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Probability Distribution of Failure Times of Stress
Corrosion Cracking of 17Cr-11Ni Stainless Steel

Toshio SHIBATA and Taro TAKEYAMA

3 Synopsis:
Probability distribution of failure times of stress corrosion cracking of 17Cr-11Ni stainless steel under
- constant stresses of 5 to 30 kg/mm? in 25%, 359%, and 459 MgCl, solutions at their boiling temper—

ature has been analysed by using the Weibull probability paper which is widely used in reliability
engineering. Probability distribution of failure times was found to be described as single or composite
Weibull distributions. The composite distribution consisting of mode 1 and mode 2 distributions is
found at the low stress conditions. Mode 1 is observed at the earlier failure time region and its shape
parameter is larger than unity, depending on the stress and temperature examined. On the other hand,
the shape parameter of mode 2 which is observed in the latter region of failure times shows almost
a constant value of unity. The condition which gives the shape parameter of unity is likely to corre-
spond to a chance failure or random occurence of crack initiation, while the shape parameter larger than
unity indicates a wearout failure which seems to correspond to crack propagation. Thus, the type of
distribution of failure times is likely to connect with the failure mode, i.e., crack initiation or propa-
gation.

(C:0.050, Si:0.47, Mn : 1.48, P : 0.033, S : 0.015,
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Fig. 1 Experimental apparatus for measuring

failure times of the thin wire specimen
in boiling MgCl, solutions.
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Fig. 2. Plots of the cumulative probability of
failure times in Weibull probability paper.
Data were measured by the pulley
loading system. Single and composite
distributions were observed.
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Fig. 3. Weibull plots of failure times which were
obtained by wusing the direct loading
system indicated in Fig. 1. No diference
between Fig. 2 and Fig. 3 is observed.
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Fig. 4. Weibull plots which show composite
distributions.
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Fig. 5. Weibull plots which show single and
composite distributions.
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(a) 45%MgCl,;, 154°C, 5kg/mm?, ¢=243 min
(b) 45%MgCls, 154°C, 5kg/mm2, ¢=243 min
Photo. 1. Black thick film covers (a) fractured surface, and also (b) outer corroded
surface which were obtained at 154°C.
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(a) 35%MgCly, 126°C, 5kg/mm?, ¢=1047 min
(b) 35%MgCl,, 126°C, 5kg/mm?, t=1388 min
Photo. 2. No black thick film is observed and cracks initiate at the attacked sites of
air-formed film, but pit related crack initiation was scarcely observed.
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Fig. 6. Median failure time and shape parameter
as a function of applied stress.
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