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Introduction

Corrosion fatigue process is complex and partially understood to date. Understanding the influence of 

microstructure on fatigue mechanism is fundamental because it supports: realistic fatigue modelling, selection of 

steel for structural application, fatigue life prediction of structures and design of fatigue resistant materials. 

Aims and objectives

This research investigates the influence of microstructure on the fatigue crack growth rate (FCGR) in modern S355 

steel subgrades and the fatigue damage mechanism in air and seawater (SW).

Future work
Determination of most damaging fatigue waveform in

structural steel and the role of the material microstructure.

Results and discussion
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Fig. 4: FCGR in S355J2+N, S355G8+M & S355G10+M steels in SW

DSM with SC and some 

cleavage in S355J2+N in SW 

(S355J2+N is normalised-rolled, NR; S355G8+M & S355G10+M are thermo-mechanical control processed, TMCP; SW is seawater) 

DSM with SC and no cleavage 

in S355G10+M in SW 

TMCP

S355J2+N SW

Conclusions
The material microstructure influenced the FCGR by crack

path diversion, branching and formation of metal crumbs

in-between branched and re-joined crack fronts. The path

of least resistance is proeutectoid ferrite/pearlite colony

interfaces and ferrite/ferrite grain boundaries, both in air

and SW. The mechanism of fatigue crack growth is

generally by ductile striation.

Fig. 3: FCGR in S355J2+N, S355G8+M & S355G10+M steels in air
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Fig. 1: Tests set-up: (a) Fatigue test system, (b) crack length measurement, (c) strain gauge bonding to sample, (d) coating of strain gauge, (e) microstrain reading, (f) corrosion fatigue test chamber,

(g) checking validity of crack growth in SW, (h-l) no tunnelling or sides difference in fractured samples

Fig. 6: Fatigue crack path in NR and TMCP S355 steel subgrades in air

Fig. 7: Fatigue crack path in NR and TMCP S355 steel subgrades in SW

S355G8+M SW

Fig. 8: Phenomena found during fatigue crack growth in S355 TMCP steel

Fig. 5: Ductile striation 

mechanism (DSM) with 

secondary cracks (SC) 

and cleavage in S355 

steel 

Fig. 2: Scanning electron micrographs of S355J2+N, S355G8+M & S355G10+M steels

It is commonly reported that microstructure has little or no effect on the Paris region of the da/dN

vs. ΔK sigmoidal curve. In this study, using the experimental method described in Fig. 1, it is

found in the contrary that microstructure (as presented in Fig. 2) strongly affected the FCGR in

the Paris region both in air and seawater (SW) as shown in Fig. 3 and Fig 4. The dash line is an

imaginary line placed to show the possible line of separation in SW between NR and TMCP

ferrite-pearlite steels. Large crack path diversion, branching and formation of metal crumbs in-

between branched and re-joined crack fronts, as shown in Fig. 8, enabled S355 TMCP steel to

resist crack propagation. The most preferred crack paths are the proeutectoid ferrite/pearlite

colony interfaces and ferrite/ferrite grain boundaries as shown in Fig. 9. The angle the crack

front makes with the phases ahead of it tends to determine if it would propagate in transgranular

or intergranular mode. The mechanism of crack growth in the Paris region is by ductile

striations, but few cleavage failure mechanism was observed in S355J2N in SW.

Fig. 9: Fatigue crack path of least resistance in S355 steel
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DSM with SC in 

S355G10+M in air 

DSM with SC in 

S355J2+N  in air 


