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ABSTRACT
The stress variation creep test and the strain vque
ducted for evaluation of linear dawage | racuwo Jilsl
procedures were prososaed €0 improvc its lcdlc‘
evaluation method based on linear damage EAECKNOQ
prediction for creep-fatigue date with several sirain h1 story.

1 INTRODUCTIOH

te for 304 stainless
facts to the material
gen eﬂalxby of appli-
avaluation based on
matc1ilg of  main
entation method of

[n this etudy. several creep, Tatigue and cresp
gteel were performed to investigate sirain hi"
strength. Another purpose of this work is to confir
cation of linear damage fraction rule. The CLQ@QHI g
linear damage fraction rule was deweloped far the siructur
LMFBE componenis (Aoto et al. 1987). The analytical repres
Trs
su

cresp and fatigue properties applied to evaluaie damagzs on@ respectively
were developed to zive proper estimstion for observed re 1887;
Yosnitake et al. 18 6) Further, the 5trcsﬂ relaxation buLQV]Or used to evaluate
creep damage could be represented analytically using the creep strain equation
with the classical gtrain hardening thecry (Aoto et al. 1988). vhis aer shows
that the creep-Tatigue lives included several strain history affec can be
pradicted by the present creep-fatizue evaluaticn uethod.
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£ BEPRRIVENTAL PROCEDURE

2.1 Haterial

The material usec for this study iz a 40 Tahle 1

am thick 304 stainless stesl, The chemi-

cal cowpositions 1s given in Table 1.

The steel plate was given s aolutbion

troatment (wauer quench atier holding of ClS [Ma| PT1S|MN|C|Co
4% minutes at 1100 C 3 . before the

TR . LT ) .05 | 9.88|0.07 (0026|0062 6.94 {18, 50
machinig of specimens. The test speci- U5 9.60]1.67]0.026)0.002} 6.94]18.5¢] 8,12
men o7 the creep and Tatizus iests are ST 2 100°C X 48min - W.Q
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the cylindrical type with diameter 10 mn at gauge length. The specimens were
machined with the Ivading axis parallel to the working direction of stesal
plate.

2.2 Test conditions Table 2 Summary of test items
Test conditions in this study are given T?%g?” ‘fMESHWE
in Table 2. In the stress variation VARIATIGN o Lot
creep test, the step up stress creep CREEP '
test. the step down stress creep test STRAIN VARIATION | T
and these combination stress creep test FATIGUE °*f¥&fﬁﬂ
wvere carried out up to rupture. The . .
creep stress changes within 2 or 4 OREER MITER WA
leyels. The strain variation Tatigue
test were carried out by changing strain FATIGUE AFTER | |- ;
range of 0.6 % and 1.2 % and by changing CREEP =AY
number of load cycle contained each a oy
: py BRI L MEAN STRAIN S

strain cycles. The creep test with prior CREEP-FATIGUE | It
faligue damage and the Tatigue test with

i da were carried out. THERMAL STRESS | 9|, 11,
prior creep damage : ‘ PN I
Strain range of Tatigue is two levels, CREEP-FATIGUE YV

0.5 % and 1 %, and stress of creep is

215.6 MPa constant. In tension hold

creep-Tatigue tests with different mean =strain, total strain range is two
levels, 0.5 % and 0.7 %. and each hold time is 0.1 hour and 1 hour. In the low
cycle Tatigue test with strain hold time at the zero strain position, strain
range is 0.5 % and hold time is I hour. All test temperature is 550 °C omly,
and strain rate of all fatizue test 1s 0.1 %/sec.

3 RESULTS AND DISCUSSION

3.1 Creep life on the stress step up and down creep test

The creep damage is evaluated by the summation of damage fractions based aon
rupture time, Ejt/*R, This evaluation method is supported by wmany study up to
the present (e.g. Robinson et al. 1952). However, in this study, the effect of
gufficient  load sequence on the stress

step up and down creep test was shown., & Tertiery creep
Time to rupture of the materials which Starting lins of tertiary vesp strain  [s—————>

are loaded same stress and same loading
duration was tending to extend in case
of including the step down stress creep.
This result give a difference of life
prediction by 2t/tp=l. Then the life
prediction mode! was proposed. The cal-
culation procedure for time to rupture
in case of the step up siress crecp is
shown in TFig. 1. This concept is eg-

gentially based on the constani load ! LN b

creep date with the classical strain tr=t;+1s

hardening theory. Crzep time can be cal- =t =t

culated from initial point to the end of pig 1 Calculation procedure for time
the steady creep region based on the to rupture of step up stress

5

strain hardening theory. When the creep creen

— 272 —



curve get across the starting line of
tertiary creep strain which is de-
termined by tertiary creep strain on the
constant load creep, tertiary creep
starts. The +time to rupture of these
tests were oredicted by the summation of

these calculated results and the terti-
ary creep periods of creep test dats
under the constant load of the same

stress level of the last step.

