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Abstract: Is there any difference or what difference is in

NIU  Lichao',

fatigue life between high-cycle fatigue tests of steel
structures at the loading with low, medium, and high
frequencies has always been a question for experimenters
to find an answer to. Comparative analysis of fatigue test
data (including tests conducted by the authors of the
present paper and other scholars) was performed for

structural steel as well as weldment at loadings between
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low frequency (below 30Hz) and medium-high frequency
(around 100Hz). The effects of low and medium-high
frequency loadings on fatigue life was investigated. The
fatigue tests dealt with high strength steel Q460 and its
butt-welded joints, as well as butt-welded joints of normal
strength steel Q345.

substantial difference in fatigue life between low and

It was found that there was

medium-high frequency loadings. The former had a longer
fatigue life or higher fatigue strength than the latter,
whether it was steel or butt-welded joints. The mechanism
for this phenomenon was also explained. It is suggested
that for engineering steel structures subjected to low
frequency fatigue loadings, fatigue tests should be
conducted using low frequency fatigue testing machine. It
may significantly underestimate fatigue life if a fatigue
testing machine with a frequency higher than low

frequency is used.
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Tab.1 Test data of mechanical performance of
Q460C
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Fig. 1 Test specimen of Q460C steel at low and

medium-high frequency fatigue loadings

(unit: mm)
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Tab. 2 Fatigue test results of Q460C steel at low
frequency loading

IFES 5 Ac/MPa f/Hz N/
Q460C—1 396.0 15 48.50
Q460C—2 387.0 15 42.04
Q460C—3 378.0 15 39.87
Q460C—4 369.0 16 69. 20
Q460C—5 365. 4 16 53.60
Q460C—6 362.7 16 78.50
Q460C—7 361.8 15 52.09
Q460C—8 360.9 16 165. 10
Q460C—9 355.5 15 73.30
Q460C—10 352.8 15 64.10
Q460C—11 342.0 15 75. 60
Q460C—12 333.0 15 84. 30
Q460C—13 331.2 15 62.86
Q460C—14 328.5 15 129. 00
Q460C—15 324.0 15 141. 20
Q460C—16 319.5 15 78. 20
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Tab. 3 Fatigue test results of Q460C steel at high

frequency loading

K w5 IR As/MPa  f/Hz  N/JIK
Q460C—1 396.0 100 10.6
Q460C—2 378.0 103 10.0
Q460C—3 365. 4 113 18.9
Q460C—4 362.7 112 16.9
T Q460C—5 360. 9 104 20.0
FURITHL A Q460C—6 355.5 104 19.8
Q460C—7 333.0 103 22.2
Q460C—8 331.2 100 32.8
Q460C—9 328.5 102 27.2
Q460C—10 324.0 113 23.6
Q460C—11 355.5 93 20.1
Q460C—12 333.0 93 17.6
EE LB Q460C—13 331.2 93 30. 2
Q460C—14 328.5 93 22.2
Q460C—15 324.0 93 20.8
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Fig. 2 Comparison of S-N curves of Q460C steel at

low and medium-high frequency loadings
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Tab.4 Comparison of fatigue strength of low and

medium-high frequency loadings
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Tab.7 Test data of mechanical performance of
Q460D steel of Tsinghua University"”’

J,/MPa J./MPa JHR
465 560 0.83

#*8 FH Q460D MM hEIMEFH XL R
Tab. 8 Fatigue test results of Q460D steel at medi-

um-high frequency loading of Tsinghua Uni-
[9]

i/ IR Aoy /MPa Acy/MPa Aoy /Aoy
100 343 270 1.27
200 321 242 1.33
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Q460D 4, bR AR I LT )T 2 1. R 50
Q460D HIBA AR I IR H I , 35 6 T 104~ K L g o7
W SRR BRI (30H2) A A4 IS 3 1 98¢ 55 73 i X
SRS | AR S o 1 RN iR AR/ MRS

x5 PHZRIET Q460D HHEMIKEHE®
Tab.5 Test data of mechanical performance of
Q460D of Xi’an University of Technology'

/./MPa f./MPa JHi5iE e
505 592 0.85
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Tab. 6 Fatigue test results of Q460D steel at low

frequency loading of Xi’ an University of

Technology™

EESR Ao/MPa f/Hz N/JTIK
Q460D—1 363.5 30 43.94
Q460D—2 354. 4 30 43.13
Q460D—3 345. 3 30 124. 55
Q460D—4 340. 8 30 107. 22
Q460D—5 336. 4 30 38.32
Q460D—6 329.0 30 78.12
Q460D—7 319.9 30 75.42
Q460D—8 318.1 30 47. 64
Q460D—9 313.5 30 125. 86
Q460D—10 304. 5 30 72.95

