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A Study on Crack Retardation Behavior by Single Overload

S. H. Song and Y. K. Kwon

Key Words : Crack Retardation(:F< #]<3), Specimen Thickness(#] & 5-7]), Overload Ratio(=}
ti| 5} 3 4]), Plastic Zone Size(44193 7)), Compressive Residual Stress(s}& 5%
&), Crack Tip Branching(i<d~}#]), Crack Tip Branching Angle(i<d7}=]7}),
Finite Element Analysis(f-3+8 4 34]), Striation(A4X z}o}of o] A)

Abstract

Single overload tests performed to examine the crack retardation behavior for the specimen
thickness and overload ratios. Delayed crack length was tend to increase in small thickness and
big overload ratio but was difference between delayed crack length and plastic zone size that
expected in specimen thickness. So retardation behavior that estimated in plastic zone size, was
not sufficient. Crack tip branching and striation distribution, secondary mechanisms that effected
in retardation behavior, was examined by experiment and finite element analysis. Crack tip
branching was affected by micro structure, and appeared the more complicatedly according to

increasing damage by overload and decreasing crack driving force in base line stress level. And
crack tip branching effected in retardation toward decreasing crack driving force in base line
stress level. According to increasing the branching angle decreased crack driving force in the
crack tip. And a characteristic of the fractography on retardation zone was that striation
distribution did not appear due to decreased crack driving force.
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Table 1 Chemical composition(wt%) of the test-
ing material

Composition
Material
C Si Mn P S
5541 0.16 | 0.18 | 0.66 [ 0.029 { 0.042

Table 2 Mechanical properties of the testing

material
Yield | Tensile . Eeduction of Mean—
Elongation

strength | strength %) area hardness

(MPa) | (MPa) ? (%) (Hy)

280 432 36.97 55.05 162.44
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a=2mm
a/W=10.5
L/W=4.75
d/W=3
1/a=10.04
P=10kg
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(b) Finite element model(4§=45°)

(¢} Detail of the crack tip

Fig. 4 Finite element analysis model
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Table 3 Result of overload tests

AR A F B AT

aimm)| Type | Ro. | Nalcycle)|agimm)|ry(mm)
15 | 3.6x10° | 0.5 0.032
Solid
2.0 | 46x10° | 0.6 0.057
0.3
15 | 23x10° | 0.42 0.048
Hollow
2.0 | 3.6x10° | 0.54 0.086
15 | 26%x10°| 058 | 0.16
Solid
2.0 | 45x10° | 0.97 0.43
1.5
15 | 9.0x10* { 0.8 0.48
Hollow
2.0 | 9.0x10* | 1.22 0.86

a: Crack length

Ro. : Overload ratio

N4 : Delayed load cycle

ag : Total delayed crack length
ry : Plastic zone size at overload
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Fig. 5 Relation between crack propagation rate and
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Fig. 6 Relation between crack propagation rate and
crack length at Ry =1.5, a,=1.5mm
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(c) Steady state zone after retardation

Fig. 15 Fractography of the retardation process
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