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Abstract

In the present study, rotating bending fatigue tests have been carried out in three kinds of carbon

steel specimens; an annealed low carbon steel, an annealed high carbon steel and quenched-tempered

high carbon steel; with a small artificial surface defect that might exist in real structures.

Fatigue crack lengths have been observed by a method of replication in order to investigate the

growth characteristic of fatigue crack in the viewpoints of strength of materials and fracture

mechanics.

The main results obtained are as follows:

1) The effect of a small surface defect upon the reduction of fatigue limit is considerably large,

and the rate of fatigue limit reduction grows in the following order; annealed low carbon

steel (mild steel), annealed high carbon steel, quenched-tempered high carbon steel.

2) When the growth rate of surface crack length(2a) was investigated in the viewpoints of
fracture mechanics based upon 4K., the dependence of stress level and of surface defect size
disappear, and there exists a linear relationships between d(2a)/dN and 4Kes, det+'zq on log.
log. plot, i.e, d(2a)/dN=C-4K¢3, where de:+/7q is the cyclic total strain intensity factor

range.
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Table 1. Chemical composition (wt. %)

Material T

e S | C | s M| P s

(SI%C) | 0. 15| 0.26 0. 55[ 0. 022w 0. 021
J ‘ \ \
(SWRH72B) | 73 0.34 0.76) 0. 021[ 0. 024

80

unit:mm

Fig. 1 Configurations of the specimens
and the pits,
a) specimen for high carbon steel J
b) specimen for mild steel G
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Table 2. Mechanical properties

Yielding Tensil—eh'Elongat- Reduct- .
: point |strength| ion ion
Material (kg/ (kg/ % of area Hv
mm?) | mm?) © (%) |
G | 245 0. 0.3 6.3 114
; le 1 2 | s | 2258 40| 170
1| 1102 1244 12 | 232 s
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Table 3. Conditions of heat-treatment and notch condition

Material J‘ Conditions of heat-treatment i Notch condition
G | ] . 0.5mm¢, depth 0.23mm
(S15C) held 60 min. at 930°C and furnace-cooled ; "o 0. 5mm
! 1 "o, 1. 0mm
‘ ! held 60 min. at 780°C and furnace-cooled
J
(SWRH72B) ! I i tempered for 60 min at 480°C and then water | 0-5mmg, depth 0. 5mm
! i cooled which was pre-oil quenched at 830°C !
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Fig. 2 S-N curves for mild steel G and high
carbon steel J
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3 The number of cycles for the crack length
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Fig. 4 Relation between surface crack length
and the cycle ratio for mild steel G
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Table 4. The rate of fatigue strength of notched specimens to that of smooth specimens
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