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Fracture Mechanics Study on Thermal-Mechanical Fatigue Crack
Propagation

Masakazu Okazaxi, Takashi Koizumr

Rate of thermal-mechanical fatigue crack propagation was investigated under the condition of
in-phase thermal-mechanical strain cycle, Experimental rates of crack propagation were cor-
related with the cyclic J-integral, 47, which was estimated from the analytical equation derived
by Shih and Hutchinson. The effect of tensile strain rates on thermal-mechanical fatigue crack
propagation was discussed in the light of electron fractography. Further, the thermal-mechanical
fatigue life was predicted by integrating the equation of crack propagation and it was compared
with the experimental fatigue life obtained by the smooth specimen.

The conclusions obtained are as follows;

(1) Rate of thermal-mechanical fatigue crack propagation can be expressed by the following
equation,

dljdn=C[4J)»
where C and m are material constants.

{2) The part-through crack propagates keeping its aspect ratio constant at 0,36. Its aspect
ratio is approximately consistent with the one in which the part-through crack has a uniformly
distributed elastic stress intensity factor along its entire front,

(3) The ruptured surface is changing from the intergranular fracture to the transgranular
fracture as crack growth. Striations are formed on the transgranular fracture surface and their
spacings are consistent with the rate of crack propagation.

(4) Voids are formed at the grain boundaries in the specimen with increasing tensile strain
time,

(5) Thermal-mechaical fatigue lives can be predicted approximately by integrating the equation

of crack propagation.
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Tablel Chemical compneitions and heat treatment,

Chemical compositions (wt.%)
C |Si (Mn| P S |Cr [Mo | Ni [Cu Al
016 1044 [ 069 (0012 | COT 1123 |103 |O11 | Q05 |0003

Heat treatment
1050°C%15 hr. W.C---720Cx15hr. F.C.

Fig.1 Micrograph of parent matal.
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