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Fatigue Strength Reduction Factor of Mild and High Strength Steels

by Kunihiro Iida, Member Yunbo Kho, Member

Summary

A set of load controlled fatigue tests of smooth and notched specimens was conducted in
intermediate and high cycle fatigue ranges in order to re-evaluate the applicability of a predi-
cting formula of fatigue strength reduction factor of crack initiation basis, that was proposed
in a previous paper. ‘

Materials tested were electro-gas welded metal of a mild steel and base metals of 50kg/mm?
class and 70kg/mm? class high strength steels. Notch geometries investigated ranged over
elastic stress concentration factors of approximately 2.2 to 8.6. An FEM analysis of cyclic
elasto-plastic strains distributed in the notched net section was also made and discussed in
comparison with experimental results measured by strain gauges during a fatigue test.

Results indicated that the fatigue strength reduction factor of crack initiation basis in high
cycle range will become approximately 0.8 to 1.0 times as great as the elastic strees concen-
tration factor of a notch. A formula presented in this paper will be available in estimating
the fatigue strength reduction factor of crack initiation basis for any stress ratio. In case
where the notch root may be subjected to cyclic yielding, the fatigue strength reduction
factor is predicted by the proposed formula by applying the fatigue strength of smooth mate-
rial for the stress ratio of ~1. The application of the fatigue strength of smooth material
for the stress ratio of zero will provide conservative estimation of the fatigue strength reduc-
tion factor.
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Fig. 1 Single Edge Notched Plate Specimen and
Location of Notch Center (KW-Series)

Table 1 Static Tensile Properties. and Caemical Compositions

| Material %y “u RA | ¢ C Si Mn P .S
- (kg/mm?) | (kg/mm?) | (%) £ :
xDK |BM 26.8 48.6 62 | 0.97 | 0.11 | 0.24 | 1.01 | 0.017 | 0.012
WM 27.6 48.8 68 | 1.14 - - - - -
HW50 61.7 73.6 71 | 1.24 | 0.12 | 0.32 | 1.24 | 0.012 | 0.006
HW70 80.0 95.3 66 | 1.08 | 0.10 | 0.23 | 0.81 | 0.012 | 0.007

gy : Yield Stress , o, : Ultimate Tensile Strength

RA : Reduction in Area , €y : Static Fracture Ductility

Table 2 Electrogas Welding Conditions

Wire HS-42G (3.2mmé) Edge Preparation
Atmosphere CO, gas 35l/min 20°.
Current () 650 ~ 670 - )
Voltage (V) 39 - 41 ( ‘\i i/ 35
Speed (cm/min) 6.2 - 6.5 { ! =
Heat Input(KJ/cm) 243 - 255 —J“_
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* Fig. 2 Center Notched Plate Specimen
(HW 50 and HW 70)
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Table 3 Stress Concentration Factor of Specimens Used

“Table 4 Test Series and Specimen Code

Sharp

: .1 (1) | Hour Dull Medium
Material Glass(z) Notch13) Notch(a) Notch(3)
" KDK-BM KBR - - -
KDX~BD KWR KWA KWB KWC
HWS0-BM 5HR S5Ha SHB SHC
HW70-BM THR 7HA “7HB 7HC
(1) BM : Base Metal, BD : Bond

(2) Fully Reversed, Load Controlled
(3) Repeated Tension, Load Controlled

(Sh5n = 1 to 2 kg/mm?)
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Table 5 Constants in Sgp=(N¢)~* and Statistical
50 Parameters
40
i Code K r C k
=30 = i
=90 KBR 1.06 | -0.927 99.6 | 0.0586 | 0.0987
Ezo KWR 1.06 | ~0.933 | 113.0 | 0.0647 | 0.0832
o
= KWa 2. -0.968 | 143.6 | 0.142 0.0363
. KWB 4.3 ~0.964 | 149.6 | 0.188 0.0414
b KWC 8.6 ~0.949 | 147.4 0.246 0.0466
10 SHR 1.06 | -0.942| 166.4 | 0.0622 | 0.0704
N . SHA 2.2 -0.963 | 145.3 | 0.111 0.
————— SM41C,Base Metal ~3 PN =70 0008
(Previous Results) =108 =7 SHB 3. -0.997 | 173.1 | 0.180 0.0032
sl il PETIE | MR I | R SHC 5.9 -0.982 83.0 | 0.141 0.0410
10 10° 108 Z
7HR 1.06 0.987 | 275.0 | 0.0821 | 0.0167
C
) ) . 7HA 2.2 - (232.3)}(0.137 -
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Fig. 6 Fatigue Test Results of Center Notched
Specimen
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