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A Study on the Propagation Behaviour of the Fatigue Cracks
in Rolled Steel Plates

by
C. S. Kang*

Abstract

There are many reports on fatigue crack of metallic materials but most of them relate crack

propagation rate to stress intensity factor. The problem of crack propagation is not vet clarified,
esnecially the bridge between micro and macro phenomena.

In this experiment rotating bending fatigue tests have been carried out with smoothed specimen
<i rolled steel plates including 0.225 carbon under application of three stress conditions to investi-
rz12 the slip band and the crack propagation behaviour.

The results obtained are as follows;

13 The length of cracks which have grown at initial crack tips can be expressed as follows;

{=AeBNr (A,B: constant, N,: cycle ratio)

AB 41D L BNr
dN N, e (Ny: fatigue life)

7% The ratio of slipped grain number to total grain number is
Sy=70—5.60, (o: stress amplitude)
(o fatigue limit)
2> When the fatigue process transfers from Stage I to Stage II, the crack which propagates into
specimen changes its direction from that of the maximum shear stress to the direction of per-
pendicular to principal stress and this is same in the circumferential direction of specimen.

The crack propagation behaviours of both sides of a crack are different each other when they

approach to the grain boundary.
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Photo. 2. An illustration of a relation between slip bands and grain boundary micro-cracks and that of
crack propagating behaviour from leading and following crack tips
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Phote. 3. Active slip bands, developed at the surface of a rolled directional specimen that was fatigued at
fatigue stress d=15.7 kg/mm? until fatigue number became N=1x10". Showing nonpropagating

fatigue slip bands. Upper: Surface along fibrous layers. Lower: Surface perpendicular to fibrous

layers
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Photo. (4-1) Surface perpendicular to fibrous layers
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Phote. 4. Active fatigue slip band with propagating fatigue cracks, developed in active slip bands at the surface
of a"rolled directional specimen that was fatigued at bending stress ¢=19.9 kg/mm? after fatigued
until fatigue number became N=1x10 (stress under fatigue limit ¢=15.7 kg/mm?)
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Photo. 3. 7a)?Non propagated fatigue cracks, developed at the surface of a smoothed specimen, then

polished, etched and
(k) fatigued at bending stress =22 kg/mm?, N=1x10* more
(c) fatigued again at same stress N=1.3x10* more,

(d) propagating fatigue cracks after electric polishing, igue cracks

showing short non-propagating fat
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Propagating cracks seen in etched sections, perpendicular to the surface and parallel to the
stress axis, in rolled directional specimen fatigued at bending stress 0=22 kg/mm? N=25x10%
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Photo. 7. Fatigue damage on the surface of the smoothed specimen fatigued at (a—1, a—2, a
bending stress 0=23, Tkg/mm?, fatigue number N=5x10% (b): o=22. 3kg/mm?,
N=20x10%, (¢): 0=19.9kg/mm? N=56x10%, (d: o=17. 8kg/mm?, N=70x10%,
fe—1):0=15.7kg/mm2, N=1x107 (bendling stress under fatigue linit},

e—2): ¢=19.9kg/mm?, N=1x10"+52x10*
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