T AR 1 9% 57 RE A AR TR B 14mm %) Q460D
B AR LA RS 2RI 1. 387 R H Q460D

versity

K As/MPa f/Hz N/JTIR
Q460D—1 331.1 102 8.95
Q460D—2 289.9 103 37.92
Q460D—3 289. 3 100 14.29
Q460D—4 282.9 102 48. 64
Q460D—5 270.0 102 27.12
Q460D—6 270.0 105 23.52
Q460D—7 266. 8 102 24.20
Q460D—8 266. 1 100 64. 66
Q460D—9 266.0 102 37.23
Q460D—10 265.8 101 6.44
Q460D—11 265. 8 101 17.97
Q460D—12 265. 8 100 71.09
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Fig. 3 Comparison of S-N curves of Q460D steel be-
tween Xi’ an University of Technology and

those of Tsinghua University
B4 Q460C M ITIE T AR IR B = 35 S5 i AF (B L
FR9 Q460D MM ERETRMSF LN TIMEZRELL am)

B Fig. 4 Fatigue test specimen of Q460C butt-welded

Tab. 9 Comparison of fatigue strength of Xi an Uni- joint at low and medium-high frequency

versity of Technology and that of Tsinghua (Unit: mm)
University
/IR Ao /MPa Aoy/MPa Aoy /Aoy
100 327 265 1.23 i 22 10 7] 0L, &% Q4A60C AW AR B Rk 5 a5, A%
200 318 299 1.23 N AR 9% 55 F5 AT TH 55 i s s n R 9% 55 F5 i A7
NS AR ER IR T T W‘%ﬂ”j’ S B R T/ FasEL i =
14.97 ZJd],

#10 Q460C3HET mIKIAS P EIEF IR ERXILL
Tab. 10 Comparison of fatigue test results of Q460C butt-welded joint at low and medium-high frequency

loadings
. g ’ W55 F A/ TR
I RE g = R AR S Ag/MPa TRED) (10011 S b e
Q460C—1 Q460C—1 288 200. 00 * 13.36 14.97
Q460C—2 Q460C—2 297 200. 00 * 43.97 4.55
Q460C—3 Q460C—3 306 33.28 11.93 2.79
Q460C—4 Q460C—4 315 112.00 77.79 1.44
T * R IEERHINE] 200 5 URATH AT 9 55 Wi 4 i 157 11
2.2 Q3453HEH EKSHE b S5 ik I X bt F11 Q345BXEW ARFEF KB ER
AT T M 5 B 11 Q3458 AR R A I Tab. 11 Fatigue test results of Q345B butt-weld
325 A AR 10mm  BARE LB AR AL bl Joint atlow frequency loading
A== y 7 e
4, IR R I TR AN Queoc SIS aoMPs L NI
MO S B EEAR A . T Q345 28 b & 5 #L Q345B—2 279 20 24.30
FUBE FOPPRL D R R B S TR W aE QS 2 2 49.56
e R . L Q345B—4 261 20 50. 21
Q345B FNAR T KT A A 57 1 g AL i 22 Q345B—5 257 20 84.78
iR I H2 AR A BR 2 A AR 5 O 5 UL MTS Q345B—6 252 20 34.04
Q345B—7 250 20 67.18

LandMark 370. 25 F#E47, PR 71, N2 %
20Hz, 3 11 Mk Ie 45 5
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Tab. 12 Fatigue test results of Q345qD butt-weld

joint at medium-high frequency loadings of

Chang’ an University"”

Einca Ao/MPa f/Hz N/Ti K
Q345qD—1 252 80~250 23.19
Q345qD—2 222 80~250 50. 00
Q345qD—3 222 80~250 36.75
Q345gD—4 222 80~250 133.66
Q345qD—5 192 80~250 66. 14
Q345qD—6 182 80~250 138.63
Q345qD—7 182 80~250 29.38
Q345qD—8 162 80~250 262. 80
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Fig. 5 Comparison of S-N curves of Q345 butt-
welded joint between the present paper and

those of Chang’an University
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Tab. 13 Comparison of fatigue strength of Q345
butt-welded joint between the present pa-

per and that of Chang’an University

Tt/ IR Ao /MPa Aocy/MPa Ao/ Doy
100 250 194 1.29
200 237 180 1.32
A\
4 Z5ip

18 AR A R LA B A SR A4 A 33t (30Hz LA
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