Creep curve of the stress step up and
down creep test is shown in Fig. 2. The
predicted creep curve is also shown in
this Tigure. The time parameter zxc=1 of
the creep strain equation indicates mean
value for the amount of scatter of the
megsurements of creep strain { Yoshitake
et al. 1986). Tertiary creep time of the
constant load creep test is already
found by ta=ep¥tp: op=0.506. When the
predicted creep curve by this procedure
get across the predicted starting line
of tertiary creep strain. the predicted
initial point of tertiary creep strain
was good agreed with observed tertiary
creep.

Predictability of creep
based on this fertiary creep strain
limit is shown in Fig. 3. As result of
cresp life prediction, the summation of
damage fractions based on rupiure time
could evaluate the creep life of the
stress step up and down creep fests
sufficientliy. Furthermore, predict-
ability of creep life can improve by the
concept of the tertiary creep strain
limit.

rupture time

3.2 Fatigue life on the strain variation

fatigue test

The fatigue damage is evaluated by the
summation of damage fractions based on
number of load cycles, ZON/Nf. Then, the

fatigue damage is given different
results by the measuring method of
strain range. Predictability of the
strain variation Tatigue life is shown
in Fig. 4. The measuring method of
strain range was used the BDS wnethod
which was the measuring method in the

Japanese elevated temperature structural

desizgn guide fTor ciass 1 components of
FBR. The cycle is counted at the zero
strain position in the BDS method. As
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the results, the predicisd lives ware

within a factor of 2 of the observed 103 e
life. However, the predictad lives were - susio e //%
laocated on un-conservative side., The JE Hre i ////g
nethod based on the tension golng strain Ea ,///// 3
range showed good awleencHL w1ch the ob- A K T i S ]
served life (see in Fig. 5. This B oo .
measuring wethod of sirain range was EiWL vl 1 E
modified original method based on the = F .
tensgion going strain range. The cycle is Q b E
counted as two times of sirain amplitude 5 X o
at the tension going side. Thersfore. 8 R
the modifiad wethed based on the tenzion - ) "ﬁé F7 oA
going strain range is actval, but the w” ‘%‘]?T* =
wethod hased on the BDS is simple and s =

F NN [ SN DAL DO NI A A L (N I I A R A )

prac ctical. I [ T i i
PREDICTED LIFE (cycles)
e for the »rior

Fie, &5 Predictability of strain vari-
ation f”” ‘

118 ba%

danage was not lower than thal of as-received material
aris was increased. The serieg of ilantensive slip of sur
under load cycles caused local reduction of ari

aria on conventional creep tests.
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n o
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fhe cireej ith prior fatigue damnage

and the 'fue life with prior creep

damage is in Fig. 8. The ratio of

life re@uc for mean life of rime to  rupture prior

Tatigue damaﬂc was less  than that of nuwher tigua

test with prior creep damage. Ths cre fati in

Fig. 7. Thz dawage on the creep tes ated
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tension going strain rate and creep damage Is evaluated by considering the
stress relaxation behavior during strain hold period(Aoto et al. 1987). Pre-
dicted lives were within a factor of 3 of the observed lives. It was confirmed
that the present creep-fatigue avaluation basis of linear damage fraction rule
was applied for the evaluation of life under creep and fatigue interaction on
several loading conditions.

4 CONCLUSIONS

Several creep, fatigue and creep-fatigue test for 304 stainless steel were per-
formed %o investigate strain history effects to the material strength and to
confirm the generality of application of linear damage fraction rule. The sum-
mation of damage fractions based on rupture time could evaluate the creep life
of the stress step up and down creep tests by the study on pure creep damage.
The end of the steady creep region and the time to rupture of those creep tests
could be reasonably estimated by =zpplication of new concept based on the
tertiary creep limit. The fatizue damase was strongly depended on the measuring
method of strain range in the strain variation fatigue test. In Creep tests
with prior fatigue damage and fatigue tests with prior creep damage, creep and
fatigue damage were evaluated by linear damage fraction rule. The effect of the
mean strain on the creep-fatigue |ife was shown to be negligible. 1t was shown
that the main factor of creep-fatigue life reduction compared with fatigue life
was not thermal stress softening by hold but the creep damage during hold
periods. The creep-fatigue lives inciuded several strain history could be pre-
dicted by the present creep-fatigue evaluation method.
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