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Comparison of Mechanical Properties of Q355, Q460 and Q690 Steel at the
Cooling Stage of Fire
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Abstract: Based on the experimental results, the fracture morphology and mechanical properties of Q355, Q460,
and Q690 steels during the cooling stage were analyzed and compared. The results show that when the peak heating
temperature is below 700 °C, the reduction factors of Young’s modulus for Q460 and Q690 steel at the cooling stage
are similar. The differences in reduction factor of yield strength f;, among the three kinds of steels are large, while
they are small in that of yield strength f,, and ultimate strength. At peak heating temperatures of 800 “C or 900 C,
the differences in the reduction factors for Young’s modulus and yield strength among Q355, Q460, and Q690 steels
at the cooling stage are more pronounced, while the differences in ultimate strength reduction factors are smaller.
The high temperature mechanical properties of steel recommended by the existing specification are compared with
the mechanical properties of the three kinds of steel at the cooling stage. The results also show that the reduction
factors proposed in the existing specifications cannot predict the mechanical properties of steel at the cooling stage
well.
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Table 1 Chemical compositions(by mass) of Q355, Q460 and Q690 steel plates

Unit: %
Steel plate C Si Mn P S Cr Al Mo Ti Cu Nb Ni \%
Q355 0.170 0.280 1.320 0.014 0. 006 0.040 0.034 0.014 0.002 0.080  0.018 0.030 0.002
Q460 0.180 0.260 1.350 0.013 0.002 0.050 0.040 0.080 0.002  0.080  0.025 0.015 0.002
Q690 0.160 0.280 1.320 0.016 0.003 0.040 0.030 0.010 0.005 0.010  0.023 0.037 0.002
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Fig. 1

Comparison of elastic modulus reduction factors for Q355, Q460, and Q690 steel at the cooling stage
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Fig. 3 Comparison of reduction factors of £, , for Q355, Q460, and Q690 steel at the cooling stage
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