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ABSTRACT: In the actual service environment, the low alloy and high strength structural steel will be affected by the
cyclic alternating load and corrosion damage caused by the corrosive medium, so that the service time of structural steel
will be significantly shortened. The work aims to study the fatigue strength and fracture mechanism of ASTM A572 Gr65
low alloy high strength structural steel under different environments. According to the standard, ASTM A572 Gr65
structural steel was made into standard samples with a length of 52 mm. Rotary bending fatigue tests were carried out on
QBWP-6000 rotary bending fatigue test machine under the environment of laboratory, deionized water and 3.5% NaCl
solution, and the loading frequency was 100 Hz. The fixed stress ratio of the rotary bending fatigue testing machine was

R=—1. When the sample failure or loading times reached 10" times, the test was stopped and the fatigue test value was
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recorded. In origin software, the experimental values under different strength were fitted to obtain the fatigue strength
under this environment, and the fatigue strength of structural steel under different environments was compared. The
sample was cut with wire cutting and the cross section was polished, and corroded with 4% nitrate alcohol solution. The
microstructure of the fracture was observed by metallography microscope (CX40M) and scanning electron microscope
(ZEISS Gemini 300). The energy spectrum of each corrosion fatigue fracture was collected by energy spectrometer, and
the components were analyzed. Then, the changes of microhardness values near the fracture were measured by
microhardness tester (ZHVST-1000C) to explore the fatigue failure mechanism under different environments.

The fatigue strength of ASTM A572 Gr65 steel in the laboratory environment was 380 MPa, but the fatigue strength under
deionized water and NaCl solution was 280 MPa and 80 MPa, which decreased by 26.3% and 78.9%, respectively. After fatigue
failure, the grain of the sample near the fracture was obviously refined and some of the grains were elongated, while the
microstructure of the base material far away from the fracture was uniform. The microhardness value near the fracture increased
by about 10.4HV0.5 due to dislocation movement. With the increase of distance, the hardness value gradually tended to be the
hardness value of the base material, and the change distance was about 6 mm. After the addition of deionized water and NaCl
solution, a galvanic cell was formed on the surface of structural steel in fatigue test. The area with high stress is the anode, and
the place with low stress is the galvanic cell cathode, which accelerated the formation of corrosion pits. Due to the loss of
electrons, the anode of the galvanic cell generated Fe*', which is oxidized into Fe** and initial oxide FeOOH with the dissolved
oxygen in the air at the cathode, and most of them exist in the depression. In the case of NaCl solution corrosion, the main
composition of the precipitate is B-FeOOH formed by hydrolysis of Fe*". Compared with that under the laboratory environment,
the fatigue fracture surface partition is not obvious, there are oxidation corrosion products and secondary cracks on the fracture
surface, and the transient fault zone is transferred to the middle position of the specimen fracture, indicating that the crack
propagation is carried out from all directions simultaneously. After addition of medium, corrosion pits are formed on the surface
of structural steel due to electrochemical action and stress concentration leads to many microcracks under the action of
continuous rotating load. In the laboratory environment, the single crack source will be transformed into multiple crack sources.
In addition, the hydrogen embrittlement at the crack tip will accelerate the formation of fatigue cracks and damage fracture.
KEY WORDS: ASTM A572 Gr65 low alloy structural steel; rotary bending fatigue; oxidation and corrosion; deionized water;
NaCl solution; fatigue strength
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Tab.1 Chemical composition of ASTM A572 Gr65 steel

Element C Si Mn P

Nb Als Alt Ca Ti Ceq

Mass fraction/% 0.06 0.02 1.52 0.015

0.001 0.025 0.033 0.033

0.0001 0.027 0.31

% 2 ASTM A572 Gré5 i) /114 &E
Tab.2 Mechanical properties of ASTM A572 Gr65 steel

Yield strength/ Tensile strength/  Poisson's Eloneation
MPa MPa ratio &
=450 =550 0.3 =40

>
52
Unit: mm
E3 I B W ) N =4 |

Fig.1 Diagram of specimen size
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Fig.2 Corrosion bending fatigue test device:
a) diagram of the test device; b) physical drawing
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Fig.3 Microstructures at different positions at 400 MPa: a) diagram of test position;
b) away from the fracture; c) near the fracture
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Fig.4 Change of hardness value from axial specimen fracture to base metal at 400 MPa:
a) microhardness change; b) hardness test
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Fig.6 Fatigue fracture morphology at 440 MPa in laboratory environment: a) fracture morphology;
b) crack source; c) crack propagation zone; d) final fracture zone; e) slip band
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Fig.7 Fatigue fracture morphology at 380 MPa in deionized water: a) macro fracture morphology;
b)-d) oxidation of pit; e) secondary crack; f) crack propagation zone; g) final fracture zone
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Fig.8 Fatigue fracture morphology under NaCl solution corrosion at 300 MPa: a) fracture morphology;
b) crack source; c) crack propagation zone; d) final fracture zone; e) slip band
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