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Subcritical Crack Growth Under Intermittent
Overloading in Cold - Rolled Steel
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The effect of single or intermittent peak tensile overloads on

fatigue crack growth life is extremely complex. To further clarify

this behavior, cyclic strain softening cold-rolled SAE 1020 steel was
subjected to various tensile overload patterns as indicated schemat-
ically to the right in Figures 1 and 2. Compact tension fatigue speci-
mens 1/4 x 4 x 3.94 in. were cut from 1/h in. rolled strip. Loads

were applied in the direction of rolling. A chevron starter notch was

used to initiate a precrack and all crack growth monitoring was begun

with a crack length, a, of 1.0 in. Side grooves 0.0125 in. deep with

a 1/16 in. radius were milled on both sides of the specimens to con-

trol the plane of crack extension. The side grooves were polished to

facilitate crack monitoring at 36X. All tests were performed on a

MTS test system. Tests were run with R = Pmin/Pmaxz .06. Constant

steady-state loads, APS, applied at 15 Hz were 2.5, 3.0 and 3.5 kips

which resulted in a stress intensity y AK_, of 37, 4L4.5 and 52 ksivin

respectively for a = 1.05 in. Tensile overloads, APO, were 5 and 6

kips and were always first applied at a = 1.05 in. These overloads

resulted in an initial stress intensity, AKO, of 74 and 89 ksivin.
respectively. Fracture toughness, Kc' for the material was 95 ksivin

The number of cycles between overloads, AN, was 2, 5, 10 and 20

thousand cycles. Fatigue fracture surfaces were flat and therefore

in plane strain. Most intermittent overloaded specimens fractured

during an overload and macroscopic crack extension was rarely ob-

served during an overload except at fracture. The maximum stress in-
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€nsity at fracture was usually greater than 130 ksi/7n
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single overioads, delayed retardation varied from 0 to 36% of the
overload plastic zone size. The number of applied cycles during this
delayed retardation was always less than 7,000 cycles. Larger values
of ay, and ANdr occurred at higher values of APO and lower values

of A PS. With APS = 3.5, no macroscopic delayed retardation was ob-

served. It is difficult to quantitatively compare ay, and Zry for in-

termittent overloads because of interaction effects of prior over-

loads.

Figures 5-7 represent micro and macro crack extension following

overload as shown by the two dashed vertical lines in Fig. 3 for APs

= 3, APO =6 and AN = 20,000. Fig. 5 shows the micro crack exten-

sion for this overload at 60X magnification and Fig. 6 gives the

macro and micro crack growth rates following overload. Micro rates

were obtained by analyzing the fracture surface with a scanning elec~-

tron microscope (SEM) at 12,500X. SEM fractographs of data points, A,

B and C in Fig. 6 are shown in Fig. 7. It is evident that delayed re-

tardation has occurred both macroscopically and microscopically.
Shown in Fig. 1 and Table | are measurements labeled aag and

AN g which represent crack extension and applied cycles respectively

following a single overload when the crack growth rate again begins

to increase. These values in general increased with larger A Po or

smaller AP_. a__varied from .04-.06 in. or 36-67% of 2r and AN
s ag y ag

varied from 3,000 to 40,000 cycles. Values of ANag agree quite well
with values of AN which resulted in maximum fatigue life under inter-

mittent overloading as shown in Fig. 4. 1t is hypothesized that max-

imum fatigue life under intermittent overloading for a fixed APO,

should occur when AN = ANag If AN is either less than or greater

than A Na maximum crack growth life should not occur.
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