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Quantitative Correlation of Static Strengthening Mechanisms
to Fatigue Property in Low and Medium Carbon Steels

Takashi ABE, Tetsuya SAMPEL, Hirotada Osuzu and Isao Kozasu

Synopsis :

Despite of ferrite pearlite structure, microalloyed and controlled rolled bar revealed good fatigue
property almost equivalent to quenched and tempered plain carbon steels whose microstructure was
tempered martensite. Detailed study was carried out to give a comprehensive interpretation for this
phenomenon. The relation between static strengthening mechanisms and fatigue property was investigated
quantitatively, using low and medium carbon steels conventionally or controlled rolled with variation of Si
and Mn contents and V or Nb additions. As a result of this, it was clarified that each strengthening
mechanism showed different contribution in improving fatigue limit. Compared with grain refinement,
pearlite and dislocation strengthening, both solid solution and precipitation strengthening improved fatigue
limit efficiently as well as dispersion strengthening. This was caused by their effectiveness both in preventing
dislocation from migration under cyclic loading and in strengthening ferrite matrix comparatively

uniformly.
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Table 1. Chemical compositions (wt%).
Steel C Si Mn P S Cr Nb \% Sol.Al T.N
A 010 0.14 066 0.007 0.00¢4 tr tr tr 0.021  0.0057
B 0.19 019 0.70 0.006 0.004 7 " ” 0.020  0.0066
Plain carbon steels C 02 02 063 006 0027 7 ” ” 0.018  0.0083
D 029 019 0.70 0.007 0005 ~ ” ” 0.025  0.0060
E 046 025 062 0015 006 7 ” ” 0.022  0.0095
F 055 027 068 0007 0023 7 ” ” 0.024  0.,0089
G 0.10 0.14 0.57 0.006 0.004 tr tr 0.09  0.021 0.0058
V contained steels H 020 019 066 0006 0004 7 ” 0.10 0024 0.0069
I 02 02 067 0007 0005 7 ” 0.1 0.022  0.0061
J 024 029 094 0019 0.0 tr  0.03 tr 0.022  0.0064
Nb contained steels K 03 02 097 0020 0002 ”  0.036 ” 0.02¢  0.0059
L 045 033 1.00 0021 0002 7  0.03 " 0.025  0.0074
. . M 0.12 1.02 0.75 0.007 0.004 tr tr tr 0.024 0.0061
Si, Mn increased steels N 011 027 1.8 0.007 0.004 7 ” ” 0.015  0.0058
. O 0.16 0.28 1.33 0.016 0.008 tr  0.024 tr 0.019  0.0057
HSLA* steels P 011 035 1.52 001 0.005 0.18 0043  0.07 0.025 0.0060
PII** Q 00l &  0.07 0.007 0.002 tr tr tr 0.002  0.0060

* High strength low alloy  ** Pure iron for industrial use
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Fig. 1. Relation between static tensile properties

and fatigue limit of various steels.
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Fig. 2. Variation of yield stress and fatigue

limit by normalizing.
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Table 2. Summary of quantitative analysis of strengthening mechanisms for YS.

Reference o oy et am? oy - K fmm? RaA S gt
i Nb) 18.2+0.398,-1/2
PICKERINGT) &) 8.5S8i+3 -31\—:{1316. W, lS?(x;i,g:;gc:; ) ( +x (1_—}““) ) 1774172
GLADMAN, McIVOR and 6.4Si4+5.9 f«173Mn (18.2+0.395,-12) 1.77 fa¥/3%d 172
PICKERING?) 142,81/ N; —_— X (1= fa%)
GROZIERS? 7.25i+4. 1Mn+others —_— 0. 154 (% pearlite) 1.65d-1/2
IRvINID) 8.58i+3.3Mn e B — 1.76d-172
KocgrslD —_ o &ﬁé(();;()i(()}iifg)/x I -
KANAGAWA12) 9.6Si+2.2Mn +others _ — 1.23d-1/2
KLESNIL, HOLZMANN —_— J— N 1.92d-172
et al. 13
YOKOBORI!4? —_— J— I 9.36d-172
Ng¢ : free nitrogen content(%), So : pearlite lamellar spacing (mm)
fa : ferrite volume fraction, a: constant, d : ferrite grain size (mm)
f : volume fraction of precipitate, % : mean diameter of precipitate (mm)
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Fig. 10. Comparison between observed fatigue
limit and that calculated by equation (7).
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