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ABSTRACT

The fatigue threshold values, AK,,, were measured for three stainless steels
(KCR 171, CA 15 and 304) in different environments, generally at R=0.1. In
white water, AK , for KCR 171 and CA 15 was lower than in air, probably as a
result of increased hydrogen embrittlement effects. In silicone oil, AK,
for KCR 171 and CA 15 was higher than in air, at least partially as a result
of an increase in plastic zone size and in crack closure effects.
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INTRODUCTION

The influence of the environment on the threshold value of the cyclic stress
intensity factor, AK.n, is very variable. Depending on the material and en-
vironment, an aggressive environment can decrease (Vosikovsky, 1976; Haagen-
sen, 1977), not influence (Mautz and Weiss, 1976; Baf¥lon and others, 1983)
or increase (Stewart, 1980; Ritchie and others, 1980; Baflon and others,
1983) AK,,,. An inert environment generally (Beevers, 1977; Ballon and others
1983) but not always (Stewart, 1980; Ritchie and others, 1980) increases AKwn.
This seemingly confusing behaviour occurs since the environment can influen-
ce not only the fracture and plastic properties of the material at the crack
tip but also the crack tip morphology (Radon, 1970) and crack closure. A
change in the (AK,¢¢),, /0K, ratio can thus result, where (AK,¢¢).n Tepre-
sents the portion of AK,, effectively acting on the material immediately a-
head of the crack tip. Accordingly, AK,, can be decomposed thus:

OKen = (BKeggden + OK'y (D

where (AK,¢¢):n should be determined by the fracture and plastic properties
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of the crack tip material. As such, it is a material property that can be
influenced by the environment. The AK!, component represents the influence
on the threshold of effects which cause the effective AK to differ from the
applied AK. Crack closure, changes in crack tip morphology (e.g., crack
branching) and the presence of residual stresses ahead of the crack tip can
all contribute to AK!y, . Of these, the crack closure contribution can be re-
latively easily measured. ‘Assuming the other contributions to be negligible
or unchanged by the environment and therefore treatable as a component of
(Kot den s equation (1) can be more conveniently written to include Kop, the
stress intensity at which the crack tip becomes open:

The present paper considers,
environment on AK,, and on th
influence of environment,

for three stainless steels, the influence of
e near-threshold fractography as well as the
AK and R on the near-threshold Kop -

EXPERIMENTAL PROCEDURE

The materials studied were KCR 171 a 24% Cr, 8% Ni, 1% Mo austenitic-ferri-
tic stainless steel containing approximately 55% of austenite, CA 15, a 12%
Cr, 0.5% Mo martensitic stainless steel containing less than 10% of delta
ferrite and metastable austenitic 304 stainless steel. All tests were per-
formed at room temperature, 20 Hz and generally at R=0.1. Tests were car-
ried out in air of ~ 35% relative humidity, white water (an acidified NaCl-
Na, SO, -Na, S2 03 pulp and paper industry solution of composition given by Ait
Bassidi and others (1983)) and Dow Corning 550F silicone oil. _A servohy-
draulic machine interfaced for automatic test control and data acquisition
was employed. The crack lengths were measured optically using a travelling
microscope with resolution better than 0.01 mm. Hysteresis loops of load
versus CMOD in the near-threshold region were recorded digitally at reduced
frequencies of 0.1 or 1 Hz. For the K,, determination, the best fit straight
i ulated for the portion of the K versus CMOD curve for

RESULTS

AKin and K,, values

Figure 1 presents typical da/dN versus AK results.

AKiw, for the different materials and environments a:
For KCR 171, a series of measurements w
Kmax values of 23.8 to 61.6 MPaym and at R=0.2 for Kmex Vvalues of 23.8 to

> Kop remained essentially constant at 8.1 MPavm with
a standard deviation of 0.22 MPav/. At R=0.2, the constant Kp was 7.9

MPavm with a standard deviation of 0.13 MPavm. A series of Ko, measurements
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TABLE I: AK., values in MPavm

MATERIAL R IR WHITE WATER SILICONE OIL
KR 171 0. 7.2 £7
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Fig. 1 Near-threshold crack growth rate curves for a) KCR 171 and
b) 304 steels.
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Fractographic and plastic zone size observations

For all three materials and for both phases of KCR 171 and CA 15, the near-
threshold fractography consisted of fine crystallographic facets (Fig. 2).
Features observed included flat,rather smooth facets (Fig. 2a), parallel
sheet-like facets separated by fine cracks (Fig. 2b), crystallographic steps
(Fig. 2c) and river lines which often increased in number on crossing grain
boundaries. These river lines often were crystallographically serrated
(Fig. 2d) and at times formed fan-shaped patterns, very similar to those
observed during transgranular stress corrosion cracking (tscc) (Mukai and
others, 1978; Dickson and others, 1980). The other features mentioned can
also be observed on tscc fracture surfaces. The near-threshold fractography
of the 304 steel (Fig. 3) was observed to be particularly similar to that
typical of tscc of the 300 series stainless steels. The crystallographic
facets produced in silicone o0il tended ‘to suggest a less brittle fracture
mode; however, closer examination indicated that the only difference was
that edges and corners which acted as asperities had generally been rounded
by crack closure (Fig. 4a). Etch-pit shapes (Ait Bassidi and others, 1983)
showed that the fracture planes in the KCR 171 ferrite were {100}.

