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Low Cycle Reversed Bending Fatigue Curves of 9% Ni Steel and Weld Metal

by Kunihiro lida, Member Yunbo Kho, Member
Hideharu Nagai

Summary

Deflection controlled reversed bending fatigue tests in low cyclé fatigue range were carried out
at ambient temperature and at —196°C on five 9% Ni steels of ASTM A553 grade A and transverse
‘butt joint specimens made by MIG arc welding and manual arc welding. In addition, notch effects
were investigated by introducing a surface notch of the elastic stress concentration factor of
:approximately 3 into the test section of both base and weld meétals. Cyclic amplitude of surface
'strain at the test section, which was continucusly measured by a plastic-range type strain
(gauge at ambient temperature and '—;1»96"0, showed a stationary behaviour after a number of imposed
‘cyéles corresponding to a few percent of crack initiation life. This stationary strain amplitude g,
is used for the evaluation of low cycle - fatigue strength which is plotted against number of
«cycles to crack initiation N,. In case where measurement of surface strain amplitude failed,
this was estimated from a dynamic calibration curve of e, versus bending deflection.

The relation between g; and N, was éxpressed by a modified Stromeyer’s formula, providing

any given percent probability curve for crack initiation basis. Notch effects are observed at room
and low temperatures by showing approximafely 1.7 of fatigue strength reduction factor, while
weld metals are insensitive to the effects. Fatigue strength is generally higher at —196 °C than
at ambient temperature. Weld metal shows lower fatigue strength than base metal in the whole
life range. ’ ' '
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Table 2 Test Series

Specimen Test Test
Steel . Notch Welding
Table 1 Tensile Properties Code Section Temp.
AR A BM No RT -
Steel & Y.s. [U.T.S.| R.A. o AL A BM No |-1%6°C -
F 2 BR B BM No RT -
Welds kg/mm CR C BM No RT -
A 69.0 |{ 74.5 |80.0 DR D BM No RT -
B 61.2 | 78.6 [75.0 ER E BM No RT -
C 61.0]71.2 {78.0 BNR B BM Yes RT -
D 73.7 [ 76.9 {79.6 CNR C BM Yes RT -
E 69.2 | 75.5 |77.0 CNL C BM Yes | ~196°C -
F 77‘3 80.1 |78.6 AWR "} A WM No RT MIG
Weld B(M) | 45.9 | 69.8 |50.6 Rkl B ot yos | X, | Mo
Filler 82 | 39.5 | 67.5 {47.8 FHR F WM No RT AW
Y.S. : 0.2% Proof Stress FWNR F WM Yes RT MAW
U.T.S.: Ultimate Tensile Strength FWNL F WM Yes | -196°C| Maw
R.A. : Reduction in Area BM : Base Metal, WM : Weld Metal,
Welds : Deposited Metal RT : Ambient Temperature, MAW : Manual Arc Welding
Table 3 Results of Statistical Analysis
Test . X : .
Temp. Specimen c k € r 3 n
Smooth Base | _1.68 | 2.09| 0.00188 | -0.986 | 0.174 | 50
£ Notched a1 | -1-54 | 1.75] 0.00181 | -0.992 | 0.125 | 23
@ .
gy
gg omooth Weld | _5.03 | 1.89| 0.00221 | ~0.960 | 0.336 | 19
< & ['Notched ;
Wola Metal |-2-59 | 2.25| 0.00168 | -0.958 | 0.340 | 14
Smooth Base
o geta}]; . 1.14 1.95] 0.00499 | -0.993 | 0.110 7
o
o | etal |-4-62 | 3.56 ) -0.979 {0.149 | 6
i
v fpotehed 1 -0.727|1.41( 0.00259 | ~0.914 | 0.328 | 14
r : Correlation Coefficient, & : Standard Deviation,
n : Sample Size
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