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Characteristics of the Cyclic Hardening in
Low Cycle Environmental Fatigue Test of CF8M Stainless Steel
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Abstract

Low-cycle environmental fatigue tests of cast austenitic stainless steel CF8M at the condition of fatigue
strain rate 0.04%/sec were conducted at the pressure and temperature, 15MPa, 315C of a operating
pressurized water reactor (PWR). The used test rig was limited to install an extensometer at the gauge length
of the cylindrical fatigue specimen inside a small autoclave. So the magnet type LVDT’s were used to
measure the fatigue displacement at the specimen shoulders inside the high temperature and high pressure
water autoclave. However, the displacement and strain measured at the specimen shoulders is different from
the one at the gauge length for the geometry and the cyclic strain hardening effect. Displacement of the
fatigue specimen gauge length calculated by FEM (finite element method) used to modify the measured
displacement and fatigue life at the shoulders. A series of low cycle fatigue life tests in air and PWR
conditions simulating the cyclic strain hardening effect verified that the FEM modified fatigue life was well
agreed with the simulating test results. The process and method developed in this study for the environmental
fatigue test inside the small sized autoclave would be so useful to produce reliable environmental fatigue
curves of CF8M stainless steel in pressurized water reactors.
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Table 1 Chemical composition

Materials | C Mn Si Cr Ni | Mo S P

CF8M(1) |0.059 |0.916 |1.167 0.007

CF8M(2) 0.058 |0.918 |1.116 0.006

Average [0.058 |0.917 |1.141 0.006
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Table 2 Test conditions

Load Ratio (R) -1 (tensile/compress)
Strain Rate 0.04%/s
Strain Amplitude (¢ ,) 0.4%, 0.6%, 0.8%
Temperature 315C
Pressure 15MPa
DO (dissolved oxygen) < 5ppb
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Fig. 7 Real gage and Shoulder gage of specimen

Fig. 8 Dimension of specimen

AHE - AHe

33 FEME o| &%t MF7 =

AF7] Az AL THAL dHS
702 A& kM, Fig. 8 ol A ¢k Fo] x5 1E
oF AASAA7E B27] i HAAR SAHH
= WYEY 337 wEZHe] AAAAE T
6}04 BAsFo ok gt Y ARE 1 A
As T Aot AdAxAE JYuolHE AL
3lo] Fig. 9, 10, 11 =} Table 3, 4 &} o] F3Fa i
31 4] (FEM, finite element method) {02 F 37 €
oF SATZE Abololl A e WP Aol & ALt
A BAE e FasiA]e UHe v

| 2td x|

|

oo

ABAQUS £ o] &3}
mEls) shglvh Al e g

HE oo st &
argetel A el =
=Xt S non-

linear X A3 58 Q7tstdEA] &
A wele watel T Ao WEE At
ahginh

332 siMZzE D}

Y A= 315T 12 AFAE ZAFAE oY
di WAHE eRNE FAeon SHRE
2 S Aol Ad# A Ad%= Fig. 10, 11 3
2t} Table 3 9] R.G.Y-, S.G.5olA2] FEM 9%

A AIE vkl 4y #AE plot 3k o]

(3]

13-4 (regression) 3t ol o} e A S
/~ olq,

dre= -8.0102 dgr ® + 3.7336 dse 2 + 0.365519 dge
+0.00018653 (1)
A7IA dre & R.GHFOIAS] FEM 3|4 WHe=F
(mm)olil dg &= S.G.HIAY FEM 34 W9k
(mm)o] T},
HAA ()= AA Autoclave ol A 3g A
F7] 92 AFNA A S.6.F WY #s

mloj&l':?‘:‘

Fig. 9 Boundary conditions (3D solid)



CF8M =H|lE| = 7F A57] vz Aol 714 HdE 43t

Table 3 Results of FEM analysis
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Table 5 Test results

R.G. Length

S.G. Length

Strain amplitude (%)

Strain (%) Disp. (mm) Strain (%) Disp. (mm) e,=04 | ¢,=06 | £€,=08
0.10 0.0191 0.188 0.03574403 Strain rate (%/s) 0.04 0.04 0.04
0.20 0.0381 0.350 0.06670005 Frequency(Hz) 0.025 0.0167 0.0125
0.30 0.0572 0.490 0.09326808 Fatigue life(cycles) 8,300 3,040 1,660
0.40 0.0762 0.580 0.11544811
0.50 0.0953 0.699 0.13324013
0.60 0.1143 0.800 0.14664416 it M SO FRM M SR S ——
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Fig. 10 FEM result of stress distribution

Fig. 11 FEM result of specimen elongation

333 MF7|

2
g1l s A el m

V] 1000 2000 3000 4000 5000 €000 7000 8000 9000
Fatigue Life(Cycles)
Fig. 12 Graph of load amplitude vs. fatigue life

Hqgste] AF7] AR AYS 3

Table 5 2°F&}3ith Fig. 12 =S4 % )
o Hdixe WstE 19 Aot} 27
7181 Fr A F71 A ﬁd%—%ﬂﬂ
AdA MY A F=2 st FHdX 7}
S B F U 714 WydE 434

o
(Ui
o

o, olN
:
10 1 0‘3: E
s Tg i
b fo o v\ fir N ofy

o
N

=)
fru

-
~N
ot
A
4
N,
g
S rm
&
o2 09#

_ﬁ
>
e
N
N
rz
[‘E
o?L’
i
z [y I o
N
N
—H
5
frt
B b
o,

oo tio
i)
o

o o

x b
ot
v

8%, 0

o]

2
s

=
4%

>

o,

ﬂl-

ol

o|

N,
N
o

il

E
4
N
o
o3
El

>
gk
N

ofs
oL

O[‘UZ_‘:—_'

2 o o 00
o g 3

J|m

o

tio

o

i}

N
do
2
Py
®
Iz
e 2 oxl Hu
oo > nd
o,
rir -z k

ol
S

ox off 2

ofN %
=
rle
2
f

Yy
)
||\
ol

ol
ol
2

ofl A
o,
™, okl
N
S
jaii}

T

I
1o ofy
H o g

(I P)
oM.
Lot
r (
o3
o
K
it
e
01>L _I
[-J
Xl



182 4d - e
Monitor 5.G. displacement with e
controlling RG.

- Strain control with extensometer at RG.
- Measure strain at 5.G. with LVDT

T

¥
Relation of displacements
between R.G. and 5.G.
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Fig. 13 Experiment process to modify CSH
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Table 6 Test results in air, 315C

Strain amplitude (%)
€,=04 | €,=06 | €,=08
Strain rate (%/s) 0.04 0.04 0.04
Frequency(Hz) 0.025 0.0167 0.0125
Fatigue life(cycles) 10,230 5,214 2,654
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Fig. 14 Relation of extensometer and LVDT strain
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Table 7 Test results in PWR environment

Strain amplitude (%)
€,=04 | £€,=06 | £€,=08
Strain rate (%/s) 0.04 0.04 0.04
Frequency(Hz) 0.025 0.0167 0.0125
Fatigue life(cycles) 6,818 3,610 1,473
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Fig. 19 Modified displacement behavior of LVDT
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