Silicone o0il introduction after testing in air resulted in the occurrence,
on the portion of the fracture surface previously produced and which was
quite close to the crack front when this o0il was introduced, of quasi-
macroscopic regions almost completely flattened (Fig. 4b) by crack closure.
The crystallographic aspects were still discernible, however, in the more
pronounced microscopic depressions. The introduction of this inert environ-
ment during a test in air resulted in a rapid increase in plastic zone size,
similar to other observations (Davidson and Lankford, 1977; Ba%lon and
others, 1983). This rapid increase was clearly observed with the travelling
microscope employed for crack length measurements. A doubling in surface
plastic zone size was estimated microscopically after the test.

DISCUSSION

Threshold values

The R=0.1 AK;n values in white water for KCR 171, CA 15 and 304 steels are
approximately 15%, 5% and 7% lower, respectively, than those in air. For
KCR 171, no change in K,p, was detected for a change from air to white water;
however, the measurements in white water were carried out only for a few
thousand cycles, which was probably insufficient for an increased effect of
corrosion-product induced crack closure to occur. As well, the increase in
Kop due to fretting oxide crack closure can be more pronounced at than near
AK,, (Bignonnet and others, 1983). The indication clearly is that the de-
crease in AK;» in white water is associated with a decrease in (AKeff )th
probably as a result of an (or a more severe) embrittlement compared to tes-
ting in air. If increased corrosion-product induced crack closure occurs in
white water, for which environment the fracture surfaces were, prior to
cleaning in inhibited HC1 solution, more strongly covered with corrosion
product, the true decrease in (AK,¢¢ )., may actually be greater than sug-
gested by the decrease in AK,, . The corrosion-fatigue effects at higher AK
values obtained during tests in white water on KCR 171 and CA 15 have been
explained (Ait Bassidi and others, 1983, 1984) by hydrogen embrittlement

of the ferritic phase and hydrogen embrittlement is also the likely expla-
nation for the observed decrease of AK., and (AK,¢¢).n in white water. In
this respect, it is interesting to note that a similar decrease of A, in
white water occurred for the metastable austenitic 304 steel.
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for KCR 171, AK.p was ~ 30% higher in silicone oil than in air for both R =
0.1 and 0.5. For 304 stainless steel at R=0.1, AK,, was =~ 15% higher in
silicone oil than in air. For KCR 171, the value of K,p, increased initially
rapidly and then gradually after a change from air to silicone oil near AK,h
and stabilized after approximately 3000 cycles. The initial increase appear-
ed to correspond well to the rapid increase in plastic zone. A subsequent
gradual increase of this zone would have been very difficult to detect opti-
cally. Taking Kep for KCR 171 as 7.8 MPavm in air and 9.6 MPavm in silicone
0il, the increase in K,, explains 80% and 20% of the increase in AKen for
testing in silicone oil at R=0.1 and 0.5, respectively. Testing in silicone
0il also produced fractographic evidence at both R-ratios for more crack
closure than in air. An important portion of the increase in AKin in sili-
cone oil thus results from the increase in plasticity-induced crack closure
effects, although as noted by Baflon and others (1983) roughness-induced
crack closure generally occurs in combination with plasticity-induced or
with oxide-induced crack closure. The portion of the increased AKen in sili-
cone o0il not explained by the increased closure may be associated with the
occurrence of some hydrogen embrittlement in air, as suggested by occasional
observations of brittle striations above the AK., region (Ait Bassidi and
others, 1983, 1984). For the 304 steel, no measurements were performed of
AK,,, in white water or of the change in Kep associated with a change in en-
vironment. For this austenitic steel, the effect of hydrogen embrittlement
at AK,, in air may be small and the smaller increase in AKin in silicone
0il may be essentially associated with increased crack closure.

Fractographic aspects

The fractographic aspects of flattened or rounded asperities (Fig. 4a), ob-
tained principally in silicone oil, indicate a combination of plasticity-
induced and roughness-induced crack closure, in agreement with the increase
in plastic zone size and resulting increase in Kop associated with a change
to this inert environment. No other fractographic differences were detected
for the different environments, suggesting similar crack tip morphologies.
Strong hydrodynamic wedging effects in silicone o0il also were not indicated
since the surface flattening was not uniform.

As noted by Dickson and others (1981), the crystallographic facets obtained
near AK,, are very similar to those obtained during tscc. These characte-
ristic cleavage-type facets are produced near AK;, even in such inert envi-
ronments as silicone oil and vacuum. The explanation proposed is that both
types of cracking are produced by small, discontinuous, cleavage-type crack
bursts, as experimentally observed for tscc of Admiralty metal (Pugh, 1981),
although near AK,, this cleavage is not necessarily environmentally-assisted.

CONCLUSIONS

It can therefore be concluded that testing in white water at R=0.1 results
in a decrease of AK,n, and (AKef¢ ):n compared to testing in air for KCR 171,
CA 15 and 304 stainless steels. Testing in silicone oil, results in an
increase in AKcn, which is at least partially associated with an increase
in plastic zone size, in plasticity-induced crack closure and in K.p.
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