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Fatigue failure model of Q345 steel round bars

WANG Wanzhen
(School of Civil and Environmental Engineering, Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract; To study the fatigue failure model of steel round bars, the unstable propagation area, stable propagation
area, and stable propagation length of fatigue crack were calculated based on the fracture criterion from an elliptical
fracture model of steel and the true stress field at tip of fatigue crack in round bars. On the basis of the facts that
fatigue crack propagation accelerated with the numbers of cyclic loading during fatigue tests, it was assumed that the
stable propagation rate of fatigue crack and the numbers of cyclic loading of constructional steel round bars comply
with a monotonically increasing power function. In other words, the stable propagation rate of fatigue crack and the
numbers of cyclic loading of constructional steel round bars are monotonically increasing linear functions in double
logarithmic coordinate system. A function expression between the stable propagation length of fatigue crack and the
fatigue life of constructional steel round bars (i.e. , the fatigue failure model of steel round bars) was derived by
integrating the power function between the stable propagation rate of fatigue crack and the numbers of cyclic
loading. The proposed fatigue failure model of steel round bars shows that the fatigue life is a complex function of
nominal maximum stress, relative stress amplitude, and location and length of initial crack, which cannot be merely
simplified as a function of stress amplitude. Fatigue tests under constant amplitude cyclic stress were carried out on
Q3458 steel round bars . The fatigue test results show that the fatigue life of Q345B steel round bars decreased with
the increase of relative stress amplitude and nominal maximum stress. The fatigue model parameters were calibrated
and the model accuracy was verified, according to fatigue test results of Q345B steel round bars .

Keywords: constructional steel round bars; fatigue failure model; fatigue crack; stable propagation; unstable

propagation; fatigue life
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Tab.1 Test results of Q345B steel’ s mechanical properties
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Tab.2 Loading parameters of fatigue test

20 531 NGRS A/mm® T’ MPa

=

O nin/ MPa T in/ 1y Ao/MPa T in” T max

A
I SP1 177.30 314.78 0.90 -94.43 -0.270 409.21 -0.3 1.3
I SP2 177.54 297.30 0.85 -89.19 -0.255 386.49 -0.3 1.3
I SP3 177.30 279.81 0.80 -83.94 -0.240 363.75 -0.3 1.3
I SP4 178.37 262.32 0.75 -78.70 -0.225 341.02 -0.3 1.3
I SP5 177.42 244.83 0.70 -73.45 -0.210 318.28 -0.3 1.3
Il SP6 177. 66 297.30 0.85 -118.92 -0.340 416.22 -0.4 1.4
| SP7 176.95 279.81 0.80 -111.92 -0.320 391.73 -0.4 1.4
I SP8 177.30 262.32 0.75 -104.93 -0.300 367.25 -0.4 1.4
I SP9 177.30 244.83 0.70 -97.93 -0.280 342.76 -0.4 1.4
| SP10 177.42 227.34 0.65 -90.94 -0.260 318.28 -0.4 1.4
I SP11 177.30 279.81 0.80 -139.90 -0.400 419.71 -0.5 1.5
I SP12 175. 66 262.32 0.75 -131.16 -0.375 393.48 -0.5 1.5
I SP13 177.42 244.83 0.70 -122.42 -0.350 367.25 -0.5 1.5
I SP14 176.42 227.34 0.65 -113.67 -0.325 341.01 -0.5 1.5
I SP15 177.78 209. 86 0.60 -104.93 -0.300 314.79 -0.5 1.5
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Tab.3 Fatigue tests results and parameters calibration
R N/ N e/ A AL ey oos/  Ni/ ot/
’ ' n logé logg,, s '
i ViR/ e DR/ % mm? mm? mm 108 Tk %
SP1 21.13 9.22 -56.4 84.0 93.5 8.3 1.625 -7.695 -7.696 0.005 1.977 20. 44 -3.3
SpP2 21.28 11.59 -45.6 79.3 98.1 8.7 1.625 -7.695 -7.696 0.005 1.977 21.03 -1.2
SP3 22.29 14.76 -33.8 74.4 102.4 .1 1.625 -7.695 -7.696 0.005 1.977 21.62 -3.0
SP4 23.29  19.11 -17.9  69.9 107.4 .6 1.625 -7.695 -7.696 0.005 1.977 22.35 -4.1
SP5 23.48 25.19 7.3 65.7 112.7 10.1 1.625 -7.695 -7.696 0.005 1.977 23.08 -1.7
SP6 19.83 9.25 -53.4 79.1 97.9 8.7 1.622 -7.585 -7.601 0.007 2.449 19.07 -3.8
SP7 19.97 11.79 -41.0 74.7 102.9 9.1 1.622 -7.585 -7.601 0.007 2.449 19.65 -1.6
SP8 20.95 15.26 -27.2 70.2 107.7 9.6 1.622 -7.585 -7.601 0.007 2.449 20.31 -3.0
SP9 21.15 20.11 -4.9 65.5 112.4 10.1 1.622 -7.585 -7.601 0.007 2.449 20.94 -1.0
SP10 22.83 27.05 18.5 60.7 116.9 10.9 1.622 -7.585 -7.601 0.007 2.449 21.97 -3.8
SP11 18.98 9.53 -49.8 74.6 102.7 9.1 1.620 -7.536 -7.567 0.010 2.672 17.99 -5.2
SP12 19.24 12.34 -35.6 69.3 106.4 9.5 1.620 -7.536 -7.567 0.010 2.672 18.49 -3.9
SP13 19.51 16.26 -16.7 65.3 112.1 10.2 1.620 -7.536  -7.567 0.010 2.672 19.24 -1.4
SP14 20.52  21.86 6.6 60.4 116.3 10.9 1.620 -7.536  -7.567 0.010 2.672 20.05 -2.3
SP15 22.41 30.11 34.3  56.1 121.7 11.9 1.620 -7.536 -7.567 0.010 2.672 21.19 -5.5
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