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Abstract By the means of tension fatigue test at stress ratio R =0. 1, it was found that the fatigue strength of HRB500
high-strength rebar for 107 cycles was 587.5 MPa, which was much higher than that of the common carbon structural steel. The
curve function log(N;) =7.092 —1.144 7lg(o .. —586.3) was also obtained by nonlinear regression with the method of three
parameters power function. The study also found that the diameter size of rebar hardly impacted fatigue strength. Fatigue strength
was mainly related to material composition, microstructure and inclusion. Furthermore, the fatigue fracture surfaces of the
specimen were analyzed by using SEM and EDS. HRB500 rebars were all damaged by crack initiation from surface substrate
which was associated with brittle inclusions in steel; Fatigue crack radially extended in the matrix and revealed the obvious
layered structure, which was mainly based on quasi-cleavage; Transient breaking area exhibited ductile fracture mechanism and
appeared a large number of dimples, mainly due to many inclusions contained in steel, which caused microporous gathered
fracture.
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Tab.1 Chemical composition ( %) and mechanical properties of HRB500 steel bar

R . it e i LA Tensile T
Specimen ¢ Vin S S P v N T(0) Yield strength strength/MPa Elongation
1 0.22 1.55 0.64 0.021 0.021 0.115 0.015 0.01 568 732 21.43%
2 0.23 1.45 0. 65 0.025 0. 027 0. 103 0.013 0.015 550 710 23.75%
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Fig. 1 The figure of fatigue specimen
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Tab.2 Fatigue test results
BAEHS 9% 55 FF i T
Sample number 7 max/ MPa Fatigue life N; Remark

1-1 600 3.71 x10° KA Failure
12 575 >1.0 x 107 JH T Pass
13 600 7.18 x10° 5% Failure
14 575 >1.0x 107 JE T Pass
15 600 1.09 x 10° 3% Failure
1-6 575 >1.0 x 107 JE AT Pass
17 660 3.8 x10*
1-8 660 9.6 x10*
19 660 9.8 x10*
1-10 720 3.1 x10*
1-11 720 5.8 x10*
1-12 720 8.8 x10*
2-1 575 >1.0x107
22 575 >1.0 x 107
23 600 2.03 x10°
24 600 5.14 x10°
2-5 660 8.4 x 10*
26 660 6.3 x 10*
27 720 7.5 x10*
2-8 720 4.2 x10*
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Fig.2  Lifting figure of fatigue test
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Tab.3 The average logarithmic fatigue life under different stress level
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Tab.4 The Vickers hardness of HRB500 steel bar (HV)
L "
i 1 2 3 4 5 6 7 8 9 10 IiE
Specimen Average
1 277.2 298.5 265.7 260. 3 254.6 286. 1 250.6 264.8 254.7 284.8 269.73
2 268.3 254. 8 253.6 247.5 270.9 286.7 255.8 249. 6 263.2 262. 4 261.28
s 780, O PRS2 MnO F1 Si0, , I & A A ) AL O, Hl CaO
760 ] }ﬂ A MiZR Fitting curve _ . s N .
70\ - SR Tt i ti5 H T RERAR 2 JR IR T H05RRER ED 55 2541 |
© g .
£ o) fh A2 R ERRER AN I B AR T MR ) | T LA ik 1 o B4R
E 660 i) HRB500 #X75f H B & A K et ik R Eh 2 e 244
E 6407 1g(N)=PNQ92 0-1.1447log(q, _ -586.3)
% 6201 )
= 6001 001:587‘5 MPa
R 580
ﬂ 560- T T T 1
& 10* 10° 10° 107 10%

T Ffr Fatigue life N,

I3 REE5 S-N ik
Fig.3 The S-N curve of stress fatigue
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Fig.4 The microstructure of HRB500 steel bar

(a for number 1, b for number 2)
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Fig.5 MnO-Si0,-Al,0, + CaO ternary phase diagram of silicate
inclusions ((a) for number 1, (b) for number 2)
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Fig.7 Inclusions morphology of fatigue source area
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Fig.8 The morphology of crack propagation
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Fig.9 The morphology of transient fault
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