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Fatigue Crack Growth under Mixed Mode Loading in Wheel and Rail Steel
Makoto AkaMAa and Ippei SUSUKI

Synopsis

: Fatigue crack growth under mixed mode loading is an important problem in railway fields. Therefore, a method was developed and prepared

to observe the fatigue crack propagation under mixed loading of tensile and in-plane shear modes by an in-plane biaxial fatigue machine.

In the experiments, sequential and overlapping mode I and mode I cycles were applied to the crack in the cruciform specimen made of

wheel or rail steel. Growth rate laws for wheel and rail steel were obtained by means of least square regression analysis in terms of both the

effective stress intensity factor ranges. The fracture surfaces near the crack tip region of tested specimens were observed by SEM and dis-

cussed to relate the superiority of pearlite structure over tempered martensite structure in detail.

Key words : mixed mode loading; fractography; effective stress intensity factor; rail steel; wheel steel.
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Fig. 1. Schematic view of biaxial testing machine.

Fig. 2. Shape of cruciform specimen.
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Fig. 3. Arrangement of specimen, tensile and compressive
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Fig. 5. Applied sequential loading cycle of X and Y axes. (The vertical axis represents the relative value of X and Y axis load with

the maximum X axis load taken as unity.)
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Table 3. Testing conditions.

Exp. No. AKllnom/ A Klnom Degree of overlap (Degree)
WT1 1.0 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 120
WT2 1.0 30, 60, 90, 120
WT3 1.25 10, 20, 30, 40, 50, 60, 70, 80, 90, 120
WT4 1.0,1.375,15,19, 20 10, 30, 60
RP1 1.0 0, 10, 20, 30, 40, 50, 60, 70, 80, 90
RP2 1.5 0, 10, 20, 30, 40, 50, 60, 70, 80, 90
RP3 1.0 30, 60, 90, 120, 150
RP4 1.5 30, 60, 90, 120
RP5 2.0 0
RP6 25 0
RP7 16,1.7,18, 20 10, 30, 60
RF1 1.0, 1.375, 1.5 30
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Fig. 6. Crack closure ratio and crack locking ratio at different degrees of overlap.
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Fig. 10. Branch crack growth rate data.
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Fig. 11. Fracture surface near the crack tip of WT3 speci-
men. (a) Low magnification. (Arrow indicates the
direction of crack propagation.) (b) High magnifi-
cation.

Fig. 12. Fracture surface near the crack tip of RP2 speci-

men. (a) Low magnification. (Arrow indicates the
direction of crack propagation.) (b) High magnifi-
cation.
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Fig. 13. Fracture surface near the crack tip of RF1 speci-
men. (a) Low magnification. (Arrow indicates the
direction of crack propagation.) (b) High magnifi-
cation.
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ThHEIRNED, EUREBIIHT 28R E 55708
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