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Fig. 1 Stress-strain curves of test material
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Tab.1 Test results(1Hz)

BiAEWE/ %0 HERIEERE/ Y0 BRI/ 2 N TR/ MPa 2Ny BRI NN/ V0 2 N fE

1.08 0.18 0.90 379 1750 0. 50 2.37
3.09 0.22 2.88 449 362 1. 50 9.27
5.08 0.23 4. 85 470 100 2.49 16.58
6.95 0.24 6.71 498 60 3.42 24.58
8. 89 0.24 8. 64 503 48 4. 38 32.24
10. 51 0. 24 10. 27 507 30 5. 20 39.00
11. 81 0.24 11.57 503 18 5. 85 43.55
13. 74 0.25 13.49 513 16 6. 81 51. 87
15.21 0. 24 14. 97 507 12 7.55 57.34

%2 WELEHR(3H
Tab. 2 Test results(3Hz)

BEARWE/ 70 FRVERIAREE/ 20 BIPERIAENR/ 06 I/ MPa 2Ny VeI AR/ 0 A iR R

1. 00 0.17 0. 83 359 1960 0. 50 2.25
2.93 0.21 2.72 430 412 1. 46 8. 55
4.76 0.22 4.54 457 144 2.38 15.28
6.39 0.23 6. 15 485 76 3.19 21.99
8. 24 0.23 8.01 480 48 4.12 28. 56
8. 87 0.23 8.63 487 36 4. 43 30.62
12. 48 0. 25 12. 24 515 22 6. 24 47.21
14. 90 0.24 14. 66 503 18 7.45 52.83

2 3 Coffin-Manson Hfy — W 2F X &

Tab. 3 Strain-life relationship according to Coffin-Manson model
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3Hz ELCF #¥ € =0.658(2N,) % —0.993
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Fig. 2 Strain-life lifetime curve of the extremely low cycle fatigue and low cycle fatigue on Q235 steel
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Tab. 4 Failure time-strain rate relationship of test material
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Fig. 3 Failure time-train rate relationship curve of Q234 steel
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Fig.5 Fatigue fracture morphology of test material(e,=10.5% ,N,=15, f=1Hz)
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Fig. 6 Fatigue fracture morphology of test material(e,=14. 9%, N;=9, [=3Hz)
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On the effect of seismic frequency on extremely
low cycle fatigue behaviors of Q235 steel structure material

LUO Yun-rong'?, WANG Qing-yuan®’, FU Lei'"*,

ZHANG Ying-gian"*, TAO Jing', XIE Wen-ling'
(1. College of Mechanical Engineering, Sichuan University of Science & Engineering, Zigong 643000, China; 2. Department of Civil
Engineering & Mechanics, Sichuan University, Chengdu 610065, China; 3. Key Lab in Sichuan Colleges on Industry Process Equipments
and Control Engineering, Zigong 643000, China)

Abstract: In this paper, the effect of two kinds of seismic limit frequencies on the extremely low cycle
fatigue (ELCF) performance of Q235 steel structural material are investigated. ELCF experiment for
the tested steel was carried out on Shimadzu electro-hydraulic servo fatigue testing machine by using
the transverse strain control method and keeping the frequency of 1 Hz and 3 Hz, respectively. It is
found that the response characteristics of cyclic stress, the cyclic stress-strain relationship and fatigue
life are all related to frequency, and secondary cyclic hardening of tested material occurs at higher
frequencies. Based on plastic strain amplitude and strain rate, the fatigue life prediction formulas of
tested steel were established respectively, under both frequency condition. The two life prediction
formulas are in good agreement with the experimental results. Finally, by using scanning electron
microscope (SEM), the microscopic fracture mechanism of tested steel under extremely low cycle
fatigue at different frequencies was compared and analyzed.

Keywords: steel structure materials; extremely low cycle fatigue (ELCF); Frequency effect; life pre-

diction



