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Mechanical Properties of Q460 High-Strength Steel with Holes under
High-Strain Cyclic Tensile Loading
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Infrastructure and Monitoring of Fujian Province, Huagiao University, Xiamen 361021, China)

Abstract: The mechanical properties of Q460 high-strength steel specimens were tested under both monotonic
and repeated tensile loading. The quantity of holes, the position of holes and the loading patterns were set as the
main factors to explore their influence on failure mode, ultimate tensile strength, stress cycling characteristic
and energy dissipation capability of specimens. Experimental results show that the opening holes have a signifi-
cant effect on mechanical properties of Q460 specimen. Specimens with holes present obvious stress concentra-
tion phenomenon around the holes. The energy dissipation capacity and elongation of unopened specimens are
much greater than those of specimens with holes. Compared with the holes along the long axis of specimen, the
holes along the short axis have a more significant effect on mechanical properties of Q460 steel. Furthermore,
with the same quantity of openings and opening positions, the strain amplitude of loading pattern has a greater
influence on mechanical properties of specimen, and the energy dissipating capacity decreases with the increase
of the strain amplitude.
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Table 1 Mechanical properties of steel

f/MPa  f/MPa A% C(180°) E./J

573 665.5 26.8 2 371
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Fig. 1 Dimension and opening diagram of specimens (size:mm)
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Fig.2 Diagram of loading patterns
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Fig.3 Typical failure modes of specimens under NM 1 loading pattern
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Table 2 Experimental results
Specimen l\ﬁ’;a I\ilfy;a & o ti;/es E/T  A/% || Specimen N?Iia l\f;a & ) ti;/es E/]  A/%
A-1 665.5 572.9 0.114 0.861 0 616.62 0.268 D-1 563.2 482.0 0.018 0.856 0 81.16 0.060
A-2 676.4 572.0 0.114 0.846 12  634.01 0.300 D-2 535.8 472.0 0.018 0.881 12 74.83 0.056
A-3 652.2 555.0 0.111 0.851 12  547.28 0.240 D-3 545.7 470.0 0.018 0.861 12 81.18 0.050
A4 677.0 578.4 0.113 0.854 12  602.83 0.240 D4 547.6 461.0 0.017 0.842 12 72.66 0.050
A-5 640.0 542.0 0.121 0.847 24  584.58 0.250 D-5 544.4 467.0 0.018 0.858 24 75.08 0.040
A-6 674.4 571.2 0.120 0.847 24 612.63 0.242 D-6 544.5 464.0 0.021 0.852 24 74.27 0.054
B-1 619.0 525.0 0.050 0.848 0 195.62 0.108 E-1 612.2 534.0 0.063 0.872 0 258.14 0.110
B2 566.7 480.0 0.050 0.847 12 179.14 0.090 E-2 592.6 504.0 0.074 0.850 12 245.51 0.120
B-3 600.8 521.0 0.054 0.867 12  192.57 0.080 E-3 603.4 515.0 0.060 0.853 12  240.50 0.120
B4 609.3 520.0 0.047 0.853 12  186.76 0.096 E-4 603.6 516.0 0.063 0.855 12  253.92 0.116
B-5 605.9 521.0 0.051 0.860 24  197.34 0.096 E-5 556.2 480.0 0.079 0.863 24  242.68 0.120
B-6 608.2 524.0 0.049 0.862 24 186.06 0.102 E-6 625.2 531.0 0.063 0.849 24  258.28 0.120
C-1 610.8 528.0 0.061 0.864 0 235.51 0.112 F-1 559.9 479.0 0.031 0.855 0 120.06 0.070
C-2 611.5 527.0 0.064 0.862 12  222.49 0.104 F-2 548.5 467.0 0.030 0.851 12  107.07 0.068
C-3 619.0 534.0 0.054 0.863 12  232.63 0.098 F-3 549.5 466.0 0.026 0.848 12  125.02 0.076
C+4 622.0 532.0 0.059 0.855 12  223.53 0.100 F-4 542.9 471.0 0.024 0.868 12 112.80 0.070
C-5 599.3 512.0 0.065 0.854 24  231.48 0.104 F-5 552.7 472.0 0.025 0.854 24 117.09 0.076
C-6 617.6 525.0 0.059 0.850 24 241.96 0.104 F-6 554.0 474.0 0.026 0.85 24 112.71 0.078
23 NA-MEHEDH ] B A AL B I g — R M AR EE A, BT
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Fig.4 Stress-strain curves of Q460 high strength steel specimens
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Fig. 5 Stress-time curves of specimens under NM2 loading pattern
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Fig.7 Comparison of stress-strain curves obtained by experiment and simulation



1298 FESE Y A S I 7 24

4

K, W R A e AR bR AT T Ay W 2R T LA

e - — — = I wes 0 oooommaamm

127778 © 33536 3.83333 SHE 6.388 89 7006067 8.994 44 10.2222 115 0 A d4d 888 3(891 33333 177778 222222 260067 31111 335336 4 0 224378 TS 673133 897311 1.121 89 134627 1.570 64 1793 “22.0194
AL/mm AL/mm AL/mm
(a) A-6 (b) B-6 (c) D-6

P8 ke AR BROTAE Y sl (R 22 T X L

Fig. 8 Comparison of deformation obtained by experiment and simulation
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