 870 0.981 208 900 0.983
500 194 910 0.962 205 900 0.969
600 191 320 0.944 203 500 0.958
650 190 000 0.938 195 250 0.919
700 186 140 0.919 184 761 0.870
750 176 184 0.870 168 879 0.795
800 173 660 0.857 160 010 0.753
850 170 780 0.843 149 520 0.704
900 163 980 0.809 142 538 0.671
1 000 144 470 0.713 137 063 0.645
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Fig.7 Post-fire elastic modulus residual factors
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Tab.3  Post-fire yield strength MPa

5460 5690
0/C

02% 05% 15% 2% 02% 0.5% 15% 2%

20 490 495 490 524 789 806 784 786
100 — — — — 787 801 787 787
200 — — — — 787 782 789 789
300 490 496 495 521 785 781 781 781
400 489 489 495 498 786 806 788 786
500 494 496 490 509 786 807 790 790
600 480 478 492 506 785 802 783 786
650 466 472 474 473 793 800 769 783
700 474 474 471 472 705 707 702 698
750 442 439 430 455 591 591 603 608
800 428 425 437 432 484 484 486 486
850 427 427 428 441 420 420 417 418
900 427 424 425 426 320 321 375 394

1 000 374 375 387 400 301 301 328 351
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Tab.4  Post-fire yield strength residual factors

5460 S690
0/C

02% 05% 15% 2% 02% 05% 15% 2%
20 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

100 — — — — 0.998 0.994 1.004 1.002
200 — — — — 0.998 0.971 1.006 1.004
300 1.000 1.002 1.010 0.995 0.995 0.970 0.997 0.995

400 0.997 0.988 1.011 0.951 0.997 1.000 1.005 1.001
500 1.007 1.002 1.000 0.972 0.997 1.002 1.007 1.005
600 0.980 0.966 1.005 0.965 0.995 0.995 0.999 1.001
650 0.950 0.954 0.968 0.903 1.006 0.993 0.981 0.997
700 0.968 0.959 0.960 0.901 0.894 0.877 0.895 0.889
750 0.901 0.887 0.876 0.868 0.749 0.733 0.769 0.775
800 0.874 0.858 0.891 0.824 0.614 0.600 0.619 0.618
850 0.871 0.863 0.873 0.843 0.532 0.521 0.531 0.532
900 0.871 0.858 0.867 0.813 0.405 0.399 0.478 0.502
1 000 0.763 0.758 0.790 0.764 0.381 0.373 0.419 0.447
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Fig.8 Comparison of post-fire yield strength residual factors
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Tab.5 Post-fire ultimate strength and residual factors

S460 S690
R/ MPa FIAREC  WPRBREE/ MPa FlA4Y RAL
20 640 1.000 820 1.000
100 — — 823 1.003
200 — — 823 1.003
300 638 0.996 822 1.002
400 637 0.995 820 0.999
500 631 0.985 821 1.001
600 621 0.970 820 1.000
650 608 0.950 807 0.983
700 605 0.945 743 0.906
750 566 0.884 646 0.788
800 571 0.892 552 0.673
850 580 0.906 507 0.619
900 568 0.887 485 0.592
1 000 521 0.814 470 0.573
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Fig.9 Post-fire ultimate strength residual factors

2.4 I
AR 1 A M B T B9 B4 1 IR T 9 A2 TE g

WL 5 6 i {4 W B Y N AR B] Y S460 FE
T (A At KO B BAR T ) e H:2 E F
S690. {H 24 it J iR FE #3750 °C I, 75 Fl 9 A1 4 )
JE B SE P A 5. (A A R, Yt KR E R
750 CH,S690 ¥4 5 09 4E M & T8 il (R k)
BT S460 A& & BLUL IS 161 10 11 51 1 e vt A
(AR k) IR T RIS, /T LR Y TR
A FERE IR AT ¥ % A i 4m BL 4, Jo i 1 e P 3R
I R W v R B KO R LA — o B IE P T 2 AR
UEZE A8 KR 5 0 % 4

B 10  S460 Hrfiik i A R 5RO B IR
Fig.10  Failure modes of S460 tensile specimens after fire
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Fig.12  Comparison of predicted elastic modulus residual factor
from Eqs.(1)—=(3) with test results
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from Eq.(4) with test results
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from Eqgs.(7) and (8) with test results
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