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Influences of Strength and Non-Metallic Inclusion on the Fatigue
Crack Propagation Characteristics in Structural Steels

Synopsis:

Kunihiko KoBayvasui, Asao NARUMOTO,

Michihiro TANAKRA, and Tokushi FUNAKOSHI

Fatigue crack propagation rates were obtained for structural steels having tensile strength levels ranging

from 40 to 100 kg/mm?.
increase in the yield strength of the steel.

The constant m in the Paris’ formula, da/dN=C(4 K )™, was found to decrease with
The influence of m on the fatigue crack propagation life was
analysed for the case of center through-notched plate as well as part through-notched plate.

Both ex-

periments and calculations showed that the higher strength steels endured longer than the lower strength steels
when cracks were large and/or stress ranges were high, however, they endured shorter when cracks

were small and/or stress ranges were low.

When steel plates were fatigued under through-thickness stresses, m increased with increase in sulphur

_ content, though the strength levels of steels were identical.

This phenomenon was quantitatively analysed

on the basis of the proposed model that sub-cracks initiating from MnS inclusions near the main crack acce-

lerated the fatigue crack propagation rate.

The endurance limits in through-thickness fatigue were correlated with the projection length of inclusions

based on the existance of the threshold range of stress intensity factor, 4K;j;, in

propagation rate vs 4K diagram.
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Chemical composition and tensile properties of steels and the values of m and C obtained from fatigue crack propagation test.
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Fig. 1. Specimen geometries and notch details of
a centre-through notched and a part thro-
ugh-notched plate for fatigue crack pro-
pagation test.

(a) centre through-notched plate (¢=20
mm, W=90mm, L=900mm)

(b) part through-notched plate (¢=15
mm, W=80mm, L=500mm)
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Fig. 2. Schematic curve for fatigue crack propa-
gation rate showing the three stages bet-
ween the threshold range of stress intensity
factor, 4Ky, and the critical stress inten-
sity factor, K.
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Fig. 3. Relationship between fatigue crack propa-
gation rate, da/dN, and the range of st-
ress intensity factor, 4K, for various st-
ructural steels.
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Fig. 4. Striation spacing, s, measured on fatigue
fractured surfaces of SM 50 and HT 80
steel specimens.
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(a) steel A

Photo. 1. Scanning electron micrographs of fracture surfaces in through~thickness fatigue
crack propagation test of SM50 steels A and E.
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large arrow : direction of crack propagation

small arrows : heavy tear lines
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C> : the propagation direction of the main crack
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Fig. 13. A model for the formation of the “heavy tear line” on fracture surfaces of
through-thickness fatigued specimens with high sulphur content.
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