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Abstract: Given the random sea conditions and complex loads often encountered by offshore platforms, the fatigue
crack growth behavior of EH36 steel used in these platforms was tested under variable amplitude fatigue loads. This
study aimed to investigate the behavior and mechanisms of fatigue crack growth in EH36 steel under variable ampli-
tude fatigue loads. The flexibility method was used to measure the crack growth rate under variable amplitude fatigue
loads. Digital image correlation (DIC) was used to analyze changes in the plastic zone size at the crack tip before and
after applying variable amplitude fatigue loads. Scanning electron microscopy (SEM) was used to examine the fracture
morphology characteristics under different variable amplitude fatigue load forms. These analyses helped explain the
crack growth behaviors and intrinsic mechanisms under variable amplitude fatigue loads. The results indicate that a
single tensile overload reduces the fatigue crack growth rate and prolongs fatigue life. Conversely, a single compres-
sive overload transiently accelerates the fatigue crack growth rate with minimal effect on fatigue life. Different se-
quences of tensile and compressive overloads mimic the effects of a single tensile overload, reducing the fatigue
crack growth rate and prolonging fatigue life. However, the successive order of tensile and compressive overloads

significantly affects the hysteresis effect on crack growth. The analysis results show that tensile overload increases the
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plastic zone at the crack tip, blunting it and reducing the fatigue crack growth rate. The compressive overload process

reduces the plastic zone at the crack tip, sharpening it and accelerating the fatigue crack growth rate. Different se-

quences of tensile and compressive overloads combine these effects. These findings effectively describe crack growth

behavior under variable amplitude fatigue loads and provide an explanation of the underlying mechanisms. This re-

search offers a theoretical basis and practical insights into managing fatigue damage in offshore platforms operating

under complex loading environments.

Keywords: fatigue crack growth rate; variable amplitude fatigue load; digital image correlation (DIC) ; plastic

zone; fracture analysis
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Fig.1 Schematic diagram of specimen dimensions and load waveforms
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Tab.2 Test parameters of fatigue crack growth
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Fig.2 Fatigue crack growth rate curves and a-N curves
under a single tensile overload
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Tab.3 Characteristic parameters of fatigue crack growth
under a single tensile overload
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Fig.3 Fatigue crack growth rate curves and a-NV curves
under a single compressive overload
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Tab.4 Characteristic parameters of fatigue crack growth
under a single compressive overload
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Fig.4 Fatigue crack growth rate curves and a-N curves
under different sequential overloads
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Tab.5 Characteristic parameters of fatigue crack growth under different sequential overloads

S R Praxo/kKN | Prinun/kN (da/dN) per/ (mm/JH 1K) (da/dN) winor/ (mm/JHK) Suway | Not/JAIK | an/mm
CAL-1 0.1 1.52x 10" 44159
OL-3 0.1 17.5 1.48x 107 1.30x 107 0.09 73 907 2.64
OL-UL-1 0.1 17.5 -7.5 1.22x10™ 2.91x10° 0.23 64 492 2.34
UL-OL-1 | 0.1 17.5 -75 1.26x 10™ 1.38x 107 0.11 74 388 2.70
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