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Abstract

Microcracking of type 304 stainless steel at 593°C (1, 100°F) has been studied, in particular,
initiation, growth, and coalescence of fatigue and creep microcracks on smooth specimens and
small notch specimens via surface replicas and photomicrographs. Quantitative information,
such as, initiation period, growth, and coalescence behavior, statistical distributions of crack
length, density of cracks, distribution patterns and crack growth properties, were obtained.

From this study, the fracture process, fatigue life, and creep life prediction characterized by
the growth of surface microcracks have been analysed by a new approach unifying the conven-
tional approaches based on the final fracture of materials with the fracture mechanics approach.

Knowledge of these parameters is critical for the application of fracture mechanics to fatigue

and creep life assessment, and the damage evaluation of structures at elevated temperature.
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Table 1 Chemical composition (weight percent)

| |si|mn|P E 1cu|Ni; Cr
Sens 3 5 ] 5

Materiall0. 036{0. 8 [1. 6060.0280. 011 — |8.92| 18.07

urit rmim
(a) (b)

Fig. 1 Configuration of creep-fatigue specimen
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Table 2 Mechanical properties

Yield point | Tensile o ‘Reduction
‘ Temperature | 0.2% offset strength ‘ Elong/anon in area l Hardness
o kg/mm? kg/mm? 2
Standard ’ R.T. l min 21 ’ min 53 l min 40 ‘ min 60 l max 187
Material |  R.T. ’ 2 | e | e | m | s
Material | sec | me | s | m | o7 | ~

KS No. 14 A tensile spec1men
Loading speed: 3mm/min (R.T.:

KEBIEAESEE H2TE 535 19904 9A

room temperature)
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Fig. 2 The relation of stress and the time to

fracture at 593 C(1100F) for AISI 304
stainless steel
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Fig. 3 A typical example of initiation, growth and coalescence of creep-fatigue microcracks
distributed on the surface of a smooth specimen(a-1, a-2) and a small notch specimen

(b-1. b-2).

(a-1) #/t,=0.38; (a-2) t/t;=0.83; (b-1) #/t;=0.52; (b-2) £/¢#,=0.75
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Fig. 5 Variation of crack densily against distance
from major crack tip
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Fig. 7 Increase of major crack length against time ratio for (a) smooth specimen and (b) pit
specimen. UC indicates the upper limit curve and LC the lower limit curve
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