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Abstract: In order to reveal the high temperature
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mechanical properties of very high strength steel (VHSS)
S960, tensile tests were conducted under both steady
state and transient state fire conditions. The elastic
modulus, yield strength, ultimate strength, stress-strain
curve as well as failure mode of S960 were obtained. The
test results were compared with current steel structure
codes, such as EC3, ASCE, AISC, AS 4100 and BS 5950,
to verify the applicability of standards for high strength
steel (HSS). For comparison, the available research
results in literature on S460, S690, Q460, Q550, Q690 and
Q890 were compared with the test results of S960.
Besides, the fitting formula of the mechanical properties
of the VHSS S960 under the action of high temperature of
fire was put forward, and its accuracy was verified. It is
shown that fire-resistance design of steel structures with
S960 is unsafe according to the current design standards,
and differences of mechanical properties of HSS exist in
different kinds of HSS. Moreover, the fitting formula for
the deterioration of S960 at high temperatures was

validated for practical engineering design.
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Fig.2 Shape and dimensions of test specimen (unit: mm)
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Fig.4 Stress-strain curves of S960 at different fire

high temperature in steady state test
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Fig.5 Stress-strain curves of S960 at different fire

high temperature in transient state
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efficients of S960 at high temperature of fire
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Tab.2 Failure temperatures of S960 at various stress levels under transient state fire condition

N 17K /MPa 100 200 300 400 500

700 750 800 850 900 950 1000

MR /C 800 700 690 665 613

594 584 580 545 540 430 402
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Tab.3 Elastic modulus and reduction coefficients of
S960 at high temperature of fire

TS AR A IR
W SRR/ Pk W SRR/ Pk
/°C MPa B /°C MPa £
20 213 586 1. 000 20 213586 1. 000
100 211 141 0.989 100 213764 1.001
200 185 292 0.868 200 184 325 0.863
300 172 992 0.810 300 173432 0.812
— — — 350 161 055 0. 754
400 154 812 0.725 400 150 819 0.706
— — — 450 149 254 0.699
500 115 089 0.539 500 126 152 0.591
550 106 959 0.501 550 108 696 0. 509
600 70 059 0.328 600 62 893 0.294
— — — 625 59 121 0.277
650 51096 0.239 650 48 900 0.229
700 36 084 0.169 700 21 601 0.101
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Tab.4 Yield strength reduction coefficients of S960 at high temperature of fire

TS KRS W 25 I 1K
TR /C N[44 SRR ST 11 e IR B Tk R 4 SR /C N TR) 44 SCREAR 26 AT F)JeR IR 3t 32 4l 272

0.2% 0.5% 1.5% 2.0% 0.2% 0.5% 1.5% 2.0%
20 1. 000 1. 000 1.000 1..000 20 1. 000 1. 000 1. 000 1..000
100 0. 947 0.899 0. 964 0.968 100 0.953 0.807 0.951 0. 945
200 0.904 0.714 0. 945 0. 956 200 0.925 0. 800 0.951 0.945
300 0. 859 0.673 0.923 0.936 300 0.863 0.732 0.949 0.943
— — — — — 350 0. 857 0.715 0. 946 0. 940
400 0.819 0.622 0.874 0.880 400 0.813 0.701 0.913 0.928
— — — — — 450 0. 806 0.697 0.874 0. 909
500 0.734 0.590 0.738 0.710 500 0.740 0.605 0.763 0.788
550 0.631 0.513 0.618 0. 589 550 0.679 0.576 0.718 0.721
600 0.472 0. 364 0.454 0.431 600 0.462 0.251 0.513 0. 569
650 0. 280 0.259 0.271 0.259 650 0. 345 0.263 0.391 0.401
700 0.138 0. 130 0.144 0.141 700 0.102 0.192 0. 206 0.210
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vs. temperatures (nominal strain is 0.2% )
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Fig.9 Yield strength reduction coefficients of S960
vs. temperatures (nominal strain is 0.5%)
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Fig.10 Yield strength reduction coefficients of S960

vs. temperatures (nominal strain is 1.5%)
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vs. temperatures (nominal strain is 2.0% )
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Tab.5 Ultimate strength and reduction coefficients

of S960 at high temperature of fire

RS JIGR I WA K IR B
WEE OWRREREE/ Pk W WRRSREE/ PP
/°C MPa £ /°C MPa A
20 1079 1. 000 20 1079 1. 000
100 1048 0.971 100 1000 0.927
200 1052 0.975 200 1000 0.927
300 1016 0.942 300 1000 0.927
— — — 350 1000 0.927
400 934 0.866 400 1000 0.927
— — — 450 950 0.880
500 786 0.728 500 800 0.741
550 670 0.621 550 700 0.649
600 494 0.458 600 500 0.463
650 296 0.274 650 300 0.278
700 153 0.142 700 200 0.185
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Fig.13 Comparison on elastic modulus reduction
coefficients of VHSS S960 with test results
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Fig.14 Comparison on yield strength reduction co-
efficients of VHSS S960 with test results
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Fig.17 Comparison on yield strength reduction co-

efficients of high strength steel
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