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Initiation and Propagation Behaviors of Micro-Surface-Fatigue
Cracks under In-Plane Tension Fatigue Tests

Chang Min Suh

Abstraet

In-plane tension fatigue tests (R=0.05) were carried out to investigate the initiation and pro-
pagation behaviors of micro-surface-fatigue cracks on smooth surfaces of a mild steel. Also, the
investigations of saturated cyclic strain which can be obtained by the fatigue tests have been
made via the cyélic strain intensity factor, 4Ke, for the purpose of unifying two approaches of
the study of fatigue; the one approach is based on fracture mechanics concept and the other on
lowcycle fatigue concept.

Some of the results are as follows; ]

The growth rate, d(2a)/dN, of small cracks cannot be represented by one straight line as a
function of 4X for various values of the nominal stress range, do, and is higher than that of
a large through crack.

The rearrangement of the d(2a)/dN by de Jza (=4Ke) with the stress range do in 4K
replaced by Je, strain range, gives one straight line of the 4Ke-d(2a)/dN relation for various
values of stress range 4o,
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Table 1 Chemical composition and mechanical pro-
perties of specimens

Chemical composition, wt, %

CISian Pl s | cu

Nil Cr

0. 15} 0.26 0.5/ 0.022 0.021) 0.02 0.015[ 0.011

Mechanical properties*

Upper | Lower | Tensile Elong- | Reduc-| Vickers
yield yield ati 0%1 tion of
point point |strength g area |hardness
kg/mm? kg/mm? kg/mm? % % Hv
2.0 | 245 | 0.1 | 403 | 683 | 114

* KS 14-A type tensile specimen
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Fig. 1 Configuration of the specimen for in-plane
tension fatigue tests
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Fig. 2 Relation between maximum stress, Omax, and
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Fig. 3 The number of load cycles for initiation of
cracks and the crack length at a later stage
of the fatigue life. The numbers in parent-
heses indicate the crack length for N,/N; or
N/N;. N; is the number of cycles for the
initiation of the crack, Ny is the number of
cycles to fracture and MV is another specified
number of cycles
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Microphotographs showing the initiation
and propagation behavior of a micro crack
initiated at a grain boundary on the smooth
surface of mild steel. (Note: The 2a-N di-
agram of this crack is plotted in Fig. 4,
and it’s marked by ( ), at varies stages
of the fatigue life)
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Photo 2 Microphotographs showing the initiation
and propagation behavior of a micro crack
initiated at a pearlite on the smooth surf-
ace of mild steel (Note: The 2a-N diagram
of this crack is plotted in Fig. 5 and it’s
marked by [J, at varies stages of the
fatigue life)
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Photo 3 Microphotographs showing the initiation
and propagation behavior of a micro crack
initiated inside of a grain on the smooth
surface (Note: The 2e-N diagram of this
crack is plotted in Fig.5 and it’s marked
by (O, at varies stages of the fatigue life)
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Fig. 4 The 2a-N diagram showing the propagation
behavior of micro cracks on smooth surface
of mild steel (axial loading)
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Fig. 11 Dependence of the growth rate of small
fatigue surface cracks upon (a) cyclic total
strain intensity factor range and (b) cyclic
plastic strain intensity factor range for A.L.
testing method
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