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Report:

The concept of crack closure (i.e. effects that cause the crack faces to close early during unloading so that the
crack tip does not experience the full crack-opening fatigue cycle) have been used to explain many crack
retardation effects. Plasticity induced crack closure is one of the most important mechanisms of crack
closure, but is still the target of heated debate. Some say that closure does not occur at all, others say that it
can only occur under plane stress. To date, experimental measurements of crack closure have been
inconclusive and have relied on either (i) measuring some secondary property of the cracked body such as
compliance or electrical resistance or (ii) measurement of crack-opening displacements on the surface of the
cracked body.

Experimental Results

A series of tests were conducted on compact tension (CT) specimens to measure strain data in the region
surrounding the crack tip under plane strain (in the bulk). Energy dispersive mode was utilised, with a fixed
20 angle of 5°.Using 2 detectors we could measure the elastic strains in the crack growth and crack opening
directions with high spatial resolution.
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Fig 1: Crack opening displacements (in m) measured by digital image correlation of the free sides of the crack as a
function of load, P, (kN) for the sample a) one cycle before overload (OL- 1), b) during and just after overload (OL,
OL+1), and c) during retardation (OL+25,000). Conventional thinking suggests that the knee around 1-1.5kN
indicates the crack closing . No knee is observed during and immediately after overload.

Regarding the plane stress sample, our surface displacement analysis shows clear evidence of crack closure
before and significantly after an overload event (a much higher load than the fatigue load cycle) — see figure
1. In this experiment we were anle to map the crack tip stresses behind and ahead of a fatigue crack in
stainless steel prior to and subsequent to an overload event under both plane stress and plane strain.




The primary results are shown in Fig. 2. Here the crack-opening stress field in the plane including the crack is
shown for the cyccle immediately before (OL-1), during overload (OL) and after (OL+1). The predictions of
a simple model of the fatigue crack stress field are also shown (at max load and at half load and at min load)
for each crack loading cycle.
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Figure 2: Elastic strain (in 10°) evolution at the stress is used. This suggests that cyclic hardening is
mid plane (t=1.5mm) along a crack. Strain curves | important. However the strains within 500um of the
measured and predicted by modified crack-tip appear to be consistently smaller than

Westergaard’s solutions (dashed) are shown on
all plots. Profiles are shown for the cycle just
before the overload (a), during the overload cycle
(b) and for the cvcle iust after the overload (c).

anticipated, both in tension and compression. This may be
due to the extended gauge volume which samples strains
over a significant length-scale, potentially smearing out

the sharp crack tip. Equally, the crack-tip is not linear
across the sample width. To take this investigation further, the experiment will be repeated on finer grained
materials where both higher spatial resolution and more accurate strain fields would be obtained.
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