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Table 1 Mechanical properties of steel tested

oy 0s E 4 ¥
Code \Pa MPa MPa % % "

461 138 178000 67.6 804 045
B 465 140 190000 672 777 042
501 168 234000 730 826 039
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Fig. 1 Effect of grain size on crack
propagation rate
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Table 2 Dimensionless criterion of crack starting propagation
Os AKtn dli AK Mean Mean
th .
Code (av.) n m(T 1) dimensionless LV
1 20, d? error
MPa MN-.m-3/2 m? criterion %
A 138 501 0.0135 0.45 0.6060 1.05
140 470 0.0120 0.42 0.5888 0.5997 —-181
C 168 3.44 0.0066 0.39 0.6043 0.76
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Table 3 Plastic zone size of crack tip
along lines of X and Y at
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EFFECT OF GRAIN SiZE ON SLOW FATIGUE CRACK
PROPAGATION AND PLASTIC DEFORMATION
ZONE OF CRACK TIP

by DENG Rongying; YU Guiging, LI He (Institute of Mechanics,
Academia Sinica, Beijing)
(Manuscript received 19 November, 1984; revised manuscript

30 October, 1985)

ABSTRACT

Fatigue crack propagation threshold and slow propagation near it were stud-
ied at the constant amplitude of the cyclic load ratio, R=0.5 for three-point
bend specimen of the austenite stainless steel. The effect of grain size on the
plastic deformation of crack tip at the threshold and at slow propagation near
it were investigated using the relief method. The results show that the threshold
value of crack propagation increases linearly with the square root of grain size
and the rate was slower for larger grain sized material. The proportionality fac-
tors of plastic deformation zone size of crack tip and (K_,./0,)? for various
grain size are different at the threshold. The larger the grain size, the larger is
the proportionality factor. At the same time, the distinction of the plastic defor-
mation development is the uncontinuous and unsymmetric as da/dN is from
2x 1078—10""mm/cyc. A dimensionless criterion of crack starting propagation,
n(AK,,/20,d"?) which is constant for various grain size was obtained after the
results of the test were put in order. Its physical significance is that fatigue crack
starts to propagate when the square root of the ratio of the cyclic plastic zone
size and grain size equals 0.6. The metallographic and SEM observations show
that the crack propagation near the threshold of austenite stainless steel proceeds
on the transgranular shear mode cyclic cleavage and plasticity tear.
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Fig. 2 Crack tip plastic deformation at threshold
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Fig. 3 Plastic deformation of crack surface both sides
as da/dN<10-"mm/cyc
(a) under ordinary microscope; (b) under phase contrast microscope
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Fig. 4 Cross slip line (a) and slip line through twin (b) near
} crack tip AK=14.IMN.m-¥t
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Fig. 5 Crack propagation through twin
(a) metallograph,
(b) {racture surface topograph
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Fig. 6 Slow propagation rate fracture topographic feature,
cyclic cleavage and plasticity tear
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